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a b s t r a c t

The strontium isotope ratio (87Sr/86Sr) is used in archaeological studies to identify major events of
population movement in prehistory such as migration, conquest, and inter-marriage. This study shows
that the strontium isotope method can be expanded to identify more subtle shifts in prehistoric human
mobility. 87Sr/86Sr isotope ratios were analyzed in dental enamel from human and faunal specimens from
the Late Neolithic and Copper Age on the Great Hungarian Plain. The archaeological record indicates that
several aspects of life changed during the transition from the Late Neolithic to the Copper Age (ca.
4500 BC) in Hungary; evidence for increased interaction over a wide geographical area, less resource
pooling and the use of secondary products has been used to support the idea that local populations
became more mobile, perhaps due to the adoption of an agro-pastoral economy. Results from this study
identify a change in the range of strontium isotope values from the Late Neolithic to the Copper Age from
a very narrow range of values to a much broader range of values, which suggests that changes in how
land and resources were utilized on the Great Hungarian Plain affected incorporation of strontium into
the skeletal system. This study indicates that the strontium isotope ratio is a valuable tool for identifying
more subtle changes in prehistoric behavior such as a shift to a more pastoral economy.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

This study uses the strontium isotope ratio (87Sr/86Sr) to
examine changes in how human populations interacted with their
environment on the Great Hungarian Plain during the Late
Neolithic–Early Copper Age transition (ca. 4500 BC) by analyzing
archaeological human and faunal enamel samples. Neolithic and
Copper Age cultures in Hungary play a pivotal role in the dispersal
of people and new ways of life in European prehistory. This region
contains crucial archaeological information concerning the spread
and use of domesticated plants and animals and the dynamics of
tribal societies. From the Late Neolithic to the Early Copper Age
a transformation in social organization, subsistence strategy and
mobility has been inferred from the archaeological record. This
transition is characterized by material changes in cultural distri-
bution, settlement characteristics, ceramic assemblages, mortuary
customs, and trade networks. Biogeochemical applications in
anthropology, such as stable isotope analysis, provide new ways to
directly and independently test patterns of prehistoric human
behavior detected in archaeological evidence, and a foundation for
this work is growing in Europe (e.g. Bentley, 2007; Bentley and
Knipper, 2005; Bentley et al., 2003, 2004; Chiaradia et al., 2003;
All rights reserved.
Grupe et al., 1997; Price et al., 1994, 1995, 2004; Whittle et al., 2002;
Wormuth et al., 2000). The author builds on this work by exploring
the applicability of strontium isotope analysis to identify changes in
how land and resources were utilized on the Great Hungarian Plain
during periods of socio-economic reorganization during the
eneolithic.

2. Prehistoric setting

Over thirty years of systematic archaeological survey and
excavation conducted in the Great Hungarian Plain has presented
archaeologists with a dynamic picture of social transformations
that were sparked by the arrival of Neolithic food producing
communities and carried through the succeeding Copper and
Bronze Ages (Bentley et al., 2003; Parkinson et al., 2004; Tringham,
2000; Visy, 2003; Zvelebil and Lille, 2000). While there is evidence
for changes in mobility, trade networks, household organization,
pottery styles, technology, distributions of cultural groups, and
mortuary customs from the Neolithic to the Bronze Age, our
knowledge of the region’s prehistory would greatly benefit from
biogeochemical analyses that directly reflect human behavior.

This study looks specifically at the Late Neolithic and Early
Copper Age cultures who occupied the Great Hungarian Plain from
ca. 5000 to 4000 BC (Parkinson, 2006b). The archaeological record
suggests that a transition in sociopolitical organization, subsistence
strategy and mobility occurred from the Late Neolithic to the Early
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Copper Age. Recent research has focused on detailing these changes
(Gyucha et al., 2006; Parkinson, 2006a,b; Parkinson et al., 2004;
Yerkes et al., 2007); however, questions about the level of mobility
and cultural interaction that characterized Early Copper Age soci-
eties who shifted from the use of large permanent tell sites to small,
impermanent single-component sites and maintained cultural
homogeneity over a wider geographical area have not been
resolved. Subsistence strategy is another aspect of Neolithic and
Copper Age lifestyle that could be clarified with new lines of
research. The extent of reliance on domesticated versus local wild
species remains unclear, as well as when the shift to utilizing
secondary animal products first occurred (Bogucki, 1987; Bökönyi,
1974; Greenfield, 1988; Sherratt, 1981, 1983). A majority of the
evidence for the ‘secondary products revolution’ has relied on
indirect sources such as ceramic vessels and iconography. It has also
been suggested that an increase in mobility and increased reliance
on cattle during the Neolithic and Copper Ages was due to an
emerging agro-pastoral economy but this remains to be tested
(Bognár-Kutzián, 1972; Bökönyi, 1974; Sherratt, 1983).

Many of these issues can be addressed using stable isotope
analysis. Biogeochemical data of this sort often require extensive
isotopic mapping to accurately test anthropological hypotheses;
with this in mind, the aim of this study is to begin the accumulation
of biogeochemical data in Hungary in order to test the applicability
of the method under local conditions and add to the growing
framework of biogeochemical data in Central Europe.

3. Geochemical application

The concentration and isotope ratio of strontium in human and
faunal skeletal material can be used to identify movement
throughout an individual’s lifetime, residence and migration
patterns based on the local geology, and dietary characteristics
(Price et al., 1994). Several studies of this type have addressed
questions of marriage, migration, conquest, and colonization in
prehistoric Europe (e.g. Bentley, 2007; Bentley and Knipper, 2005;
Bentley et al., 2003, 2004; Chiaradia et al., 2003; Grupe et al., 1997;
Price et al., 1994, 1995, 2004; Wormuth et al., 2000); however, none
of these studies have addressed the Late Neolithic and Copper Age
transition in Hungary.

The 87Sr/86Sr isotope ratio is useful in the archaeological context
because strontium is incorporated into the skeletal tissues of
animals and humans through the food chain and remains there as
a record of the diet of these individuals, and also of the geological
area where the strontium was obtained. Unlike other isotope ratios
used in anthropological contexts, there is no measurable fraction-
ation in the 87Sr/86Sr ratio as it is carried through the food chain
(Capo et al., 1998). As a trace element, strontium substitutes for
calcium in the hydroxyapatite of teeth and bones. Because the
skeletal tissue in teeth and bone represents different develop-
mental periods in an individual’s life, the strontium signature
compared between these two tissues can be used to identify
changes in behavior over time. The enamel in teeth forms in the
first few years of an individual’s life and is not replaced after
formation, therefore the enamel functions as a permanent record of
the individual’s diet and geological habitat as a child (Grupe et al.,
1997). Strontium levels in bone, which are continually being
remodeled throughout life, are thought to reflect the individual’s
average strontium intake over the last 7–10 years of life (Jowsey,
1971). Comparisons of strontium isotope ratios between teeth and
bone reflect whether there has been a significant change in diet and
possibly geographical area within a lifetime. For full details of
method, see Price et al. (2002).

Recent work has emphasized the importance of characterizing
all potential sources of strontium in the human sample’s local
dietary range because the strontium value in humans is thought to
be an average of all dietary sources. Bone may not always be the
best indicator of the local range due to potential contamination in
the burial environment that teeth are not generally susceptible to
(Bentley and Knipper, 2005; Bentley et al., 2004; Hodell et al., 2004;
Horn and Muller-Sohnius, 1999). Faunal teeth from contemporary
archaeological contexts appear to be the best approximate of the
local biologically available strontium in a particular environment
and control for problems associated with using archaeological bone
and modern water and soil samples (Blum et al., 2000; Ezzo et al.,
1997; Hall-Martin et al., 1993; Koch et al., 1992; Price et al., 2000,
2002; Vogel et al., 1990). For this study several faunal species as
well as a water sample were used to approximate the local
biologically available strontium isotope range. The mean value of
the faunal and water sample �2 s.d. was used to define the
boundaries of the estimated local human strontium isotope range
according to the methods proposed by Price et al. (2002). More
thorough isotopic mapping of the region will be done in future
work by the author.

While it has been shown that the 87Sr/86Sr isotope ratio is
a valuable tool for identifying major events of population move-
ment based on underlying geological signatures, variation in the
isotope ratio at the local level can also reflect changes in human
behavior. Because the strontium in human skeletal systems is an
average of strontium values acquired from all food and water
resources, a change in the way an environment is utilized by
a human population, without significant population movement,
can also be expected to change the strontium isotope value recor-
ded in their skeletal tissue. Recent publications that have utilized
the 87Sr/86Sr isotope method in an expanded context include work
by Tafuri et al. (2006) who were able to identify a shift from
a sedentary to a pastoral economy by identifying changes in the
variance of 87Sr/86Sr values over several time periods. The 87Sr/86Sr
isotope method has also been used recently to study prehistoric
hunter-gatherer adaptations (Haverkort et al., 2008). This study
evaluates whether the 87Sr/86Sr values in human dental enamel
from the Great Hungarian Plain can be used to identify changes in
how humans interacted with their environment during a time of
proposed social, political and economic transformation from the
Late Neolithic to the Copper Age.

4. Geological setting

Prehistoric human populations living on the Great Hungarian
Plain acquired the strontium measured in their skeletal system
from food and water resources, which in turn reflects the strontium
isotopic composition of the underlying geology. The isotope ratio
may vary for different resources depending on the age of the source
rock material so it is necessary to establish the geological setting in
order to identify strontium isotope ranges within the scope of
possible population movement.

Hungary is characterized by three distinct regions: the Great
Hungarian Plain (east of the Danube River), Transdanubia (west of
the Danube), and the Northern Mountains. The region to the north
makes up a section of the Carpathian Mountains, a series of parallel
mountain ranges that run from Vienna, Austria border the northern
portion of Hungary, and end near Bucharest, Romania (Fig. 1). The
study area is located on the southeastern portion of the Great
Hungarian Plain (also known at the Nagy Alföld). The Plain should
have a high strontium isotope composition because the average of
sedimentary silts and clays that make up the soil is very old,
allowing for a longer period of radioactive decay from 87Rb.
87Sr/86Sr values of lowland loess from previous studies in Central
Europe range from 0.7080 to 0.7100 (Bentley et al., 2003). The
surrounding Carpathians are composed of a series of parallel
mountain ranges formed at different time periods. The innermost
mountain range in the Carpathians should have a lower strontium



Fig. 1. Study area and the surrounding region. Numbers indicate average 87Sr/86Sr values recorded for rock and water sources throughout the region: 1 (Bukk Mountains; 0.7100), 2
(Tokaj Mountains; 0.7074), 3 (North Transcarpathian Basin; 0.7089), 4 (Gutai Mountains; 0.7090), 5 (Apuseni Mountains; 0.7051), 6 (Tisza River; 0.7096), and 7 (Danube River;
0.7096). Close up map of the study area identifies the archaeological sites sampled from in the Körös region. Regional map adapted from Parkinson et al. (2002; Fig. 1), based on
a topographic map created by László (1996). Inset created by Margaret Morris.
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isotope composition than the Plain because they are composed of
younger geological units. The Apuseni Mountains located in
Romania make up a portion of the Carpathians just east of the study
area and 87Sr/86Sr values from bulk rock samples average at a much
lower level of 0.7051 (Seghedi et al., 2004). In the Tokaj Mountains
to the north, the rock 87Sr/86Sr value is also slightly lower than on
the Plain (0.7074). 87Sr/86Sr measurements from the Danube River,
its large tributary the Tisza, and various locations throughout the
Carpathian–Pannonian region published in previous studies have
been used to establish geological variability in strontium isotope
ranges in the region surrounding the study area (Table 1). The
average 87Sr/86Sr values for each locality are displayed in Fig. 1.
These measurements are valuable in order to incorporate all of the
factors that affect strontium isotope values in the human pop-
ulation; however, bedrock and water values cannot be used as the
only reference of comparison with human values because they do
not always directly reflect biologically available strontium. For this
reason, several faunal samples were analyzed for comparison and
used to establish the local biologically available strontium range for
southeastern Hungary.

5. Archaeological sites

Enamel from human and several faunal species was sampled
from five sites (three settlements and two cemeteries) located in
the Körös River Valley in southeastern Hungary (the Körös River is
a tributary of the Tisza) (Fig. 1). These include Véstz}o-Mágor,
Vészt}o-Bikeri, Körösladány-Bikeri, Okány 6, and Gyula 114 (Giblin,
2004; Heged}us and Makkay, 1987; Nicolim, 1983; Yerkes et al.,
2007). Twenty-one burials were sampled for 87Sr/86Sr values from
Véstz}o-Mágor; 16 are from the Late Neolithic (ca. 5000–4500 BC)
and five are from the Early Copper Age (ca. 4500–4000 BC). Véstz}o-
Mágor is a tell site that contains several occupation levels from the
Neolithic, Copper, and Bronze Ages (Heged}us and Makkay, 1987).
Three burials and several faunal species (cattle, pig, sheep, goat,
dog, rodent, clam, and snail) were sampled from Vészt}o-Bikeri and
Körösladány-Bikeri. These are single-component, Early Copper Age
settlements from the Tiszapolgár culture. They are located just
across from each other and are currently separated by a modern
canal. These two sites are approximately 2 km from the tell site of
Véstz}o-Mágor and radiocarbon dates indicate that they may have
been roughly contemporaneous Tiszapolgár settlements (Parkin-
son et al., 2004). Four burials were sampled from Okány 6. Okány 6
is a Tiszapolgár cemetery located on a poultry farm that was
partially excavated due to the threat of disturbance in 1983
(Nicolim, 1983). The site is approximately 8 km southeast of the
town of Vészt}o where all of the above-mentioned sites are located.
Ten burials were sampled for 87Sr/86Sr from the Middle Copper Age
cemetery Gyula 114 in a previous study (Giblin, 2004). Gyula 114 is
located approximately 43 km southeast of the town of Vészt}o.

6. Samples and procedures

Enamel samples from 28 human and 12 faunal individuals were
analyzed for strontium concentration and isotope ratio (10 human
samples from Gyula 114 and 6 faunal samples from Vészt}o-Bikeri
and Vészto-Mágor were analyzed in a previous study) (Giblin,
2004). Human enamel was taken from the first molar, whenever
possible, or the second molar if the first was not present. Molars
were sampled whenever possible in faunal species. Enamel was



Table 1
87Sr/86Sr values from bulk rock (BR) and water (W) samples in Hungary.

Sample Material Area Age 87Sr/86Sr Reference

B-4B BR Bukk Mountains 17 0.710327 Seghedi et al. (2004)
B-7-IE BR Bukk Mountains 17 0.711368 Seghedi et al. (2004)
B-14 BR Bukk Mountains 17 0.710370 Seghedi et al. (2004)
B-28 BR Bukk Mountains 15 0.707728 Seghedi et al. (2004)
B-29 BR Bukk Mountains 18 0.710307 Seghedi et al. (2004)
TD-105 BR N Transcarpathian

Basin
15 0.708810 Seghedi et al. (2004)

TD-134 BR N Transcarpathian
Basin

15 0.708852 Seghedi et al. (2004)

TD-145-1A BR N Transcarpathian
Basin

15 0.709104 Seghedi et al. (2004)

TD-145-4A BR N Transcarpathian
Basin

15 0.708932 Seghedi et al. (2004)

SKH-25 BR Tokaj Mountains 12 0.707424 Seghedi et al. (2004)
2G BR Gutai Mountains 10.8 0.708330 Seghedi et al. (2004)
3G BR Gutai Mountains 1.01 0.708940 Seghedi et al. (2004)
4G BR Gutai Mountains 10.7 0.710296 Seghedi et al. (2004)
6G BR Gutai Mountains 10.7 0.709200 Seghedi et al. (2004)
7G BR Gutai Mountains 11 0.708280 Seghedi et al. (2004)
363a BR Apuseni Mountains 8.6 0.704704 Seghedi et al. (2004)
394a BR Apuseni Mountains 11.2 0.704744 Seghedi et al. (2004)
400a BR Apuseni Mountains 12.6 0.703982 Seghedi et al. (2004)
401a BR Apuseni Mountains 11.4 0.705608 Seghedi et al. (2004)
767a BR Apuseni Mountains 11.7 0.704502 Seghedi et al. (2004)
776a BR Apuseni Mountains 10.5 0.704250 Seghedi et al. (2004)
788a BR Apuseni Mountains 7.4 0.704400 Seghedi et al. (2004)
790a BR Apuseni Mountains 14.6 0.708312 Seghedi et al. (2004)
2479a BR Apuseni Mountains 12.4 0.705713 Seghedi et al. (2004)
5199a BR Apuseni Mountains 12.8 0.704640 Seghedi et al. (2004)
6922a BR Apuseni Mountains 12.6 0.706252 Seghedi et al. (2004)
UR-3a BR Apuseni Mountains 1.6 0.704441 Seghedi et al. (2004)
n/a W Danube River modern 0.709500 Price et al. (2004)
n/a W Danube River modern 0.709600 Price et al. (2004)
n/a W Danube River modern 0.708900 Palmer and

Edmond (1989)
n/a W Tisza River modern 0.709600 Palmer and

Edmond (1989)

Table 2
87Sr/86Sr values and concentration (ppm) for all faunal samples. EC¼ Early Copper
Age; M¼Modern. Standard error: �2 s.d. of the mean within-run uncertainties.

Site Sample Sr (ppm) 87Sr/86Sr Standard
Error

Species Time
Period

Vésztõ-Mágor 283 167.6 0.709934 0.000009 cow EC
Vésztõ-Mágor 299 248.4 0.709868 0.000015 cow EC
Vésztõ-Bikeri V20.F.1 226.2 0.709616 0.000008 pig EC
Vésztõ-Bikeri V20.F.2 154.8 0.709657 0.000009 pig EC
Vésztõ-Bikeri V20.F.3 158.8 0.709683 0.000007 pig EC
Vésztõ-Bikeri V20.F.4 224.0 0.710263 0.000006 pig EC
Vésztõ-Bikeri V20.F.5 192.6 0.709669 0.000008 pig EC
Vésztõ-Bikeri V20.F.6 215.1 0.710240 0.000008 pig EC
Vésztõ-Bikeri V20.F.7 205.9 0.709335 0.000007 pig EC
Vésztõ-Bikeri V20.F.8 207.5 0.710255 0.000009 pig EC
Vésztõ-Bikeri V20.F.9 181.5 0.709642 0.000009 pig EC
Vésztõ-Bikeri T1 n/a 0.710186 0.000008 Ovicaprine EC
Vésztõ-Bikeri T2 n/a 0.709704 0.000009 Sheep EC
Vésztõ-Bikeri T3 n/a 0.709640 0.000009 Dog EC
Vésztõ-Bikeri T4 n/a 0.709461 0.000006 Wild boar EC
Vésztõ-Bikeri V20-3 148 0.710018 0.000011 cow EC
Körösladány-Bikeri K14.F.2 364.1 0.709331 0.000007 clam shell EC
Körösladány-Bikeri K14.F.3 1369.0 0.709435 0.000007 snail shell M
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mechanically cleaned and isolated using a diamond drill bit
attached to a Dremel tool. Duplicates were taken from three
samples, and four samples were loaded and analyzed twice to test
reproducibility (all samples were identical to the 4th decimal
place). Samples were processed in the Radiogenic Isotopes Labo-
ratory in the School of Earth Sciences at The Ohio State University.
Chemical treatments were processed in a Class 100 clean lab.

Samples were reacted with acid according to the procedures
described by Chiaradia et al. (2003) to remove the organic and post-
depositional portion of the material. Once clean, all samples were
weighed and spiked with 25 mg of 84Sr spiked solution in a clean
Teflon beaker. 1–2 ml of 2.5 N HCl plus 1 drop of HClO4 was added
to each beaker and put on the hot plate to dissolve. Once dissolved,
the caps were removed and the samples were dried down. Samples
were dissolved in 1 ml 2.5 N HCl and loaded onto a cation exchange
chromatography column (Bio-rad AG50x8, 200–400 mesh) to
separate the strontium from other elements. The strontium solu-
tion was collected, 1 drop of HNO3 was added, and the samples
were put on a hot plate overnight to dry down. The samples were
dissolved in dilute HCl, loaded onto Re filaments and dried down.
Isotopic measurements were performed using a Finnigan-MAT
(model 261A) thermal ionization mass spectrometer (TIMS).
Measured values were normalized assuming normal strontium
with 86Sr/88Sr¼ 0.119400. Mass spectrometry runs consisted of 100
ratio measurements with an 88Sr ion beam intensity of approxi-
mately 6�10�11 A. Uncertainties refer to the last digit(s) and are
two standard deviations of the mean within-run uncertainties.
Reference value of 87Sr/86Sr for the SRM987 is 0.710242�10 (one
sigma external reproducibility). Mass spectrometry procedures and
equipment are described in Foland and Allen (1991).
7. Results

Strontium concentration and 87Sr/86Sr ratio for all faunal
samples are listed in Table 2; human results are listed in Table 3.
The estimation of the local 87Sr/86Sr ratio was based on the mean
value from seven faunal species (n¼ 18) and one water sample
(Table 2). Fig. 2 shows the range for each species tested and the
mean value (0.709736)� 2 s.d. 87Sr/86Sr ratios ranged from
0.709331 (clam shell) to 0.710263 (pig). The faunal samples were
taken from three sites (Vészt}o-Mágor, Vészt}o-Bikeri, and Kör-
ösladány-Bikeri) all located within approximately 2 km of each
other. This estimate of the ‘local’ strontium value is displayed along
with the human values in Fig. 3 to identify whether there are any
non-local individuals.

The human 87Sr/86Sr values (Table 3) are presented in Fig. 3
according to chronology. Based on the local 87Sr/86Sr estimation
from faunal and water samples only one individual falls outside the
local range and can be considered a migrant. This individual
happens to be one of the two Conquest Period (10th century)
burials analyzed from Vészt}o-Bikeri (Lichtenstein, 2001). Although
this time period is not the focus of the current study, the data point
shows that strontium will be a useful tool to study other periods in
Hungarian history. Individuals from the Conquest Period are
nomadic horsemen who represent the first native Hungarian
inhabitants of the Great Hungarian Plain. While it is clear that one
of the Conquest Period burials intrusive to the Vészt}o-Bikeri
settlement is not indigenous to the area, the other burial from that
time period falls within the local range. The timing and pattern of
their arrival on the Great Hungarian Plain may be an issue appro-
priately tested using strontium isotopes.

An interesting pattern emerges when the values are divided
according to time period (Fig. 3). The Late Neolithic population
displays a very narrow range in isotope values, while the Early and
Middle Copper Age populations display much more variability.
Fig. 4 displays the variance in 87Sr/86Sr values in the Neolithic and
the Copper Age. A Monte Carlo test was used to evaluate whether
the variance of these groups was statistically different at a 0.05
significance level (H0: s2¼ s2; H1: s2 s s2). The Monte Carlo
method was used because the sample size is small (less than 25
samples per time period), and the data do not conform to the
assumption of normality needed to perform parametric analyses.
According to the P-value (0.0699) generated by the Monte Carle test
(simulation¼ 9999), the null hypothesis that the sample variances
from the Late Neolithic and Copper Age are the same could not be



Table 3
87Sr/86Sr values and concentration (ppm) for all human samples. N¼Neolithic;
EC¼ Early Copper; MC¼Middle Copper; Conq¼ Conquest; Sarm¼ Sarmatian.
F¼ female; M¼male; ?¼ uncertainty; n/a¼ unable to determine; Ad¼ adult;
Juv¼ juvenile.

Site Sample Sr (ppm) 87Sr/86Sr Standard
Error

Burial Time
Period

Sex Age

Vésztõ-Mágor VM.T.1 66.2 0.709601 0.000009 1 N F Ad
Vésztõ-Mágor VM.T.2 80.0 0.709621 0.000007 2 N M Ad
Vésztõ-Mágor VM.T.3 198.8 0.709871 0.000007 4 N F Ad
Vésztõ-Mágor VM.T.4 90.6 0.709548 0.000007 6 N F Ad
Vésztõ-Mágor VM.T.5 117.2 0.709606 0.000007 7 N M Ad
Vésztõ-Mágor VM.T.6 85.0 0.709605 0.000009 13 N M Ad
Vésztõ-Mágor VM.T.7 75.4 0.709619 0.000008 15 N n/a Ad?
Vésztõ-Mágor VM.T.8 68.3 0.709683 0.000006 27 EC F? Juv
Vésztõ-Mágor VM.T.9 92.8 0.709734 0.000009 28b EC n/a Juv
Vésztõ-Mágor VM.T.10 77.9 0.709537 0.000009 30 N M Ad
Vésztõ-Mágor VM.T.11 76.2 0.709606 0.000009 31 N n/a Juv
Vésztõ-Mágor VM.T.12 85.3 0.709592 0.000008 32 N M Ad
Vésztõ-Mágor VM.T.13 147.8 0.709556 0.000008 33 N M? Juv
Vésztõ-Mágor VM.T.14 65.6 0.709728 0.000008 36 N M Ad
Vésztõ-Mágor VM.T.15 113.3 0.709726 0.000008 37 EC F Ad
Vésztõ-Mágor VM.T.16a 72.4 0.709659 0.000008 39 N M Ad
Vésztõ-Mágor VM.T.17 95.7 0.709626 0.000008 40 EC M Ad
Vésztõ-Mágor VM.T.18 157.8 0.709632 0.000008 41 EC M? n/a
Vésztõ-Mágor VM.T.19 83.0 0.709494 0.000009 42 N F Ad
Vésztõ-Mágor VM.T.20 124.2 0.709643 0.000008 43 N F Ad
Vésztõ-Mágor VM.T.21 80.0 0.710085 0.000009 44 N M Ad
Vésztõ-Bikeri V20.T.1 37.9 0.709929 0.000007 1 Conq M Ad
Vésztõ-Bikeri V20.T.2 68.2 0.709517 0.000008 2 EC M Ad
Vésztõ-Bikeri V20.T.3 87.2 0.712180 0.000008 4 Conq M Ad
Okány 6 OK.T.1a 126.1 0.709921 0.000012 1 EC M Ad
Okány 6 OK.T.2 121.3 0.709111 0.000012 2 EC M Ad
Okány 6 OK.T.3 95.5 0.709909 0.000009 4 EC n/a n/a
Okány 6 OK.T.4 139.3 0.709669 0.000007 7 Sarm F Ad
Gyula 114 Gy 4.1 78.8 0.709635 0.000009 4 MC M Ad
Gyula 114 Gy 6.1 66.0 0.709872 0.000008 6 MC M Ad
Gyula 114 Gy 8.1 97.9 0.709364 0.000009 8 MC M Ad
Gyula 114 Gy 10.1 130.0 0.709149 0.000007 10 MC F Ad
Gyula 114 Gy 11.1 67.7 0.709585 0.000007 11 MC F Ad
Gyula 114 Gy 12.1 90.7 0.709659 0.000007 12 MC F Ad
Gyula 114 Gy 13.2 100.9 0.709160 0.000007 13 MC M Ad
Gyula 114 Gy 14.1 95.3 0.709526 0.000023 14 MC M Ad
Gyula 114 Gy 16.1 99.6 0.709458 0.000009 16 MC M Ad
Gyula 114 Gy 17.5 117.8 0.709232 0.000007 17 MC F Ad

Fig. 3. 87Sr/86Sr variation in human teeth over time. Circles¼ Late Neolithic; upward tri-
angles¼ Early Copper Age; squares¼Middle Copper Age; downward triangles¼ Sarmatian;
open hexagons¼ Conquest Period.
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rejected at a 0.05 significance level; however, the low P-value
supports the idea that the 87Sr/86Sr values from the Late Neolithic
and Copper Age display differences in variance. While these results
are not statistically significant they indicate that the Copper Age
sample is less uniform in strontium isotope values than the Late
Neolithic. This lays the groundwork for future isotope work in the
region and helps to identify two major areas that require
attention: 1) a greater sample size of strontium isotope values from
Fig. 2. Local 87Sr/86Sr estimate based on faunal ranges and water.
Neolithic and Copper Age populations is needed and 2) stable
carbon, nitrogen, and oxygen isotope values would greatly add to
the interpretive power of the strontium isotope results.

8. Discussion

The results from this study indicate that strontium isotopes may
prove to be a useful measure of internal change in mobility, diet,
and social organization during the Neolithic and post-Neolithic.
While there is no evidence for significant population movement
such as migration (with the exception of the Conquest Period
burial), there is a noteworthy change in the range of strontium
isotope values between Late Neolithic individuals and Copper Age
individuals on the Great Hungarian Plain. Recent work has high-
lighted the ‘‘transformation’’ that occurred in many aspects of life
from the Late Neolithic to the Early Copper Age (Gyucha et al.,
2006; Parkinson, 2006a,b; Parkinson et al., 2004; Yerkes et al.,
2007). During the Late Neolithic, settlements consisted of large,
nucleated tell sites that were occupied over long periods of time.
Starting in the Early Copper Age, sites increased in number, became
much smaller, and spread out in the landscape. This has been
assumed to indicate an increased level of mobility by Copper Age
populations.

How could these slight changes in mobility affect the range of
a group’s 87Sr/86Sr value? Nicodemus (2003) suggests that
increased mobility and reduced social complexity in the Early
Copper Age led to subsequent changes in subsistence strategy.
Fig. 4. Mean and standard deviation distribution of 87Sr/86Sr in human tooth enamel
in the Neolithic and Copper Age.
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Changes in subsistence strategy, even if the population is still living
in the Great Hungarian Plain, may change the 87Sr/86Sr ratio
recorded in enamel because the relative contribution of each die-
tary source and the concentration of strontium in those sources will
have an effect on the composite human value. Analyses of faunal
remains from Neolithic and Early Copper Age sites in this region
have shown that the Early Neolithic (6000–5000 BC cal.) colonizers
focused on protecting the sheep and goats that they had brought up
from the southwest and did not exploit the abundant local wild
game and potential domesticates (cattle and pigs) (Bartosiewicz,
2005; Nicodemus, 2003; Vörös, 1980). During the Middle and Late
Neolithic periods large game hunting increases dramatically and
‘‘local’’ domestic cattle are more abundant than the ‘‘imported’’
sheep and goats. However, during the Early Copper Age, hunting
declines and a more balanced system of stock raising develops as
the numbers of domestic pigs, sheep and goats increase. The
87Sr/86Sr values for pigs analyzed from Vészt}o-Bikeri show a rela-
tively wide range of values (0.7093–0.7103). Increased use of pigs,
an expansion of swineherd territory, and trade of pigs in the Copper
Age may have resulted in more variable 87Sr/86Sr values.

The use of secondary products such as milk may have also had
an important effect on the 87Sr/86Sr values in Copper Age pop-
ulations. Because of its high calcium content, milk contains more
strontium than other food sources such as meat. Consequently, if
milk products make up a part of the human diet, they will
contribute a greater amount to their 87Sr/86Sr value. It has been
suggested that there was an increase in pastoralism during the
Copper Age. If herds of cattle, sheep, and goat were being kept
longer for secondary products (instead of primarily meat produc-
tion) and grazed over larger geographic ranges, this increase in
grazing lands might be reflected in the 87Sr/86Sr values found in the
animals. In turn, if there was an increase in secondary products
exploitation during the Copper Age, coupled with an intensified
agro-pastoral subsistence strategy (Bartosiewicz, 1999, 2005;
Bökönyi, 1974; Craig et al., 2005; Greenfield, 1988; Sherratt, 1997),
then there would be a subsequent change in the 87Sr/86Sr value in
humans. Preliminary data from this study may express that change
as increased variability in the 87Sr/86Sr values.

Changes in social structure may also have affected the variability
in 87Sr/86Sr values. Parkinson (2003) suggests that there was a shift
in social organization and consequently social processes from the
Late Neolithic to the Early Copper Age. For example, in the Late
Neolithic, he suggests that society was complexly structured as
integrated units that interacted intensively within well-defined
geographical units, such as tells. In contrast, during the Early
Copper Age, society was less complexly structured, units were less
integrated, and those units interacted less intently but over a much
larger geographical area. It is very possible that variability in
87Sr/86Sr values reflects these changes of less resource pooling and
greater interaction over a wide geological range.

9. Conclusions

This study shows that strontium isotopes can be used along with
other lines of evidence to characterize changes in mobility,
subsistence strategy, and social organization during the Neolithic
and Copper Age on the Great Hungarian Plain. While there was no
evidence for non-local individuals in the Neolithic and Copper Age
groups tested, there did exist a difference in the range of 87Sr/86Sr
values between the Late Neolithic and Copper Age, indicating that
changes in how local populations interacted with each other and
the local environment can be identified using strontium isotopes.

Several areas of future research that will further test the appli-
cability of biogeochemical analysis for understanding the eneo-
lithization process in Hungary may be identified. First, more
baseline data are required to clearly discern the meaning of the
broadening of 87Sr/86Sr values. Mobility, subsistence strategy and
social organization are interrelated factors; however, a better
understanding of the causes of variation in 87Sr/86Sr values is
needed before conclusive statements on prehistoric behavior can
be made using strontium isotopes. This will require extensive
isotopic mapping of environmental and dietary variables that
contribute to the prehistoric human strontium value in the region.
Second, the use of other stable isotopes such as carbon, nitrogen,
and oxygen will be a valuable supplement to strontium data.
Carbon and nitrogen will be useful for approximating the relative
contribution of plant and animal sources in Neolithic and Copper
Age prehistoric diets and how they changed over time. Oxygen
isotopes are increasingly used along with strontium to better
characterize levels of mobility (e.g. Budd et al., 2004; Knudson and
Price, 2007).

The most important conclusion that may be drawn from this
study is the great potential for future chemical analysis of prehis-
toric humans in the Great Hungarian Plain. It has been shown in
studies over the past few decades that stable isotopes and trace
elements are an emerging tool for understanding human behavior
in an anthropological context, but in order for the data to be rele-
vant, a large baseline database for human and animal material, as
well as all aspects of the environment, needs to be established.
With an expanded database of stable isotope values for the Great
Hungarian Plain and surrounding regions, it will be possible to
directly investigate proposed changes in prehistoric human
mobility, diet, and social organization during a time of intense
transformations in Central Europe.
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