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Introduction 
Defining the extent and patterns of human mobility during the European Bronze Age is a topic that has 
recently received a lot of attention using genetic and isotopic approaches (e.g., Bickle et al. 2011; 
Cavazzuti et al. 2019; Irrgeher et al. 2012; Knipper et al. 2017; Olalde et al. 2018; Parker Pearson et al. 
2016). Similarities in material culture and burial customs across broad geographic regions, such as the 
Bell Beaker, Corded Ware and Tumulus culture, indicate that, at a minimum, ideas were traveling across 
extensive social networks. A growing number of isotopic case studies have identified high percentages of 
non-locals in Bronze Age burial contexts, although how many people moved and who migrated (men, 
women, children) varies regionally. 

In this study we ask: To what extent did human movement (vs local processes) in Hungary contribute to 
these emerging Bronze Age patterns of social organization? And, if mobility is present, can we use
isotopic data (δ18O, δ13C, 87Sr/86Sr), in conjunction with archaeological, radiocarbon, osteological, and 
aDNA data, to better elucidate the types of mobility being practiced?

To address these questions, a large research team has worked to collect multiple lines of complementary 
data from human inhumation burials from 14 sites from throughout Hungary. These sites span several 
phases of the BA (see Table below)--a period of 1000 years. For each phase of the BA we sought to test 
specific hypotheses about where migrants could have come from and what types of mobility were 
practiced.
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Methods
Enamel samples from mostly 1st, 2nd and 3rd molars were mechanically cleaned and dental powder was removed 
using a diamond drill bit attached to a Dremel tool. The samples were chemically cleaned by soaking in a 2% 
bleach solution (NaOCl) to remove organic contaminants (13 hours), followed by a 0.1 M acetic acid (CH3CO2H) 
leach for 4 hours to remove non-structural carbonates. Samples were then freeze dried.

Sr isotopes:

Five milligrams of each sample were weighed and digested in an under-class 10 clean laboratory at the Yale Metal

Geochemistry Center at Yale University. Samples were chemically processed using a prepFAST-MC automated

strontium purification system. The 87Sr/86Sr isotopic ratio was measured using a Thermo-Finnigan Multi-Collector

ICP-MS (NEPTUNE), and corrected for mass bias using 88Sr/86Sr = 8.375209. The routine measurement of the

NBS-987 standard obtained 0.71034 ± 0.00012.

Carbon and Oxygen isotopes:

Approximately 1.0 mg of each sample was weighed on a microbalance at the Earth Systems Center for Stable

Isotopic Studies at Yale University. The samples were analyzed in a Thermo MAT 253 mass spectrometer equipped

with a KIEL IV automated carbonate sampling device. The samples were corrected with calcium carbonate

standards in the VPDB scale.
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Preliminary Findings 
• Strontium Isotopes:

• Most individuals fall within expected isotopic ranges for their geographical location, however a 
sizeable group exhibits values above and below local estimates (indicating multi-direction 
movement). These outliers are associated with the EBA Bell Beaker sites and some of the MBA 
sites/culture groups. 

• Oxygen Isotopes
• All data points fall within the modern seasonal range of O values for the Carpathian Basin (-3 

to -12‰); however, the sample exhibits a lot of variability given that the values are from bulk 
enamel samples which should reflect an average over multiple seasons. 

• Surprisingly, Sr outliers do not correlate with more positive or negative O isotope data.
• Carbon Isotopes

• Most data are consistent with a diet based on C3 plants with some outliers.

Mobility trends: pretty common, all age and sex categories participated, multi-directional  

Culture
Geographic 
Distribution

Time 
Period

Burial 
Custom

Archaeological 
Site

Human 
Burials

Samples 
taken

Fauna
Possible 

Geographic/Cultural 
Connections

Bell Beaker Across Europe EBA
(2500-2200 
BC)

Inhumation/C
remation

Budapest-
Békásmegyer

3 4 NW along Danube: Austria, 
Czech Republic, Bavaria 
(Corded Ware Culture)

Southern 
Hungary/Romania/Balkans: 
Somogyvár/Proto-Nagyrév, 
Early Maros

Budakalász-Csajeszke 4 4

Szigetszentmiklós-
Felső-ürgehegyi-dűlő

4 5

Vatya Transdanubia/ 
East GHP

MBA Urn 
cremations

Érd-Hosszúföldek 12 28 28

Kelebia 6 10

Kisapostag/
Encrusted 
Pottery 
Culture

Transdanubia Late EBA-
Mid MBA
(2200-1900 
BC)

Inhumation/C
remation

Balatonkeresztúr-Réti-
dűlő

7 7 Pottery: Middle Dneiper
(Ukraine, Belarus). 

Burial position: Northern 
Europe.

Bonyhád-Biogáz üzem 8 8 1

Kaposvár-61. út/12, 
14. lh.

6

Szakony 1 1

Emőd István-major 2 2

Győr-Ménfőcsanak-
Széles-földek

6 6

Füzesabony Northern GHP MBA-Early 
LBA

Inhumation Füzesabony-
Pusztaszikszó

2 4 12

Polgár-Kenderföld-
Homokdűlő

8 12 5

Tumulus Austria, Germany, 
Carpathian Basin

LBA
(1600–1500 
BC) 

Inhumation Jánoshida 10 10 1 Southern Germany.

Totals 73 101 53

Early Bronze Age  -- Bell Beaker

Samples

Mobility? No    Dietary difference? Yes

Element
Isotopes 

measured

Scientific 

notation

Skeletal tissue 

analyzed

Dietary 

source
Mechanism

Strontium 87Sr/86Sr 87Sr/86Sr
Tooth enamel 

(carbonate)

Food, water, 

atmosphere

Radiogenic Sr is produced by radioactive decay from 87 

Rubidium; 87Sr/86Sr varies depending on the age and 

source of the underlying geology in a given region

Oxygen 18O/16O δ18O
Tooth enamel 

(carbonate)
Water

δ18O values in meteoric water become increasingly

negative at higher altitudes, higher latitudes, and 

greater distances from the coast due to preferential 

rainout of the heavier isotope during precipitation

Carbon 13C/12C δ13C
Tooth enamel 

(carbonate)
Food

Differing photosynthetic pathways in C3 plants (most grain, 

fruits, vegetables) and C4 plants (millet) results in distinct δ13C 

values, which are then passed onto mammals with an 

enrichment of approximately 14‰. Geographic and climatic 

variability can also result in δ13C differences.

Late Bronze Age -- Tumulus

Érd

Balatonkeresztúr

Mobility? Overall, yes, but depends on the context

Adult, male

Adult, female

Unidentified

Male

Female

Child
(from Price et al. 2004)

Local fauna
Local human bone

Danube river

Mean of fauna 
and bone ±2SD

M1    M2    M3

0.7080

0.7090

0.7100

0.7110

0.7120

0.7130

8
7 S

r/
8

6 S
r

Budapest-
Békásmegyer

Szigetszentmiklós-
(Felső-ürgehegyi-dűlő, -Üdülősor, 

Csepel-Vizcsö II)

Budakalász-
Csajeszke

172 428 452 445 432a 193 626 49 50 176 1 13 3 M0 5 M0 457 Burial ID

• Mobility pretty common: Individual movement was relatively 
common and happened throughout the EBA (not a single 
wave of migration).

• Everyone participated: Most regions studied to date (Britain, 
Central Europe, Austria) do not show age or sex differences 
(except S. Germany).

• Multidirectional: All regions show outliers above and below 
the estimated local range (although a majority seem to be 
associated with higher—or more radiogenic--values).

• Sr values from loess landscapes are homogenous and 
generally range from 0.709-0.710 (Price et al. 2004; Knipper
et al. 2016, Alt et al 2014, Bickle et al 2011). 

• Possible sources of movement: Lower Sr values found in the 
region surrounding Lake Balaton (Alt et al. 2014); Higher Sr 
values found NW of the Pannonian Basin (Price et al. 2004). 

Middle Bronze Age 

Local 

samples

0.708

0.709

0.710

0.711

0.712

0.713

8
7 S

r/
8

6 S
r

Pit: B-938

S-19 S-16S-15 S-17 S-18

Balatonkeresztúr-Réti-dűlő

S-14 S-20

M1    M2    M3

Adult, male

Subadult, male

Subadult, female

Local plants, 
water 

(from Alt et al. 2014)

Mean ±2SD

aDNA

Burial ID

Site Culture Funerary Context Isotopic Conclusion

Balatonkeresztúr-Réti-dűlő Encrusted Pottery Culture Everyone local

Érd-Hosszúföldek Vatya Pit burials unusual 
(cremation the norm)

Lots of non-locals

Polgár-Kenderföld-
Homokdűlő

Füzesabony Lots of non-locals

0.708

0.709

0.710

0.711

0.712

0.713

8
7 S

r/
8

6
Sr

 

68136 106/116 80 237 98 137

Adult, male

Adult, female

Local fauna
Local human 

bone

Mean of fauna 
and bone ±2SD

M1    M2    M3

Polgár-Kenderföld-Homokdűlő

Burial ID127

Polgár-Kenderföld-Homokdűlő

Unetice pit burial types

0.708

0.709

0.710

0.711

0.712

0.713

8
7
Sr

/8
6 S

r 

Janoshida-Berek

3013b 61 140 157 182 21025 272

Adult, male

Adult, female

Subadult

Local fauna
Local human 

bone

Mean of fauna 

and bone ±2SD

M1    M2    M3    Pm

Burial ID

0.7080

0.7085

0.7090

0.7095

0.7100

0.7105

0.7110

0.7115

0.7120

8
7
Sr

/8
6
Sr

-15.0

-13.0

-11.0

-9.0
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-5.0

-3.0
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W

δ13C ‰ (apatite) VPDB

100% C3 energy 100% C4 energy

Local samples 
from throughout 
Hungary (n=97): 
0.7088 -0.7104

Future Directions
• Building an isoscape for biologically available strontium using 

modern plant samples (with careful consideration of 
contamination from modern inputs like fertilizer).

• Analysis of strontium isotopes from cremated human bone 
from Middle Bronze Age groups.
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• Mobility: Sr and O isotope data are consistent with local 
estimates and are less variable than earlier BA phases for 
both isotopes. It is important to note that large areas of 
central Europe exhibit similar Sr and O isotope ranges, so 
these data do not entirely rule out movement. 

• Diet: The C isotope data were the most variable for 
Janoshida. A C4 dietary source such as millet may have 
played a more important role in  the subsistence strategy for 
these individuals.-15.0
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General Trends


