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The Beaker phenomenon and the genomic
transformation of northwest Europe
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From around 2750 to 2500 !", Bell Beaker pottery became widespread across western and central Europe, before
it disappeared between 2200 and 1800 !" . The forces that propelled its expansion are a matter of long-standing
debate, and there is support for both cultural diffusion and migration having a role in this process. Here we present
genome-wide data from 400 Neolithic, Copper Age and Bronze Age Europeans, including 226 individuals associated with
Beaker-complex artefacts. We detected limited genetic affinity between Beaker-complex-associated individuals from
Iberia and central Europe, and thus exclude migration as an important mechanism of spread between these two regions.
However, migration had a key role in the further dissemination of the Beaker complex. We document this phenomenon
most clearly in Britain, where the spread of the Beaker complex introduced high levels of steppe-related ancestry and
was associated with the replacement of approximately 90% of BritainOs gene pool within a few hundred years, continuing
the east-to-west expansion that had brought steppe-related ancestry into central and northern Europe over the
previous centuries.

During the third millennium!" , two new archaeological pottery styleancient DNA libraries for sequences overlapping 1,233,013 single
expanded across Europe and replaced many of the more localized stylgsotide polymorphisms (SNPs), and generated new sequence
that had preceded themThe expansion of the OCorded Ware-cotata from 400 ancient Europeans dated to between approximately
plexd in north-central and northeastern Europe was associated4¥iét® and 800# excavated from 136 different sitexiended Data
people who derived most of their ancestry from populations relafEbles 12; Supplementary Table 1; Supplementary Information
to Early Bronze Age Yamnaya pastoralists from the Eurasian®tépsection 2). This dataset includes 226 Beaker-complex-associated
(henceforth referred to as Osteppe®). In western Europe there viagdividuals from Iberiaif= 37), southern Franca € 4), northern
equally expansive OBell Beaker complex®, defined by assembltdg$ef 3), Sicily (= 3), central Europen= 133), the Netherlands
grave goods that included stylized bell-shaped pots, copper dagffers9) and Britain = 37), and 174 individuals from other ancient
arrowheads, stone wristguards and V-perforated butiisended populations, including 118 individuals from Britain who lived both
Data Fig. L The oldest radiocarbon dates associated with Beaker fgsifore (= 51) and afterr(= 67) the arrival of the Beaker complex
tery are from around 2730#in Atlantic Iberi&, which has been inter (Fig. 1a, p For genome-wide analyses, we filtered out first-degree
preted as evidence that the Beaker complex originated in this regielatives and individuals with low coverage (fewer than 10,000 SNPs)
However, the geographic origins of this complex are still debatetievidence of DNA contamination (Methods) and combined our
and other scenariosNincluding an origin in the Lower Rhine aredgta with previously published ancient DNA dextended Data

or even multiple independent originsNare possible (Supplementdrig. 9 to form a dataset of 683 ancient samples (Supplementary
Information section 1). Regardless of geographic origin, by!250@# Table 1). We merged these data with those from 2,572 present-day
Beaker complex had spread throughout western Europe and northiegividuals genotyped on the Affymetrix Human Origins attdy
Africa and had reached southern and Atlantic France, Italy and cenagell as with 300 high-coverage gendin@s facilitate the inter
Europ@, where it overlapped geographically with the Corded Wapeetation of our genetic results, we also generated 111 direct radio
complex. Within another hundred years, it had expanded to Britaiarbon datesHxtended Data Table Supplementary Information

and Ireland. A major debate in archaeology has revolved around gegtion 3).

question of whether the spread of the Beaker complex was mediated by

the movement of people, culture or a combination of badenome- Y-chromosome analysis

wide data have revealed high proportions of steppe-related ancestii Y-chromosome composition of Beaker-complex-associated males
Beaker-complex-associated individuals from Germany and the Cz&els dominated by R1b-M269 (Supplementary Table 4), which is a lineage
Republié®4 which shows that these individuals derived from mixtur@ssociated with the arrival of steppe migrants in central Europe after
of populations from the steppe and the preceding Neolithic farmer$600# >3, Outside Iberia, this lineage was present in 84 out of 90 ana
Europe. However, a deeper understanding of the ancestry of pelysked males. For individuals for whom we determined the R1b-M269
associated with the Beaker complex requires genomic characterizatititype = 60), we found that all but two had the derived allele for the
of individuals across the geographic range and temporal duratiodrd0-S116/P312 polymorphism, which defines the dominant subtype

this archaeological phenomenon. in western Europe tod&y By contrast, Beaker-complex-associated
individuals from the Iberian Peninsula carried a higher proportion of
Ancient DNA data Y haplogroups known to be common across Europe during the earlier

To understand the genetic structure of ancient people associated Nithlithic period*1516, such as In= 5) and G21f= 1); R1b-M269 was
the Beaker complex and their relationship to preceding, subsequentfand in four individuals with a genome-wide signal of steppe-related
contemporary peoples, we used hybridization DNA captite enrich ancestry, and of these, the two with higher coverage could be classified

Alist of authors and their affiliations appears at the end of the paper.
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Figure 1| Spatial, temporal and genetic structure of individuals in ¢, #Principal component analysis of 990 present-day west Eurasian

this study.a, Geographic distribution of samples with new genome-wideindividuals (grey dots), with previously published (pale yellow) and
data. Random jitter was added for sites with multiple individuals. Map new ancient samples projected onto the first two principal components.
data from the R package OmbpaPproximate time ranges for samples  This figure is a close-up Bktended Data Fig. 38ee Methods for

with new genome-wide data. Sample sizes are given next to each bar. abbreviations of population names.

Principal component 1

as R1b-S116/P312. The widespread presence of the R1b-S116/R&ft-gatherers, one maximized in Neolithic individuals from the
polymorphism in ancient individuals from central and western Europievant and Anatolia, and one maximized in Neolithic individuals from
suggests that people associated with the Beaker complex may havegdradnd present in admixed form in steppe populatidbgénded
an important role in the dissemination of this lineage throughout md3ata Fig. 3p
of its present-day distribution. Both principal component analysis and ADMIXTURE are powerful
tools for visualizing genetic structure, but they do not provide formal
Spread of people associated with the Beaker complex tests of admixture between populations. We grouped Beaker-complex-
We performed principal component analysis by projecting the anciassociated individuals on the basis of geographic proximity and genetic
samples onto the genetic variation in a set of west Eurasian presensitajarity (Supplementary Information section 6), and used qpAdm
populations. We replicated previous findifbsf two parallel clines, directly test admixture models and estimate mixture proportions. We
with present-day Europeans on one side and present-day Neadelled their ancestry as a mixture of Mesolithic western European
Eastern populations on the oth&xtended Data Fig. Bdndividuals hunter-gatherers, northwestern Anatolian Neolithic farmers and Early
associated with the Beaker complex are notably heterogeneRroaze Age steppe populations; the first two of these contributed to the
within the European cline along an axis of variation defined by Eahcestry of earlier Neolithic Europeans. We find that in areas outside
Bronze Age Yamnaya individuals from the steppe at one extreme afnidberia, with the exception of Sicily, a large majority of the Beaker-
Middle Neolithic and Copper Age Europeans at the other extregmmplex-associated individuals that we sampled derive a considerable
(Fig. 1cExtended Data Fig. Bl his suggests that genetic differentiportion of their ancestry from steppe populatioRg( 23. By contrast,
ation among Beaker-complex-associated individuals may be relatdtderia such ancestry is present in only 8 of the 32 individuals that we
to variable amounts of steppe-related ancestry. We obtained gualalysed; these individuals represent the earliest detection of steppe-
tatively consistent inferences using ADMIXTURE model-baseslated genomic affinities in this region. We observed differences in
clustering”. Beaker-complex-associated individuals harboured thraecestry not only at a pan-European scale, but also within regions and
main genetic components: one characteristic of European Mesoligen within sites. For instance, at Szigetszentmikl—s in Hungary, we
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Figure 2| Investigating the genetic makeup of Beaker-complex- LBK_EN) computed for European populations (number of individuals for
associated individualsa, Proportion of steppe-related ancestry (in black)each group is given in parentheses) before the emergence of the Beaker
in Beaker-complex-associated groups computed with gFAdrder the complex (Supplementary Information section 7). Error bars represgnt
model OSteppe_EBA#natolia_ N¢#¥WHGO (WHG, Mesolithic western  standard errorsc, Testing different populations as a source for the
European hunter-gatherers). The area of the pie is proportional to the Neolithic ancestry component in Beaker-complex-associated individuals.
number of individuals (number shown if more than one). Map data from The table showB values? indicates values 0.05) for the fit of the

the R package Omdpd@tatistics of the forrfiy(Mbuti, test; Iberia_EN, model: OSteppe_EBANeolithic/Copper Aged source population.

found roughly contemporary Beaker-complex-associated individualster-gatherers in an admixture graph framework, we replicate these
with very different proportions (from 0% to 75%) of steppe-relategsults and show that they are not driven by different proportions of
ancestry. This genetic heterogeneity is consistent with early staghamter-gatherer admixtureExtended Data Fig; Supplementary
mixture between previously established European Neolithic populaformation section 7). Our results suggest that a portion of the
tions and migrants with steppe-related ancestry. One implicationaofcestry of the Neolithic populations of Britain was derived from
this is that even at local scales, the Beaker complex was associatechigigmts who spread along the Atlantic coast. Megalithic tombs docu
people of diverse ancestries. ment substantial interaction along the Atlantic fasade of EldHpe
Although the steppe-related ancestry in Beaker-complex-associated our results are consistent with such interactions reflecting south-
individuals had a recent origin in the &stthe other ancestry to-north movements of people. More data from southern Britain and
componentNfrom previously established European populationsieland and nearby regions in continental Europe will be needed to
could potentially be derived from several parts of Europe, becaudlg understand the complex interactions between Britain, Ireland
groups that were genetically closely related were widely distriouaed the continent during the NeolitHit
during the Neolithic and Copper Age€d11618923 Tg gbtain insight ~ The distinctive genetic signatures found in the Iberian populations
into the origin of this ancestry component in Beaker-complewho preceded the arrival of Beaker complex, when compared-to con
associated individuals, we looked for regional patterns of gen&tioporary central European populations, enable us to formally test
differentiation within Europe during the Neolithic and Copper Agdor the origin of the Neolithic-related ancestry in Beaker-complex-
We examined whether populations pre-dating the emergence of éissociated individuals. We grouped individuals from Iberia32)
Beaker complex shared more alleles with Iberian (Iberia_EN)amd from outside Iberian(= 172) to increase power and evaluated
central European Linearbandkeramik (LBK_EN) Early Neolithtbe fit of different Neolithic and Copper Age groups with gp&dm
populations Fig. 2B. As previously describ&diberian Middle under the model: OSteppe_EBMEolithic/Copper Aged. For Beaker-
Neolithic and Copper Age populations, but not central and northecomplex-associated individuals from Iberia, the best fit was obtained
European populations, had genetic affinities with Iberian Easshen Middle Neolithic and Copper Age populations from the same
Neolithic farmersFig. 2. These regional patterns could partiallyegion were used as the source for their Neolithic-related ancestry; we
be explained by differential genetic affinities to pre-Neolithic huntereuld exclude central and northern European populations as sources
gatherer individuals from different regici¢Extended Data Fig)4 of this ancestryR< 0.0063) Fig. 2¢. Conversely, the Neolithic-
Neolithic individuals from southern France and Britain are alselated ancestry in Beaker-complex-associated individuals outside
significantly closer to Iberian Early Neolithic farmers than they asélberia was most closely related to central and northern European
to central European Early Neolithic farmesd. 2§, consistent Neolithic populations with relatively high hunter-gatherer admixture
with a previous analysis of a Neolithic genome from Iréfamgy (for example, Poland_LNP= 0.18 and Sweden_MR3z= 0.25), and
modelling Neolithic populations and Mesolithic western Europeare could significantly exclude Iberian sourdes 0.0104) Fig. 2¢.
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These results support mostly different origins for Beaker-complex- Genome-wide V-chromosome
associated individuals, with no discernible Iberia-related ancestry a”ée_ftr_y ComPO'g‘r:znemal haplogroup

. . ritain
outside of Iberia. B oithic ™ Beaker complex 1220 R1D

4000 Bc

Nearly complete turnover of ancestry in Britain

The genetic profile of British Beaker-complex-associated individ
uals 1= 37) shows strong similarities to that of central European
Beaker-complex-associated individudstended Data Fig) 3This
observation is not restricted to British individuals associated with the
OAll-Over-Cordd Beaker pottery style that is shared between Britaigsgigk
central Europe: we also find this genetic signal in British individu

als associated with Beaker pottery styles derived from the OMaritime®
forms, which were predominant earlier in Iberia. The presence of
large amounts of steppe-related ancestry in British Beaker-complex-
associated individual&ig. 2 contrasts sharply with Neolithic indi
viduals from Britainif= 51), who have no evidence of steppe genetic
affinities and cluster instead with Middle Neolithic and Copper Ageoo sc
populations from mainland Europ&xtended Data Fig).3A previ

ous study showed that steppe-related ancestry had arrived in Irelaag o
by the Bronze Adé here we show that, at least in Britain, it arrived
earlier in the Copper Age (which, in Britain, is synonymous with the
Beaker period).

Among the continental Beaker-complex groups analysed in our data
set, individuals from Oostwoud, the Netherlands, are the most closely
related to the large majority of Beaker-complex-associated individuals
from southern Britainig= 27). The two groups had almost identical
steppe-related ancestry proportiofdg. 23, the highest level of shared
genetic drift Extended Data Fig. $land were symmetrically related
to most ancient populationg&ktended Data Fig. Bavhich shows that
they are likely derived from the same ancestral population with limited
mixture into either group. This does not necessarily imply that the
Oostwoud individuals are direct ancestors of the British individuals,
but it does show that they were closely related genetically to the
populationNperhaps yet to be sampledNthat moved into Britain from
continental Europe. 2000 sc

We investigated the magnitude of population replacement in
Britain with qpAdn? by modelling the genome-wide ancestry of
Neolithic, Copper and Bronze Age individuals, including Beaker-
complex-associated individuals, as a mixture of continental Beaker-
complex-associated samples (using the Oostwoud individualasassc
a surrogate) and the British Neolithic population (Supplementary
Information section 8). During the first centuries after the initial-con
tact, between approximately 2450 and 20Q@&hcestry proportions
were variableNig. 3, which is consistent with migrant communities
just beginning to mix with the previously established British Neolithic
population. After roughly 2000# individuals were more homo
geneous and possessed less variation in ancestry proportions and
a modest increase in Neolithic-related ancedtig.(3. This could
represent admixture with persisting British populations with hi Late Bronze
levels of Neolithic-related ancestry or, alternatively, with incoming e Age
continental populations with higher proportions of Neolithic-related®° * 0% 25% 50% 75% 100%

ancestry. In either case, our results imply a minimum &f 2% _. . o . .
Y Py Ifl;ure 3| Population transformation in Britain associated with the

Neolithic

Copper Age and
Early Bronze Age

Middle Bronze
Age

g:H)OO BC

local population t_urnover_ by_ t.he Middle Bronze Age (ap.prOX'mate rival of the Beaker complexModelling Neolithic, Copper and Bronze
1500D1000#), with no significant decrease observed in 5 samp (including Beaker-complex-associated) individuals from Britain as a
from the Late Bronze Age. Although the exact turnover rate afkwure of continental Beaker-complex-associated individuals (red) and
its geographic pattern await refinement with more ancient-sage Neolithic population from Britain (blue). Each bar represents genome-
ples, our results imply that for individuals from Britain during andide mixture proportions for one individual. Individuals are ordered

after the Beaker period, a very high fraction of their DNA derivesonologically and included in the plot if represented by more than

from ancestors who lived in continental Europe before 245@#% 100,000 SNPs. Circles indicate the Y-chromosome haplogroup for male
independent line of evidence for population turnover comes frafslividuals.

uniparental markers. Whereas Y-chromosome haplogroup R1b was

completely absent in Neolithic individuals<{ 33), it represents more Neolithic Britain (Supplementary Table 3), suggests that both men
than 90% of the Y chromosomes in individuals from Copper aadd women were involved in this population turnover.

Bronze Age Britainn(= 52) (Fig. 3. The introduction of new mtDNA  Our ancient DNA transect-through-time in Britain also enabled us to
haplogroups, such as I, R1a and U4, which were present in Bedkaak the frequencies of alleles with known phenotypic effects. Derived
complex-associated populations from continental Europe but notatieles at rs168919823hC45A2nd rs12913832 HERC2/OCA2
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which contribute to reduced skin and eye pigmentation in EuropeaBsitain today. These results are notable in light of strontium and
considerably increased in frequency between the Neolithic period amgigen isotope analyses of British skeletons from the Beaker and
the Beaker and Bronze Age peridgsténded Data Fig).7The arrival Bronze Age period$ which have provided no evidence for substantial
of migrants associated with the Beaker complex therefore markedbpility over individualsO lifetimes from locations with cooler climates
altered the pigmentation phenotypes of British populations. Howewarfrom places with geologies atypical of Britain. However, the isotope
the lactase persistence allele at SNP rs4988P3% iemained at very data are only sensitive to first-generation migrants and do not rule out
low frequencies across this transition, both in Britain and continentabvements from regions such as the lower Rhine area or from other
Europe, which shows that the major increase in its frequency occugedlogically similar regions for which DNA sampling is still sparse.

within the last 3,500 yeafs>. Further sampling of regions on the European continent may reveal
additional candidate sources.
Discussion By analysing DNA data from ancient individuals, we have been able

The term OBell Beaker® was introduced by late-nineteenth- and @aplpvide constraints on the interpretations of the processes underly
twentieth-century archaeologists to refer to a distinctive pottery stiylg cultural and social changes in Europe during the third millennium
found across western and central Europe at the end of the NeolithicOur results motivate further archaeological research to identify the
that was initially hypothesized to have been spread by a genetichiyiges in social organization, technology, subsistence, climate, pop
homogeneous population. This idea of a OBeaker FolkO became uihgtogn size¥' or pathogen exposLi@® that could have precipitated
ular after the 1960s as scepticism grew about the role of migratioiédemographic changes uncovered in this study.
mediating change in archaeological cultéteslthough even at the
time27 it was speculated that the expansion of the Beaker complex ?ﬂ'@e Content Methods, along with any additional Extended Data display items and
Britai ioni dicti hat h b b oirce Data, are available in the online version of the paper ; references unique to
ritain was an exceptionNa prediction that has now been borne @idte sections appear only in the online paper.
by ancient genomic data.
The expansion of the Beaker complex cannot be described by aRsagived 8 May 2017; accepted 4 January 2018.
ple one-to-one mapping of an archaeologically defined material cultBuglished online 21 February 2018.
to a genetically homogeneous population. This stands in contrast to
other archaeological complexes, notably the Linearbandkeramik fatm gzet?reszux J-k;n( /ch‘i;nt El:(rloppely %?go E-C- to 3-3-)12;)25 QSSE(récgd?pedia of the
arbarian \Wworld (eds Boguckl, P. . rabtree, P. J. arles
ers of central Europgthe Early Bronze Age Yamnaya of the s@ppe ¢ i8¢ sons. 200)
andNto some extentNthe Corded Ware complex of central and eastern Haak, w. et al. Massive migration from the steppe was a source for Indo-
Europé&3. Our results support a model in which cultural transmission European languages in Europe. Nature 522, 2079211 (2015).
and human migration both had important roles, with the relative bat ?gsgfgéh(ﬂz'olzis? al. Population genomics of Bronze Age Eurasia.  Nature 522,
an(_:e 'Of these two processes de_pendl_ng'o_n the region. In |be“a¢!.t_hﬂathieson, I. etal. Genome-wide patterns of selection in 230 ancient
majority of Beaker-complex-associated individuals lacked steppe affini Eurasians. Nature 528, 4999503 (2015). _ o
ties and were genetically most similar to preceding Iberian populatio'?“ls.ng*b";z%j';' J. Similar But Dilerent. Bell Beakers in Europe {(Adam Mickiewicz
a niv., .

In central Europe, stgppe-relgted_ ancestry was_ W|deSpread and W& Cahrdoso, J. L. Absolute chronology of the Beaker phenomenon north of the
exclude a substantial contribution from Iberian Beaker-complex- Tagus estuary: demographic and social implications.  Trab. Prehist. 71, 56D75

i indivi ! 14).
?.SSOCIateI(tj) InijVIqug!S:dHOVIVE\(Ijer, the presencs of Steppfel relz?\ted Ia't?c?eStﬁ unesse, C. The dogma of the Iberian origin of the Bell Beaker: attempting its
In some Iberian individuals demonstrates that gene flow Into Iberia geconstruction. J. Neolit. Archaeol. 16, 1580166 (2015).
was not uncommon during this period. These results contradict iBi  Fokkens, H. & Nicolis, F. Background to Beakers. Inquiries into Regional Cultural
tial suggestions of gene flow into central Europe based on analysis ﬁz‘g\fo&m\’f &Iﬁi‘fﬁiigfﬁféﬁ%ﬂﬁf S(?r:dtﬁlsrté’frﬁ"sr?rﬁ)m o Europe?

28 . . , MLV, [

mtDNA28 and dental morpholody. In particular, mtDNA haplogroups  Antiquity 81, 3439352 (2007).
H1 and H3 were proposed as markers for a Beaker-complex expansionu, Q. et al. An early modern human from Romania with a recent Neanderthal

originating in Iberi&s, yet H3 is absent among our Iberian Beakelri incestt?r- lNaturT 2241 21?19219 (2015). ) —
CompleX'aSSOCiated individua|S. . azaridis, |. et al. Ancient human genomes suggestt ree ancestral popu ations

. for present-day Europeans. Nature 513, 409413 (2014).

In other parts of Europe, the expansion of the Beaker complex was azaridis, 1. et al. Genomic insights into the origin of farming in the ancient
driven to a substantial extent by migration. This genomic transforma Near East. Nature 536, 4199424 (2016).
tion is clearest in Britain owing to our densely sampled time transégt. Vallick S. etal. The Simons Genome Diversity Project: 300 genomes from

. . B .. 42 diverse populations. Nature 538, 2019206 (2016).
The arrival of people associated with the Beaker complex precipitatedawverde, L. et al. New clues to the evolutionary history of the main European
a demographic transformation in Britain, exemplified by the-pres pateral lineage M269: dissection of the Y-SNP S116 in Atlantic Europe and
ence of individuals with large amounts of steppe-related ancestry gftefo"a Eur.J. Hum. Senet 20, 437048t (2010). .
. s . Gamba, C. et al. Ancient DNA from an Early Neolithic Iberian population

2_45(_)# -_We considered the possibility that an uneven geograpnicC sypports a pioneer colonization by !rst farmers. Mol Ecol. 21, 45956
distribution of samples may have caused us to miss a major popula(2012). ' . .
tion that lacked steppe-derived ancestry after 2456tbwever, our 16. GYnther, T. et al. Ancient genomes link early farmers from Atapuerca in

" PP y . . pain to modern-day Basques. Proc. Natl Acad. Sci. USA112, 11917911922
British Beaker and Bronze Age samples are dispersed geographicallyfbo; s).
extending from the southeastern peninsula of England to the WestetnAlexander, D. H., Novembre, J. & Lange, K. Fast model-based estimation of
Isles of ScotlandNand come from a wide variety of funerary contexts aﬂces:]fyk'h g“f?'alteg Il}dl\[(;du?:ﬁ: GenomefReS-t?v 16?591;3;3‘{‘1(2209)- '

. - - . . rousnaki, . etal. early Neolithic genomes from the eastern rertile Crescent.
(rivers, caves, pits, barrows, cists and flat graves) and diverse fu r!é?a@{:ience 353, 499D503 (2016).
traditions (single and multiple burials in variable states of anatomical skoglund, P. et al. Genomic diversity and admixture di‘ers for Stone-Age
articulation), which reduces the likelihood that our sampling missed glcalzd"]avkar} firagers and famterS-, SCernce |34f4, 747Df?50 ('aoéft)-

H H H HH H alde, I. etal. A common genetic origin tor early farmers from Mediterranean
maj_or popu'latlons. We also COhSIered the p055|b|I|_ty that dlfferépﬂ Cardial and central European LBK cultures.  Mol. Biol. Evol. 32, 31323142
burial practices between local and incoming populations (cremation (2015).
versus inhumation) during the early stages of interaction could result hMathi/c;Zon, I /et al. Th? genomic history O(f sout?eastem Europe.  Nature
; ; ; R s iy o B ttps://doi.org/10.1038/nature25778 2018).

Ina sampllng bla_S aga_unst local individuals. AIthou_g_h itis possﬂz’g_e Lipson, M. et al. Parallel palaeogenomic transects reveal complex genetic
that such a sa_m_pllng bias makes the ancestry tran3|t|or_1 appear mMor@istory of early European farmers.  Nature 551, 3689372 (2017).

sudden than it in fact was, the long-term demographic effect WascCassidy, L. M. etal. Neolithic and Bronze Age migration to Ireland and
clearly substantial, as the pervasive steppe-related ancestry observé aé’g?g’?;g{g)f the insular Aiantic genome.  Proc. Natl Acad. Sci. USA113,
during the Beaker period, which was absent in the Neolithic perigg, sheridan, J. A. In Landscapes in Transition (eds Finlayson, B. & Warren, G.)

persisted during the Bronze AgeNand indeed remains predominant in 899105 (Oxbow, 2010).
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METHODS Abbreviations. We have used the following abbreviations in population labels:
No statistical methods were used to predetermine sample size. The experinggiitarly; M, Middle; L, Late; N, Neolithic; CA, Copper Age; BA, Bronze Age; BC,
were not randomized and the investigators were not blinded to allocation durBegker complex; N_lberia, northern Iberia; C_Iberia, central Iberia; SE_Iberia,
experiments and outcome assessment. southeast Iberia; and SW_Iberia, southwest Iberia.
Ancient DNA analysis We screened skeletal samples for DNA preservationfnincipal component analysisWe carried out principal component analysis on
dedicated clean rooms. We extracted Bf®&%nd prepared barcoded next-the HO dataset using the Osmartpcad program in EIGERS@FFomputed
generation sequencing libraries, the majority of which were treated with uragiincipal components on 990 present-day west Eurasians and projected ancient
DNA glycosylase (UDG) to greatly reduce the damage (except at the termimividuals using Isqproject:YES and shrinkmode:YES.
nucleotide) that is characteristic of ancient D& (Supplementary Information ADMIXTURE analysis We performed model-based clustering analysis using
section 4). We initially enriched libraries for sequences overlapping the mitochaBMIXTURE?’ on the HO reference dataset, which included 2,572 present-day
drial genomé® and approximately 3,000 nuclear SNPs, using synthesized hiaiiéviduals from worldwide populations and the ancient individuals. First, we
(CustomAvrray) that we PCR-amplified. We sequenced the enriched materiatarried out linkage disequilibrium pruning on the dataset using PEIMi¢h
an lllumina NextSeq instrument witH 276 cycles, and! 27 cycles to read out the the flagbindep-pairwise 200 25 0.4, leaving 306,393 SNPs. We ran ADMIXTURE
two indice€’. We merged read pairs with the expected barcodes that overlappewitly the cross validation (Bcv.) flag specifying fkom2 toK = 20 clusters, with
at least 15 bases, mapped the merged sequences to the human reference @hmpkcates for each valudof-or each value & the replicate with highest log
hg19 and to the reconstructed mitochondrial DNA consensus sedtiesosy  likelihood was kept. IExtended Data Fig. 3ke show the cluster assignments at
the Osamsed command in bwa $?pahd then removed duplicated sequence& = 8 of newly reported individuals and other relevant ancient samples fer com
We evaluated DNA authenticity by estimating the rate of mismatching to the cparison. We chose this valuekoés it was the lowest one for which components
sensus mitochondrial sequefit@nd also by requiring that the rate of damage af ancestry related both to Iranian Neolithic farmers and European Mesolithic
the terminal nucleotide was at least 3% for UDG-treated libfaeed 10% for hunter-gatherers were maximized.
non-UDG-treated librarie¥. f-statistics We computed-statistics on the HOIIl dataset using ADMIXTOGES

For libraries that appeared promising after screening, we enriched in tmith default parameters (Supplementary Information section 6). We used
consecutive rounds for sequences overlapping 1,233,013 SNPs (01,240k SNPDsipt with f4Amode:Yes féstatistics and qp3Pop for outgrofsstatistics. We
ture@®)° and sequenced 276 cycles and!27 cycles on an lllumina NextSeq50@omputed standard errors using a weighted block jackRmifer 5-Mb blocks.
instrument. We bioinformatically processed the data in the same way as folrference of mixture proportions We estimated ancestry proportions on the
mitochondrial capture data, except that this time we mapped only to hg19 &@ill dataset using gpAdfand a basic set of nine outgroups: Mota, Ust_Ishim,
merged the data from different libraries of the same individual. We further evdlA1, Villabruna, Mbuti, Papuan, Onge, Han and Karitiana. For some analyses
ated authenticity by looking at the ratio of X-to-Y chromosome reads and estinf8upplementary Information section 8) we added additional outgroups to this
ing X-chromosome contamination in males based on the rate of heteroz&josibasic set.
Samples with evidence of contamination were either filtered out or restricted\timixture graph modelling. We modelled the relationships between pop
sequences with terminal cytosine deamination in order to remove sequencesutladions in an Admixture Graph framework with the software qpGraph
derived from modern contaminants. Finally, we filtered out samples with fewerADMIXTOOLS*, using the HOIIl dataset and Mbuti as an outgroup
than 10,000 targeted SNPs covered at least once and samples that were first-(fgppéementary Information section 7).
relatives of others in the dataset (keeping the sample with the larger numb@ailefe frequency estimation from read countdVe used allele counts at each
covered SNPs) (Supplementary Table 1) from our genome-wide analysis dat8s®.to perform maximum likelihood estimations of allele frequencies in ancient
Mitochondrial haplogroup determination. We used the mitochondrial capture populations as in red. In Extended Data Fig, We show derived allele frequency
.bam files to determine the mitochondrial haplogroup of each sample with restimates at three SNPs of functional importance for different ancient populations.
data, restricting our analysis to sequences with MABQ and base quality30. Data availability. All 1,240k and mitochondrial capture sequencing data are avail
First, we constructed a consensus sequence with samtools and #cfisilg a  able from the European Nucleotide Archive, accession nURREEB2363Fhe
majority rule and requiring a minimum coverage of two. We called haplogrougenotype dataset is available from the Reich Laboratory welbgifgsadtreich.
with HaploGrep2” based on phylotré® (mtDNA tree build 17 (accessedhms.harvard.edu/datasets
18 February 2016)). Mutational differences, compared to the revised Cambridge
Reference Sequence (GenBank reference sequence: NC_012920.1)-and3gorBebney, J. et al. Complete mitochondrial genome sequence of a Middle
sponding haplogroups, can be viewed in Supplementary Table 2. We computedPleistocene cave bear reconstructed from ultrashort DNA fragments. Proc. Natl
haplogroup frequencies for relevant ancient populations (Supplementary TablseSS)écad' Sci. USAL0, 15758D15763 (2013). . .

. . . . "Damgaard, P. B. et al. Improving access to endogenous DNA in ancient bones

after removing close re.latlves with the same mtDNA. and teeth, Sci. Rep.5, 11184 (2015).
Y-chromosome analysisiVe determined Y-chromosome haplogroups for botlg  korlevie, P.et al. Reducing microbial and human contamination in
new and published samples (Supplementary Information section 5). We madeDNA extractions from ancient bones and teeth.  Biotechniques 59, 87993
use of the sequences mapping to 1,240k Y-chromosome targets, restricting ou015).
analysis to sequences with mapping qualiBp and bases with quality30. We 37. Rohland, N., Harney, E., Mallick, S., Nordenfelt, S. & Reich, D. Partial uracilD

L " - DNABglycosylase treatment for screening of ancient DNA.  Philos. Trans. R. Soc.
called haplogroups by determining the most derived mutation for each sample, '/ "5 370, 20130624 (2015).

using the nomenclature of the International Society of Genetic Genebtpo¥/ (35 Briggs, A. W. et al. Removal of deaminated cytosines and detection of i vivo
www.isogg.orpversion 11.110 (accessed 21 April 2016). Haplogroups and their methylation in ancient DNA.  Nucleic Acids Res. 38, e87 (2010).
supporting derived mutations can be viewed in Supplementary Table 4. 39. Maricic, T., Whitten, M. & P $%o, S. Multiplexed DNA sequence capture of
Merging newly generated data with published daté/e assembled two data mitochondrial genomes using PCR products.  PLoS ONES, e14004 (2010).
sets for genome-wide analyses. The first dataset is HO, which includes 2&75icher. M., Sawyer, S. & Meyer, M. Double indexing overcomes inaccuracies in
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Extended Data Figure 1Beaker-complex artefacts, OAll-Over-Cord® barrow, Soria, Spa‘?h The set includes Beaker pots of the so-called
Beaker from Bathgate, West Lothian, Scotland. Photograph: © NationalOMaritime styleO. Photograph: Junta de Castilla y Le—n, Archivo Museo
Museums Scotlandb, Beaker-complex grave goods from La Sima lll Numantino, Alejandro Plaza.
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Extended Data Figure BPopulation structure.a, Principal component  with K= 8 showing ancient individuals. WHG, western hunter-gatherers;
analysis of 990 present-day west Eurasian individuals (grey dots), with EHG, eastern hunter-gatherers; SHG, Scandinavian hunter-gatherers;
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the first two principal componentb, ADMIXTURE clustering analysis N, Neolithic; CA, Copper Age; and BA, Bronze Age.
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Extended Data Table 1 | Sites from outside Britain with new genome-wide

data reported in this study

Approx. date

Site N Country
range (BC)
Brandysek 12 2900-2200 Czech Republic
Knézeves 2 2500-1900 Czech Republic
Lochenice 1 2500-1900 Czech Republic
Lovosice I 1 2500-1900 Czech Republic
Moravska Nova Ves 4  2300-1900 Czech Republic
Prague 5 - Mala Ohrada 1 2500-2200 Czech Republic
Prague 5, Jinonice 14 2200-1700 Czech Republic
Prague 8, Kobylisy, Ke Stirce Street 12 2500-1900 Czech Republic
Radovesice 13 2500-2200 Czech Republic
Velké Pfilepy 3 2500-1900 Czech Republic
Clos de Roque, Saint Maximin-la-Sainte-Baume 3  4700-4500 France
Collet Redon, La Couronne-Martigues 1 3500-3100 France
Hégenheim Necropole, Haut-Rhin 1 2800-2500 France
La Fare, Forcalquier 1 2500-2200 France
Marlens, Sur les Barmes, Haute-Savoie 1 2500-2100 France
Mondelange, PAC de la Sente, Moselle 2 2400-1900 France
Rouffach, Haut-Rhin 1 2300-2100 France
Sierentz, Les Villas d'Aurele, Haut-Rhin 2 2600-2300 France
Villard, Lauzet-Ubaye 2 2200-1900 France
Alburg-Lerchenhaid, Spedition Haring, Bavaria 13 2500-2100 Germany
Augsburg Sportgelande, Augsburg, Bavaria 6  2500-2000 Germany
Hugo-Eckener-StraBe, Augsburg, Bavaria 3 2500-2000 Germany
Irlbach, County of Straubing-Bogen, Bavaria 17 2500-2000 Germany
Kinzing-Bruck, Lkr. Deggendorf, Bavaria 3 2500-2000 Germany
Landau an der Isar, Bavaria 5 2500-2000 Germany
Manching-Oberstimm, Bavaria 2 2500-2000 Germany
Osterhofen-Altenmarkt, Bavaria 4 2600-2000 Germany
Unterer Talweg 58-62, Augsburg, Bavaria 2  2500-2200 Germany
Unterer Talweg 85, Augsburg, Bavaria 1 2400-2100 Germany
Weichering, Bavaria 4 2500-2000 Germany
Worms-Herrnsheim, Rhineland-Palatinate 1 2500-2000 Germany
Budakalasz, Csajerszke (MO Site 12) 2 2600-2200 Hungary
Budapest-Békasmegyer 3 2500-2100 Hungary
Mezd8csat-Horcsdgos 4 3400-3000 Hungary
Szigetszentmiklés-Udtilésor 4 2500-2200 Hungary
Szigetszentmiklos,Felsd Urge-hegyi dilé 6 2500-2200 Hungary
Pergole 2, Partanna, Sicily 3 2500-1900 Italy
Via Guidorossi, Parma, Emilia Romagna 3 2200-1900 Italy
Dzielnica 1 2300-2000 Poland
Iwiny 1 2300-2000 Poland
Jordanow Slaski 1 2300-2200 Poland
Kornice 4 2500-2100 Poland
Raciboérz-Stara Wie$ 1 2300-2000 Poland
Samborzec 3  2500-2100 Poland
Strachow 1 2000-1800 Poland
Zerniki Wielkie 1 2300-2100 Poland
Bolores, Estremadura 1 2800-2600 Portugal
Cova da Moura, Torres Vedras 1 2300-2100 Portugal
Galeria da Cisterna, Aimonda 2  2500-2200 Portugal
Verdelha dos Ruivos, District of Lisbon 3 2700-2300 Portugal
Arroyal |, Burgos 5 2600-2200 Spain
Camino de las Yeseras, Madrid 14 2800-1700 Spain
Camino del Molino, Caravaca, Murcia 4 2900-2100 Spain
Humanejos, Madrid 11 2900-2000 Spain
La Magdalena, Madrid 3  2500-2000 Spain
Paris Street, Cerdanyola, Barcelona 10 2900-2300 Spain
Virgazal, Tablada de Rudron, Burgos 1 2300-2000 Spain
Sion-Petit-Chasseur, Dolmen XI| 3 2500-2000 Switzerland
De Tuithoorn, Oostwoud, Noord-Holland 11  2600-1600 The Netherlands

ARTICHa{==23{>|



(N==XNEl ARTICLE

Extended Data Table 2 | Sites from Britain with new genome-wide data reported in this study

Approx. date
range (BC)
2500-2200 Great Britain
2500-1300 Great Britain
3400-3100 Great Britain
2300-1800 Great Britain
2200-2000 Great Britain
1700-1600 Great Britain
1600-1300 Great Britain
1800-1600 Great Britain
2500-2300 Great Britain
3700-2000 Great Britain
2500-1800 Great Britain
3600-3400 Great Britain
1400-1300 Great Britain
2300-1900 Great Britain
2500-1900 Great Britain
3600-2900 Great Britain
2500-1800 Great Britain
3800-3600 Great Britain
3700-3500 Great Britain
2500-1800 Great Britain
2000-1800 Great Britain
2100-1600 Great Britain
1900-1700 Great Britain
2000-1600 Great Britain
2500-1800 Great Britain
3600-3400 Great Britain
2200-1300 Great Britain
2500-1900 Great Britain
1100-900 Great Britain
2100-2000 Great Britain
2500-1700 Great Britain
2400-1600 Great Britain
1900-1700 Great Britain
2100-1700 Great Britain
2800-2500 Great Britain
2200-2000 Great Britain
1700-1500 Great Britain
4000-3300 Great Britain
2000-1700 Great Britain
2300-2000 Great Britain
3700-3400 Great Britain
2400-2000 Great Britain
2400-2000 Great Britain
2300-2000 Great Britain
2500-1900 Great Britain
2000-1800 Great Britain
2500-2100 Great Britain
2400-2100 Great Britain
3500-3400 Great Britain
2100-800 Great Britain
1000-800 Great Britain
3800-3400 Great Britain
1800-1600 Great Britain
2300-1900 Great Britain
2100-1900 Great Britain
3500-3100 Great Britain
3300-2300 Great Britain
1600-1500 Great Britain
1500-1300 Great Britain
1300-1000 Great Britain
4000-3800 Great Britain
1400-1300 Great Britain
3700-3100 Great Britain
3100-2900 Great Britain
4000-2900 Great Britain
2500-2100 Great Britain
2000-1500 Great Britain
2300-2000 Great Britain
3700-3500 Great Britain
3700-3400 Great Britain
3800-3600 Great Britain
3400-3100 Great Britain
1600-800 Great Britain
1700-1600 Great Britain
1400-1200 Great Britain
3100-2900 Great Britain
3800-3600 Great Britain

Site

=4

Country

Abingdon Spring Road cemetery, Oxfordshire, England
Amesbury Down, Wiltshire, England

Banbury Lane, Northamptonshire, England

Barrow Hills, Radley, Oxfordshire, England

Barton Stacey, Hampshire, England

Baston and Langtoft, South Lincolnshire, England
Biddenham Loop, Bedfordshire, England

Boscombe Airfield, Wiltshire, England

Canada Farm, Sixpenny Handley, Dorset, England
Carsington Pasture Cave, Derbyshire, England

Central Flying School, Upavon, Wiltshire, England
Cissbury Flint Mine, Worthing, West Sussex, England
Clay Farm, Cambridgeshire, England

Dairy Farm, Willington, England

Ditchling Road, Brighton, Sussex, England

Eton Rowing Course, Buckinghamshire, England
Flying School, Netheravon, Wiltshire, England
Fussell's Lodge, Salisbury, Wiltshire, England

Lesser Kelco Cave, Giggleswick Scar, North Yorkshire, England
Hasting Hill, Sunderland, Tyne and Wear, England
Hexham Golf Course, Northumberland, England

Low Hauxley, Northumberland, England

Melton Quarry, East Riding of Yorkshire, England
Neale's Cave, Paington, Devon, England

Nr. Ablington, Figheldean, England

Nr. Millbarrow, Wiltshire, England

Over Narrows, Needingworth Quarry, England

Porton Down, Wiltshire, England

Raven Scar Cave, Ingleton, North Yorkshire, England
Reaverhill, Barrasford, Northumberland, England

River Thames, Mortlake/Syon Reach, London, England
Staxton Beacon, Staxton, England
Summerhill,Blaydon, Tyne and Wear, England

East Kent Access (Phase Il), Thanet, Kent, England
Totty Pot, Cheddar, Somerset, England

Trumpington Meadows, Cambridge, England

Turners Yard, Fordham, Cambridgeshire, England
Upper Swell, Chipping Norton, Gloucestershire, England
Waterhall Farm, Chippenham, Cambridgeshire, England
West Deeping, Lincolnshire, England

Whitehawk, Brighton, Sussex, England

Wick Barrow, Stogursey, Somerset, England

Wilsford Down, Wilsford-cum-Lake, Wiltshire, England
Windmill Fields, Stockton-on-Tees, North Yorkshire,England
Yarnton, Oxfordshire, England

Aberdour Road, Dunfermline, Fife, Scotland
Achavanich, Wick, Highland, Scotland

Boatbridge Quarry, Thankerton, Scotland

Clachaig, Arran, North Ayrshire, Scotland

Covesea Cave 2, Moray, Scotland

Covesea Caves, Moray, Scotland

Distillery Cave, Oban, Argyll and Bute, Scotland
Doune, Perth and Kinross, Scotland

Dryburn Bridge, East Lothian, Scotland

Eweford Cottages, East Lothian, Scotland

Holm of Papa Westray North, Orkney, Scotland
Isbister, Orkney, Scotland

Leith, Merrilees Close, City of Edinburgh, Scotland
Longniddry, Evergreen House, Coast Road, East Lothian, Scotlan
Longniddry, Grainfoot, East Lothian, Scotland
Macarthur Cave, Oban, Argyll and Bute, Scotland
Pabay Mor, Lewis, Western Isles, Scotland

Point of Cott, Orkney, Scotland

Quoyness, Orkney, Scotland

Raschoille Cave, Oban, Argyll and Bute, Scotland
Sorisdale, Coll, Argyll and Bute, Scotland

Stenchme, Lop Ness, Orkney, Scotland

Thurston Mains, Innerwick, East Lothian, Scotland
Tulach an t'Sionnach, Highland, Scotland

Tulloch of Assery A, Highland, Scotland

Tulloch of Assery B, Highland, Scotland

Unstan, Orkney, Scotland

Culver Hole Cave, Port Eynon, West Glamorgan, Wales
Great Orme Mines, Llandudno, North Wales

North Face Cave, Llandudno, North Wales

Rhos Ddigre, Llanarmon-yn-lal, Denbighshire, Wales

Tinkinswood, Cardiff, Glamorgan, Wales
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Extended Data Table 3 | 111 newly reported radiocarbon dates

Sample Date Location gounrt]r);q o
&z zech Re
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P 3882143 B (3700- . PSUAMS-2843 Prague 8 Koby s;’ Ke Stirce Street Czech Republic
3322 %%32‘%323 gg}gg g;ggfgg Bg' ESUAMS:2844 Drague 8. Ko 3¥ sy! Ke Stirce Street Czech i‘w” c
_ 1+ ’ : i epublic
4887 2201-2039 calBC (3730+20 BP, PSUAM§-2845 gragﬂg g, ﬁo bylisy, ﬁg g{ :gg g’ggg{ gégg: Republic
4888 2190—2029 calBC (3700+20 BP, PSUAMS-2846 Jrag 8 KU ;y ;y, Re Stirce Street gzech Republic
4889 2281-2062 calBC (3765+20 BP, PSUAMS'SS% Prague & Kg 3y S;y, Ke Stirce Sireot Ezech Republic
4891 2281-2062 calBC (3765+20 BP, PSUAMS- ot Dragug & Ko 3y sy, <6 Sliroe Slroot &zech Republic
4593 15544508 ARG RAe=20 BE. PSUAME-ggSS praguie . Kobylisy: Ke Stircs Street Czech Republic
4893 44494348 calBC (5550+20 BP, PSUAMS-; Prag & Ku ;y ;y, 6 Slirce Sireot gzeon Hepublo
I St R vt N e g ciEE pehe
4302 6354818 CAIBG (5880520 BP PSUAMS. 2535 Glos de Hoque, Saint Maximin-la- Sainte-Baume France
304 49577448 SRR (2890232 BE: PRUAMS 5558 Clos de Roque; Saint Maximin-la-Sainte-Baume France
303 47764280 30 BP! PSUAMS. 2260 Clos de Roque, Saint Maximin-la-Sainte-Baume France
4303 4778-4586 calBG (5820+3 , G o . Saint Meadrmin a- France
139% %132_1234712 ca:gg ggggigg El’; M@L'\JAEMQSE‘%%%):I; Vilﬁga?g I?z:{l]}zetE (¥ gye ' France
387. — cal . - I ) % Fiance
3953 %399_%?23 cgigg 2512%32 BP, B%Af\\A'\SA% 518 53 3 Xilll)%[l%-ll__g#:iz[nggia ,eSpedition Haring, Stkr. Straubing, Bavaria ~ Germany
3590 35_2140 : IBC (3802226 BP, BRAMS-1217 Alburg-Lerchenhaid, Spedition Haring, Stkr. Straubing, Bavaria Germany
3299 232 CE’lIBC 3844+33 BP, BRAMS-1218 Alburg-Lerchenhaid, Spedition Haring, Stkr. Straubing, Bavaria Germany
017 24802508 caIBC 3855135 BP, Poz-84458 Augsburg Sportgelande. Augsburg,g varia Germany
2950 st T BP, BRAMS-1£19) Ilbach, County of Straubing-Bogen, Bavaria Germany
2559 By 2hay calbs (hezaras P, Poz-84553 Osterhofen-Altenmarkt, Bavaria. Germany
So6n 537175344 CalBS 3900+08 BP' MAMS-25074 Unterer Talweg 58-62, Augsburg, Bavaria Germany
E00aa8 " 54642510 calbs 3909128 BP, MAMS-29075 Unterer Talweg 58-62, Augsburg, Bavaria Germany .
Bade . basa o4y calgg ggggfga BP, SUERC-7100: Achavaniah. Wik Highlana. Scotiand Great Britain
555 15 530 1728 BP, SUERC-BQQ?S; Amesbury Down, Wiltshire, England Great Britain
5476 aaas caIEg 353 30 BP! Beta-432804) mesbury Down, Wiltshire, Englan Great Britain
Save 53 2034 C (3730430 BP' NZA 32484 Amesbury Down, Wiltshire, England Great Britain
Saae 803 503e caIEC 3734155 BP' NZA-39490 Amesbury Down, Wiltshire, England Great Britain
5288 57957053 o2 +30 BP) NZA-32494 Amesbury Down, Wiltshire, England Great Britain
5418 54320550 SAlRe 3664_25 BP, NZA-32788 Amesbury Down, Wiltshire, England Great Britain
Sase 242 ora) ARy 3833138 BP, OxA-13562 Amesbur¥ Down, Wiltshire, England Great Britain
547 542775390 AIBC (3800230 BP. SUEHG 58410 Amesbury Down, Wiltshire, England Great Britain
Sac0 55 qa9) +27 BP, SUERC-53041 Amesbury Down, Wiltshire, England Great Britain
5459 29552980 ca:gg 3353_30 BP, SUERC-54823 Amesbury Down, Wiltshire, England Great Britain
2433 21oa 3080 caIBC} 3594225 BP, BRAMS-1230 Carsington Pastlre Cave, Brassington, Derbyshire, England Great Britain
3988 25163381 o 55 BP! SUERG-68711 Clachaig, Arran, North Ayrshire, Scotland Great Britain
Sae0 S o 48433239PBS'UEHC~68715 ) Coveseg’Cave Moray; Scotland Great Britain
o86s 9% 858 SaIBG (7ags BP. SUERC-68716, Covesea Cave 2, Moray, Scotland Great Britain
T e A 2757?3933 BP, SUERC-69070) Covesea Cave 2, Moray, Scotland Great Britain
130 G100 ;38 55 BP, SUERC-68713 Covesea Caves, Moray, Scotland Great Britain
p S asecaRe B ?4229 BP, SUERC-68714 Covesea Caves, Moray, Scotland Great Britain
%ﬁgg g]ggﬁ?g&a IcE;zn‘l:B & 700230 BP, Beta-444979) Dairy Farm, WiHIng%on, Eng ang gﬁggg Emgm
E i illii n itai
Seo9 S CaIBC %ﬁfg? BF %%52304%53 02 Biasltl Ie':rergé\ygl 5‘§a?1"’ArSy Bnd Bute, Scotland Great Britain
Ser0 3761_3643 caIBc 4631+29 BP, SUERC-68703 Distillery Cave, Oban, Argyll and Bute, Scotland Great Britain
528? g?égzgggg GaIBG (4881x25 BP| SUERG-687 Distillery Cave, OBbam Arggll and BIIEJte,IS:gtIand 8{32% Eﬁgm
- itchli i ex, Engla itai
S&0a 35313372 calgg 2;?&% EE gng-R - Etlgzr? “F?c?w?r%a%ou;?e %rl].fckilrlmsshaﬁ‘lshf?e, England Great Britain
9% s 3344227 BP, OxA-1 Great Orme, Llandudno, Norgl Wales Great Britain
A2 17301532 ca:EC 56 BP’ SGERO-BZ 72) Great Orme. Llandudno, North Wales Great Britain
53173 ;iét;ggg gngg ggggigg BP. Poz-83492; Hasting Hill, Sunderland, Tyne kz]mdI Wdeaé, Elnglgnd ggggg Emgm
: nd, Englan itai
Son 2o 3361 alRg 35g(1)¢gg BE' E&ZE-%?&%%MO tllganegpFgc;fa(\:f\?gétsrea’yNﬁc;trt#%r?(Lgy Scofland Great Britain
2o3e i) caigg " 7433 BP' SUERG-6664 Holm of Papa Westray North. Orkney, Scotland Great Britain
5620 30383380 oa C 4??:4136 BP, SUERC-68642 Holm of Papa Westray North, Orkney, Scotland Great Britain
%gg? gggg:gggg ggIEC 2525§36 BP, SUERC-68643 Holm of Papa Westray North, Orkney, Scotland greag Emg:g
2630 2580-2463 calBC (3999+32 BP, SUERC-68632 ister, 8rkney, gcgg gﬂg G'r_ggt Britain
2932 2570-2347 calBC (3962+29 BP, SUERGC-68721 ister, Orkney, S(: gareat Britain
2933 3010-2885 calBC (4309+29 BP, SUERC-68722 vister, Orkney, S‘ég; g:_:z great Britain
2035 3335-3011 calBC (4451+29 BP, SUERC-68723 shister, rkney, s Sroat Britain
3085 3338-3026 calBC (4471+29 BP, SUERC-68724 ister, 8Fkﬂgy, sggl gﬂg Great Britain
2978 3335-3023 calBC (4464+29 BP, SUERC-68725 ister, o ey, : Great Britain
2979 3333-2941 calBC (4447+29 BP, SUERC-68726 vister, Orkn v, ch.g{ g:_:z el il
2034 3338-3022 calBC (4466+33 BP, SUERC-SQg_T/I : :::, Orl:kln'lgy, gootiand Great Britain
ggg; %88?:%;83 ggigg g%ggigg BE SHEESZS%M Macarthur Cav‘é', Oban, ADrgyII ang Blljte,d Scotland glr_ggg EF:E::R
: - ! i n, Englan itai
2949 1250 3476 calBG (4315520 BE 8&;&%25)51 3) u?alll?illsbgfar;sﬁ F\ﬁ:ﬂ é?bndurﬁl\a’oMbnkl%n Wiltshire, England Great Britain
3980 o a0s B e i BE 3 Paint of Cott, Orkney, Scotland ' Great Britain
278 37003005 A (488093 8- BUERCRROTY ot of €51 Oriney: 8E5uand great Sriain
! y reat Britain
B 3 97_2933 caigg 47%$ 0 BE ggﬁf‘f SB%%%S 9333".‘333 garbgeébacnmb\a%?/ll and Bute, Scotland Great Britain
3138 3o GAIBE (466530 BP’ PRUAMS 2069 Raschoille Cave, Oban. Argyll and Bute, Scotland Great Britain
3133 30893307 CalBG (4755450 BP' PSUAMS-2154 Raschoille Cave, Qban, Argyll and Bute, Scotland Great Britain
59 a7 caIBg 4730595 BP' PSUAMS 2135 Raschoille Cave, Oban, Argyll and Bute, Scotland Great Britain
Sia8 35032925 GalBC (4415225 BP, PSUAMS-2158 Raschoille Cave, Oban, Argyll and Bute; Scotland Great Britain
3830 eea a9t GaIBE (3513:35 BP' 0z-83498) Summerhill, Blaydon, Tyne and Wear, England Great Britain
5034 $703 3634 2 1x34 BP, SUERC-68638 Tulach an t'Sionnach, Highland, Scotland Great Britain
Sa3a 300 33as caIBg 2986237 BP, SUERC-68639 Tulloch of Assery A, Highland, Scotland Great Britain
5o 32025047 calb 911232 BP, SUERC-68634 Tulloch of Assery B; Highland, Scotland Great Britain
5553 385 2040 calBe 3‘7(150'35 BP, P0z-83404 West Deeping, Lincolnshire, England Great Britain
Saas e 2099 calna i35 BP Pog_83407 Yarnton, Oxfordshire, England Great Britain
B4 139t calgg gggthS BP’ PRUAMS. 336) Yarnton, Oxfordshire, England Great Britain
5786 24582209 GAIBG (3850235 BP! Poz-83639 Szigetszentmikigs-Fels6-Urge hegyi dilo Hungary
5;39 5429:558? ggIBC 3840+35 BP, P0z-83640 Szigetszentmiklos-Felso-Urge hegyi d(ilo nuRgng
2741 2457—2153 calBC (3835+35 BP, P0z-83641 Szigetszentmikls-Felsd-Urge hegyi d(ilé gla% o y
6531 2286-2038 calBC (3755+35 BP, Poz-86947 Dzielnica Bone
6579 2335—2046 calBC (3780+35 BP, Poz-75954 Iwiny Roland
6534 2456-2149 calBC (3830+35 BP, Poz-75936 ﬁorn!ce pojand
6582 3432057 calBC (3 35 BP, Poz-7. orng:e » Roland
4251 2431-2150 calBC (3825+25 BP, PSUAMS-2321 Samborzec Foland
4252 2285-2138 calBC (3780+20 BP, PSUAMS-2338 Samborzec 1 pojang
4253 2456-2207 calBC (3850+20 BP, PSUAMS-2339 Sam%ollzec 1 pjand
6538 20081765 calBC (3545+35 BP, Poz-8! Straqkpw_ i g
6583 2289-2050 calBC (3770+30 BP, P0z-65207 Zerni (l] ﬂf ie Poranel
4229 2288-2134 calBC (3775+25 BP, PSUAMS-1750) Cova al Boura S
0462 2566—-2345 calBC (3950+26 BP, MAMS-259(‘1}62) érroy:l aelilégo\?eseras Madrid Shamn
4247 2464-2210 calBC (3870+30 BP, PSUAMS-2 0; Camg 0 PRl Shain
583 B0 Shas ale 3875:%8 EE I\F'/I?QLI\j/I/sSMQS -2:‘;5720 Pgmslr\]sotre%taCerdanyolé Barcelona Spain
Oao5 Bara 5308 calpd (3070x P, MAMS-25939 Paris Street, Cerdanyola, Barcelona Spain
8352 gggtgﬁgg ggigg 087528 BP Paris Street, Cgrdanyolgi Earcgl?_lna" y ?ﬁgi& i o
068 2131-1951 calBC , PS - De Tuithoorn, Oostwoud, Noord-Hollan
1076 1882—1750 calBC (3490+20 BP, PSUAMS-2319 De Tuithoorn, Onstwnﬂcdi, oord:HoIIang ¥m
4+ -




