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Human mitochondrial DNA lineages in Iron-Age Fennoscandia suggest incipient admixture
and eastern introduction of farming-related maternal ancestry
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Material S1. Detailed information about archaeological sites and samples.

Two of the archaeological sites, Levänluhta and Luistari, represent the oldest burial sites with preserved
unburnt human skeletal remains in Finland. Both sites have been the target of extensive archaeological studies.
Levänluhta, a lake burial in Isokyrö, southern Ostrobothnia, has yielded 98 macroscopically well-preserved
skeletons in several excavations conducted over the last 200 years. The grave goods from Levänluhta have
stylistic features from around the Baltic Sea region but the burial cannot be linked to any known settlement or
more distinct archaeological findings. A total of 13 tooth samples from Levänluhta individuals were included
in this study (Table 1).

The Luistari site in Eura is a large burial ground consisting of 400 excavated graves from the Merovingian,
Viking and Crusade Periods in Finland. A total of 25 individuals were included from Luistari, of which five
were assigned to the Merovingian Period, 14 to the Viking Period, and the remaining six roughly to the Crusade
Period, based on artefact datings. The data was further complemented by another Crusade Period burial ground
of Kirkkailanmäki in Hollola, contributing 20 individuals. Two more eastern burial grounds, Kylälahti
Kalmistonmäki in Hiitola (today Khiytola in Russian Karelia) and Tuukkala in Mikkeli, dating from the
Crusade to medieval Periods, provided 18 and 30 individuals, respectively.
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The remains from the Early-Modern period individuals originate from five Christian churchyards: four
individuals from Pälkäne (cemetery of the Church of St. Michael), where the earliest burials date to the 13th
century and the latest ones to the 19th century; eight individuals from Renko (Church of St. Jacob) and nine
from Porvoo (Cathedral site) dated based on the archaeological context to14 th - 18th century; five from Turku
(Julin’s site) dated to 16th - 17th century; nine from Hamina (Ryazan regimental church cemetery) dated to 18 th

century.

Levänluhta
Levänluhta cemetery in Isokyrö, historical province of Osthrobotnia is an exceptional middle Iron-Age (4th to
7th century AD) burial site, because here the burials have been done in water. The prevailing form of burial in
Finland during this time, until the beginning of the Crusade Period (mid-11th century) was cremation.
Levänluhta was probably a pond or a lake during its time of usage. It seems that these individuals were brought
to a remote area, outside the local Iron-Age settlement, to be buried in a very different way than was the norm
1-3.

Luistari
Luistari site in Eura in south-west Finland includes a Bronze-Age settlement site, Iron-Age cremation burial
cairns and a medieval inhumation cemetery. Inhumating began during the Merovingian Period (7th century
AD) and continued at least until the 14th century AD 4, 5. The site has been extensively studied, yielding c. 400
graves dating to Merovingian and Viking Periods and over 800 later, but very few of these have human skeletal
remains 5-7.

Hollola, Kirkkailanmäki
Kirkkailanmäki cemetery in Hollola, historical province of Häme, is dated from 11th to 14th centuries 8-10. The
cemetery has furnished and unfurnished inhumations as well as cremations 8, 11.  The  grave  finds  are  from
Crusade  Period  and  early  medieval  times  and  they  show influences  from several  different  origins:  Eastern
influences in the site are shown by Karelian type of brooches 8, 9 and a Russian type of pendant 8, 9, 12. Southern
influences in the site are shown by an Estonian type of pendant 8, 13 and brooches originating from the southern
side of the Baltic Sea 8, 10, 14. A bird pendant found from one grave is of western Finnish type, but it originates
from Livonia in the modern Latvia 8, 14.

Hiitola, Kylälahti Kalmistonmäki
Kylälahti Kalmistomäki cemetery in Hiitola in the north-western bank of Ladoga Lake shore is in modern day
Russia and dates to Crusade Period and medieval times 15. Field investigations were carried out in 2006–2009
on the Kalmistomäki Hill by an archaeological expedition of the Museum of Anthropology and Ethnography
(Kunstkamera) Russian Academy of Sciences (Saint-Petersburg) in cooperation with the University of Turku
(Finland). The total excavated area amounted to 426 m2. The number of undisturbed burials uncovered was
93, of which 91 are inhumations and two cremations. The number of excavated burials containing grave goods
(n=51) is the largest among all the known cemeteries, including the burial grounds in present-day eastern
Finland and Karelia (see 15).
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Tuukkala
Tuukkala cemetery in Mikkeli is dated from 13th to 15th centuries and it contains both inhumations and
cremation burials. With over 80 inhumation burials, this eastern Finnish burial site is the largest and richest
inhumation cemetery excavated in the area of the historical Savo province 16, 17. Tuukkala cemetery was found
and mainly excavated in 1886, and several excavations have been conducted since then (see 17). Despite the
extensive excavations, no signs of a church have been found and there are arguments for and against the
cemetery being Christian 16, 18. Osteological research has showed signs of severe trauma and exceptionally tall
men 11, 17, 18.  On the basis of the grave goods taller men could have a western origin and the shorter men an
eastern origin 18.

Pälkäne, Church of St. Michael
The medieval stone Church of St. Michael in Pälkäne has been built around the year 1500, but based on the
radiocarbon datings the burial ground has been used already from 13th century 19, 20. During the year 2003 over
fifty burials were excavated 19. Most of these burials were unfurnished, and based on the archaeological context
they are dated to 17th and 18th centuries 19. Osteological analysis revealed that the skeletons show shorter
stature than other post-medieval sites in Finland 11.

Porvoo, Cathedral site
The first wooden church at the Porvoo Cathedral site was built in the middle of 13th century, followed by a
stone church built in the beginning of the 15th century 21.  The cathedral’s burial ground dates from 14th to
18th centuries although the individuals used in this study date most likely to 17th and 18th centuries based on
the burial customs (see 11, 22). Porvoo is situated along the southern coast of Finland and there have been trade
connections and even migration to Porvoo from all over the Baltic Sea, especially from Tallinn and Stockholm
11, 23, 24.

Renko, the Church of St. Jacob
The stone church of St. Jacob in Renko has been built in the beginning of 16th century, although based on the
coins found in the excavations, it has been proposed that site had a wooden church already in the beginning of
the 15th century 25. In the middle of 17th century the stone church was abandoned, but it was renovated and
reintroduced at the end of 18th century 21. In the excavations during 1984 around 70 burials were identified 25.
The most famous historical road, Hämeen Härkätie from Turku to Hämeenlinna passes by Renko and historical
records demonstrates some migration events at the end of 18th century 26. The origin of the immigrants in the
parish is not known, but most likely most came from neighboring provinces.

Turku, Julin’s site
Julin’s site consisted in addition to the Church of the Holy Spirit and its cemetery also a hospital and/or a house
of the poor people. Based on its location, it has been assessed that the cemetery, dated to 16th and 17th centuries
27, was a cemetery for the lower social class. Several excavations have been conducted and several hundreds
of individual burials have been identified (See 11). Julin’s site lies in Turku, which is the first town in Finland
(established at the turn of 13th and 14th centuries).  The population density in Turku has been higher than any
other sites in this research even in the following century and the city has also had most vivid trade and other
contacts across the Baltic Sea.
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Hamina, Ryazan Regimental Church
Ryazan Regimental church in Hamina, on the southeastern coast of Finland, was presumably built by the
Russian army ca. 1744 28. Excavations conducted in this Orthodox cemetery in 2011 found traces of 35
individual burials 28. The cemetery has an exceptional demographic profile with 4 young adult males, likely
soldiers, and rest of the deceased were children less than 7 years old 11, 28.  Based  on  this  bias  it  has  been
proposed that the most probable cause of death for individuals buried in the Ryazan Regimental Church’s
burial ground was infectious disease(s) 28.

Material S2. Example of the OxCal code used to determine the start and end distribution.

Example is presented for Luistari site, for which all ten individuals included in this study were radiocarbon
dated.

Sequence("Luistari")
{
Boundary("Start of Luistari");
Phase("Luistari")
 {
R_Date("Luistari TU620  Hela-3962", 1210, 39);
R_Date("Luistari TU622  Hela-3961", 1199, 39);
R_Date("Luistari TU464  Hela-3968", 915, 34);
R_Date("Luistari TU465  Hela-3954", 1186, 34);
R_Date("Luistari TU471  Hela-3959", 873, 34);
R_Date("Luistari TU472  Hela-3963", 780, 39);
R_Date("Luistari TU473  Hela-3964", 1075, 36);
R_Date("Luistari TU478  Hela-3969", 1015, 36);
R_Date("Luistari TU480  Hela-3967", 839, 28);
R_Date("Luistari TU481  Hela-3973", 804, 34);
Span("Span of Luistari");
Interval("Duration");
};
Boundary("End of Luistari");
 };
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Supplementary Figures S1a-S1g. Phase boundary outputs for each site containing four or
more 14C dates.

Phase boundaries were determined with Oxcal version 4.3 and IntCal 13 as the calibration curve for sites
Levänluhta, Luistari, Hollola, Hiitola, Tuukkala, Pälkäne and Porvoo. Exact values are presented in
Supplementary Table S2.

Supplementary Figure S1a. Phase’s start and end boundaries determined for Levänluhta based on four 14C
datings. The mean value is presented with the circle. Under each individual probability distribution 68.2% and
95.4% rages are shown.

Supplementary Figure S1b. Phase’s  start  and  end  boundaries  determined  for  Luistari  based  on  ten 14C
datings. The mean value is presented with the circle. Under each individual probability distribution 68.2% and
95.4% rages are shown.
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Supplementary Figure S1c. Phase’s start and end boundaries determined for Hollola based on eleven 14C
datings. The mean value is presented with the circle. Under each individual probability distribution 68.2% and
95.4% rages are shown.

Supplementary Figure S1d. Phase’s start and end boundaries determined for Hiitola based on ten 14C
datings. The mean value is presented with the circle. Under each individual probability distribution 68.2%
and 95.4% rages are shown.
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Supplementary Figure S1e. Phase’s start and end boundaries determined for Tuukkala based on four 14C
datings. The mean value is presented with the circle. Under each individual probability distribution 68.2% and
95.4% rages are shown.

Supplementary Figure S1f. Phase’s start and end boundaries determined for Pälkäne based on four 14C
datings. The mean value is presented with the circle. Under each individual probability distribution 68.2% and
95.4% rages are shown.
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Supplementary Figure S1g. Phase’s start and end boundaries determined for Porvoo based on five 14C
datings. The mean value is presented with the circle. Under each individual probability distribution 68.2% and
95.4% rages are shown.
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Supplementary Figures S2a-S2e. Evaluation of the possible sampling bias in the observed
haplogroup frequencies.

To evaluate whether sampling error (i.e., low sample sizes) alone could explain the observed differences in
haplogroup frequencies in Iron-Age and medieval sites, simulation studies were performed by using the
haplogroup frequencies observed in contemporary Finns as a reference (frequencies based on Neuvonen et al.
2015 30). Reference population was sampled N times according to the sample size of the ancient population of
interest with 10000 permutations. Obtained distributions were compared with the observed haplogroup
frequencies. For those haplogroups for which the observed frequency was less than 2.5 % or more than 97.5
% compared to the simulated frequency distribution, the observed frequency couldn’t be explained by the
sampling error alone (these haplogroups marked with red colour).

Supplementary Figure S2a. For Levänluhta frequencies for subhaplogroups U5a and U5b cannot be
explained only by the sampling error.
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Supplementary Figure S2b. For Luistari frequency for subhaplogroup U4 cannot be explained only by the
sampling error.

Supplementary Figure S2c. For Hollola frequency for subhaplogroup U4 cannot be explained only by the
sampling error.
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Supplementary Figure S2d. For Hiitola frequency for subhaplogroup H1 cannot be explained only by the
sampling error.

Supplementary Figure S2e. For Tuukkala observed haplogroup frequencies could be explained by the
sampling error.
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Supplementary Figure S3. Median-joining Network for ancient and contemporary Finns. Haplotype
based median-joining network for ancient and contemporary Finns constructed based on HVR1+HVR2 data.
Contemporary Finns obtained from Palo et al. 2009 29 and Neuvonen et al. 2015 30. Iron Age and Medieval
south-west = blue, Iron Age and Medieval East = red, Early modern and modern = yellow, contemporary
south-west = dark green and contemporary north-east = light green.
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Supplementary figure S4. PCA biplot based on mitochondrial haplogroup frequencies with main
loading vectors. Ancient populations presented in this study (green): Levänluhta, Luistari, Hollola, Hiitola,
Tuukkala and Early modern and modern Finns (EMM). Contemporary populations (blue): north-east Finland
(FinNE), south-west Finland (FinSW), Saami (SAA). Ancient populations (red): Andronovo culture (AND),
Baltic Bronze-Age (BAB), Siberian Bronze-Age (BASi), Scandinavian Bronze-Age (BASc), Bell Beaker
culture (BBC), Siberian Early Metal Period (BOO), Catacomb culture (CAT), Comb ceramic culture Baltic
(CCCB), Crete Minoans (CRE), Corded Ware culture (CWC), Baltic Corded Ware Culture (CWCB), Baltic
hunter-gatherers (HGB), central European hunter-gatherers (HGC), eastern hunter-gatherers (HGE),
Scandinavian hunter-gatherers (HGSc), south European hunter-gatherers (HGSo), Denmark Iron-Age (IAD),
Germany Iron-Age (IAG), Kazakhstan Iron-Age (IAK), Poland Iron-Age (IAP), Germany Middle-Neolithic
(MNG), southern Europe Middle-Neolithic (MNS), Scandinavian Neolithic (NSc), Scythians from Russia
(SCR), Scythians from Moldova and Ukraine (SCU), Srubnaya culture (SRU), Tagar culture (TAG), Unetice
culture (UNC), Scandinavian Viking-Age (VASc), Sweden Viking-Age (VASw) ,Yamnaya culture (YAM).
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Supplementary Figure S5. The impact of small sample sizes on PCA. PCA was run with the observed
ancient and modern data (as in Fig. 4 in the main article) as well as with fifty random samples (N=15 in each)
drawn from contemporary a) northeastern (N = 443), b) southeastern (N = 389) Finns. Black dots denote the
locations of these random samples. The scattering of these dots reveal substantial effect of limited sample sizes
on the PCA. Blue asterisks: contemporary northeastern Finns (FinNE), southwestern Finns (FinSW) and
Saami, green dots: ancient populations presented in this study (Levänluhta, Luistari, Hollola, Hiitola, Tuukkala
and Early modern and modern Finns (EMM)); red dots: other ancient populations.
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