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The important Viking Age and early Medieval site of Sebbersund in northern Jutland, Denmark, contains
a large churchyard from the 11the12th century AD. Sebbersund was an important trading center in this
period and the location of one of the ﬁrst churches in Denmark, perhaps an entry point for the introduction of Christianity to the country. Excavations have exposed almost 500 graves of an estimated 700
individuals in the cemetery. Here we report on the analysis of strontium isotopes in human tooth enamel
from burials in the cemetery as a signal of place of birth. Some 19 samples have been measured and at
least three non-local outliers identiﬁed. Futhermore, six archaeological fauna samples had been analyzed
in order to deﬁne the local bioavailable strontium isotope baseline range and these values were
compared to the more general bioavailable baseline range values for Denmark. The burials are evaluated
in light of the available archaeological, chronological, anthropological, and isotopic information.
Ó 2012 Elsevier Ltd. All rights reserved.
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1. Viking Sebbersund
The former Viking site of Sebbersund lies on a small headland,
adjacent to its modern counterpart, in the eastern Limfjord in
northern Jutland, Denmark (Fig. 1). From about AD 700 to 1100 this
place was an important trading and handicraft center in the Viking
world, peaking after AD 1000. At that time the western end of the
Limfjord was open to the North Sea and offered a shorter and safer
passage to the Kattegat to the east, without exposure to the dangers
of the passage around Skagen, the northernmost tip of Denmark.
Furthermore, a channel (Sløjen) connected the Limfjord with Skagerrak. This would have been the preferred route from the Limfjord
to Norway and England. Indeed, the location and the ﬁnd material
from archaeological excavations indicate that trade and handicraft
production were the mainstays of the site. It was apparently
a seasonal place, with only a very small permanent settlement, if
any (Christensen and Johansen, 1992; Nielsen, 2004, 2008, 2011).
This is further attested by the complete absence of long houses,
which otherwise denote typical Danish villages in that period.
Thus, the archaeological evidence points to Sebbersund as an
important trading place in northern Denmark with overland
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contact to the rest of the country and overseas contact to Norway,
Sweden, England and the European continent. Furthermore, with
one of the earliest churches in Denmark, Sebbersund may have
been an entry point for Christianity coming from England or
continental Europe into Scandinavia. We thus found it of interest to
investigate whether Sebbersund was mainly a trading place run by
non-locals, or rather was a location where a local populace
concentrated, probably seasonally. To investigate further the
evidence for trade in both commercial goods and religious faith, we
examined the human remains interred at Sebbersund in terms of
place of origin by means of strontium isotope analyses to better
understand the context of this important place.
2. The site
Archaeological excavations in the 1990s, revealed several
distinctive areas of the site (Fig. 2). To the north lay an area with an
estimated 300 pit houses, of which about 70 have been excavated.
Finds in the houses included pottery, loom weights, spindle whorls,
beads and metal artifacts of iron and bronze. Fishing equipment,
ﬁsh bones and shell evidence the importance of the marine
resources of the Limfjord. The pit houses were small working
houses for the production of various crafts. The only ﬁnds in situ, in
at least half of these structures, are loom weights and spindle
whorls, documenting the production of textiles. South to the area of
pit houses there were numerous postholes, pits and a few other
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Fig. 1. Map of Denmark and location of Sebbersund.

structures. Some of these pits contained charcoal, hearth stones
and large amounts of ﬂint and slag, indicating that iron
productiondas well bronze, silver and golddwas an important
activity at the site. Bone and antler combs were also manufactured
at the site.
Evidence for trade is given by instruments of commerce, e.g.
balance weights, and the import of a wide range of foreign materials, including soapstone, slate whetstones, and stone querns
from Norway, and items such as bronze buckles, enamel ﬁbulae,
and stirrup mountings, likely from England and the European
continent.
3. The wooden church
South of the trading and handicraft area at Sebbersund stood
a wooden church with a surrounding churchyard (Fig. 2). The
church today is marked by two rows of postholes and the absence
of graves (Fig. 3). The eastewest oriented building was 13  6 m.
The churchyard itself was deﬁned by boundary ditches that
enclosed an area of approximately 40 m  40 m. Almost 700 graves
were identiﬁed during the archaeological excavations. A total of
468 have been excavated. Most of the graves were simple inhumations in shallow pits, oriented eastewest. In at least 20 graves,
however, the stern of a boat had been used as a cofﬁn (Birkedahl
and Johansen, 1995). Normally there was only one individual per
grave, but three individuals, including a child of 9e11 years of age,
were found in one of the boat-stern graves. Analyses of the boat
graves show that the sterns are taken from hollowed-out log boats.
Such boats were well-suited for the local transportation of people
and merchandise on the Limfjorden and the surrounding waterways and streams.
With one exception the deceased individuals were laid out on
their back with their head to the west. In approximately 18% of the
graves there was a “pillow” of turf, granite or a large block of ﬂint
under the head. The preservation of the skeletons was varied. In
only 5% of the graves did skeletal preservation permit sex

determination. Using the length of the graves as a proxy for stature,
and thus sex, we argue that women largely were interred on the
north side of the church, and the men on the south side. Grave
length measurements and sex have been found to correlate in other
Danish medieval cemeteries, not least due to the fact that differential placement of males and females is found quite often and thus
easily shown. The grave length, as well as the anthropological
analyses, may also provide a gross proxy for distinguishing between
subadult and adult. This information showed that 45% of the
interred individuals were children. Most often, the subadults were
found in small groups around the churchyard, particularly to the
east of the church. This is generally in accordance with other early
Christian cemeteries in Northern Europe (Kieffer-Olsen, 1990).
In addition to age and sex, the social status of the deceased may
have inﬂuenced the place of interment. A small group of graves
southeast of the church may include such individuals. One grave
just south of the church stands apart from the others (Grave 200).
The cofﬁn was built of large, split granite boulders, with mortar
between the stones. The west end of this grave was made from
a single large block of chalk and a niche had been carved in the
block for the head of the deceased. The anthropological analyses
indicated that skeleton was female, approximately 154 cm in height
and around 60 years of age. A “pillow” had been placed under her
head. The woman showed osteological evidence of at least one
pregnancy (Mollerup, 2002). Across her pelvis lay a shaft of hazel
wood. Similar shafts of hazel wood are known from other
churchyards and may have held ritual or magical signiﬁcance.
Without doubt, this was a woman of high social standing. She may
have been a leader in one of the area’s important clans. She might
even have been inﬂuential in the founding of the church (Nielsen,
2004). We note, though, that the grave design as such does not
point to a non-local origin.
The church at Sebbersund probably owes its existence to the
trading station. There would have been many contacts here with
other Christian regions in Europe. Indeed such a close relationship
between trade and Christianity is known from other Scandinavian
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Fig. 2. Sebbersund. Excavated areas. 1. Pit house area. 2. Handicraft area. 3. Wooden church. 4. Stone church. Map, J. Slot-Carlsen.

sites. Conversion to Christianity may occurred somewhat earlier
than the actual building of the church, and if so, Sebbersund could
have functioned in a generally Christian setting. Still, the dating
securely places Sebbersund among the ﬁrst churches in Denmark.
Coins are not uncommon in Christian graves. One coin from the
11th century was found at Sebbersund and there were no other
grave goods. The dating of the church and churchyard is thus based
on radiocarbon dates, which indicate that the churchyard was
founded in the beginning of the 11th century and abandoned in the
last half of the 12th century. The number of graves and the estimated
duration of the churchyard suggest a population of around 150e200
people (at a given time over the 150 year life of the cemetery). This
would include many children, if the tradespeople, as would be
expected, brought along their families for the trading season.
A rune stone at Jelling in the center of the Jutland peninsula
states that King Harald introduced Christianity to Denmark around
965 AD. Comparison with this date from Jelling suggests that the
Sebbersund church may be the oldest yet found in Denmark. A
stone church was erected on a hill west to the wooden church at the
end of the 11th century. The wooden church and the stone church
may have co-existed at some point. The stone church was abandoned around 1200 AD when the sanctuary at the nearby Sebber
Monastery became the parish church.

4. Strontium isotope analysis
Strontium isotope analysis provides a robust means for examining questions regarding human mobility and place of origin in the
past. The principle is straightforward. The strontium isotope
ratiod87Sr/86Srdvaries among different kinds of rocks. Because
87
Sr forms partially through a radiogenic process from rubidium
(87Rb) over time, older rocks with high rubidium concentrations
have a higher 87Sr/86Sr ratio than younger rocks with less rubidium.
Sediments reﬂect the ratio of their parent material. Strontium
moves from rocks and sediment into humans through the food
chain. Strontium substitutes for calcium in the formation of the
human skeleton and is absorbed in bone and tooth enamel. Tooth
enamel forms during early childhood and remains unchanged
through life and commonly after death. Enamel is generally resistant to contamination and a number of studies of diagenesis have
demonstrated this characteristic (e.g., Budd et al., 2000; Kohn et al.,
1999; Lee-Thorp and Sponheimer, 2003). Strontium isotope ratios
in human tooth enamel that differ from those of the place of burial
indicate that an individual moved from one geological terrain to
another during their lifetime. Analytical methods are described in
detail in several publications (e.g., Frei and Price, 2012; Price et al.,
2011).
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Fig. 3. Plan of the wooden church and churchyard at Sebbersund. Drawing: J. Slot-Carlsen.

A total of 19 individuals from the Sebbersund cemetery were
sampled for strontium isotopes analyses, along with six archaeological animals for baseline information. The faunal remains came
from the settlement area at the site. The results are presented in
Table 1 and Fig. 5. Sampling was mainly restricted by the bad
preservation and constitutes an attempt to both sample widely
around the cemetery (in order to check for differential, spatial
burial practices) as well as sampling what seemed archaeologically
the more special graves We selected a premolar from the majority
of human individuals; other teeth were used if a premolar was not
available. This information is provided in the table. In order to
interpret the results of this analysis, it is necessary to know
something about variation in 87Sr/86Sr across the region.
5. Denmark’s strontium isotope baseline
An essential question regarding the isotope data from Sebbersund concerns the local 87Sr/86Sr signal for the site itself and for the
larger region in which the cemetery is located. Baseline information
on isotope ratio variation across an area needs to be obtained in
order to make useful and reliable statements about the origins of
the human remains under study. Frei and Price (2012) have been
involved in a long-term project to develop a baseline map of
strontium isotopes across Denmark. This project is summarized
brieﬂy here and the results to date are presented to place Sebbersund in the larger context of Danish strontium isotope variation.
There are two major categories of foods for human consumption
in isotopic terms: marine and terrestrial. Marine foods everywhere
share the same strontium isotope ratio of 0.7092, which is also the
value of seawater (e.g., Veizer, 1989). Terrestrial sources vary

Table 1
Samples for isotopic analysis from Sebbersund cemetery.
Human
Lab No.

Grave No.

Sex

87Sr/86Sr

F4687
F4683
F4686
F4681
F4677
F4680
F4489
F4685
F4676
F4490
F4484
F4486
F4679
F4684
F4682
F4487
F4488
F4678
F4485

200
267
367
199
76
188
231
342
44
315
73
135
85
284
225
192
225
74
101

Female
Male
Unknown
Child
Child
Male
Male
Male
Female
Male
Male
Male
Unknown
Unknown
Male
Female
Male
Female
Male

0.70897
0.70920
0.70940
0.70944
0.70967
0.70978
0.71003
0.71010
0.71024
0.71025
0.71031
0.71044
0.71059
0.71073
0.71086
0.71098
0.71123
0.71166
0.71329

Fauna
Excavation Unit

Species

2863e3986
2863e3996
2863e4112
2863e4114
2863e3525
2863e3108

Domestic
Domestic
Domestic
Mole
Domestic
Domestic

Pig
Cow
Sheep
Sheep
Horse

0.70927
0.70986
0.70988
0.71093
0.71098
0.71143
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Fig. 4. Southern Scandinavia and the location of baseline local strontium isotope ratios measured on various materials as described in the text.

according to bedrock and surface sediments. Strontium in bedrock
moves into soil and ground and surface water and into the food
chain, into plants and animals and human tissue (Price, 1989; Sillen
and Kavanagh, 1982). The strontium isotope ratios of plant tissues
and the bones and teeth of animals and humans thus match those
of the nutritional intake of the individuals, which in turn are
assumed to reﬂect the strontium isotope composition of the local
geology.

In actual fact, levels of strontium isotopes in human tissue may
vary from local geology for various reasons (Price et al., 2002; Sillen
et al., 1998) and, for this reason, it is necessary to measure
bioavailable levels of 87Sr/86Sr to determine local strontium isotope
ratios. We have measured a variety of materials to assess
bioavailable levels of 87Sr/86Sr in southern Scandinavia, including
surface water, modern owl pellets, modern snails, archaeological
fauna, and prehistoric human remains (Frei and Price, 2012; Frei
and Frei, 2011). These data suggest a range of bioavailable
87
Sr/86Sr in Denmark from approximately 0.7078 to 0.7108 (see
Fig. 4).
6. Strontium isotope ratios at Sebbersund

Fig. 5. Bar graph of the fauna and human samples from Sebbersund. Strontium isotope
ratios are rank ordered for the two categories of samples. The local range of values for
Denmark as a whole and for the local case of Sebbersund are indicated by the two
shaded horizontal bands. Grave numbers are listed beneath the sample values.

At the same time there are speciﬁc contexts within Denmark
where fauna or water ratios suggest a locally higher isotope source.
This is the case at Sebbersund where three of the six local faunal
remains we measured had higher values, above the normal range
for Denmark. One of these, the horse, may well be imported.
However, the higher values for the mole and the sheep suggest that
the local bioavailable strontium in this area has a wider range of
values, perhaps 0.7090e0.7112. In fact the two tiered set of values
for local fauna suggests that there may be two strontium isotope
terrains in the near vicinity of Sebbersund and that foodstuffs are
coming from both areas. Or perhaps the people living seasonally
at the site are coming from two different areas. The wider range
is also conﬁrmed by the regular and gradual increase in among
17 of the 19 human individuals we sampled (Fig. 5). At the same
time, it is important to remember that other places elsewhere in
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Denmark may share the lower 87Sr/86Sr values, so that non-local
individuals at Sebbersund with these in-range values could not
be distinguished.
Based on this information, we would suggest that at least three
of the individuals from the Sebbersund cemetery with 87Sr/86Sr
values above 0.711 are non-local, graves 74 (0. 7117), 101 (0.7133)
and 225 (0.7112). The last grave is included assuming that the horse
is non-local and does not belong in the local range of values. The
remainder of the samples from the cemetery cannot be distinguished by the strontium isotope analysis, including the rather
special female in Grave 200. Given the fact that this female has the
lowest 87Sr/86Sr values of all the samples is suggestive of non-local
origins but the range of local values at Sebbersund means that she
can also be local.
Determining the place of origin of the non-local individuals is
difﬁcult since there are several areas in northwestern Europe with
higher 87Sr/86Sr values. The individual (Grave 101) with a value of
0.713 is from an older geological terrain than Denmark. Such values
are known from Norway, Central and northern Sweden, and the
northernmost part of the British Isles (Evans et al., 2010; Price and
Gestsdóttir, 2007; Knudson et al., 2012). Most of the North European Plain from the Netherlands to eastern Poland is composed of
glacial moraine and coversands that fall largely in the range
between 0.708 and 0.710 (e.g., Voerkelius et al., 2010; Gillmaier
et al., 2009). It is also the case that the 87Sr/86Sr value of 0.7117
for the tooth enamel of the other two individuals (Graves 74 and
225) comes from an older terrain, likely in areas similar to Grave
101. But these somewhat lower values are somewhat more
common across the northern parts of northwestern Europe and
a place of origin more difﬁcult to identify.
Two of the non-locals were buried in the east end of the
churchyard. The woman in Grave 74 was interred in a boat stern.
There were also faint traces of a “pillow” under her head. The fact that
she was a non-local, but deﬁnitely buried in a local fashion, points to
a woman married into a local Sebbersund family/clan. Grave 101
contained a male. There were no traces of a cofﬁn. The skeleton was
relatively well-preserved, and indicated an age at death between
approximately 20 and 35 years. The skull of this individual was
placed at his feet. One foot was arranged over the skull, indicating
that the head was placed at the foot end while the soft tissues were
still present. This may indicate that the individual had been executed
by beheading. The ﬁve upper cervical vertebrae are preserved but do
not show signs of a cut. The severance of the head thus probably
occurred on one of the lower, not-preserved, cervical vertebrae,
which would be entirely consistent with an execution by beheading.
In fact, there were two other graves at Sebbersund where the
skull was also found at the feet of the interred person. In one case
(grave 81) the skeletal remains are not well-preserved, although
the dental remains indicate an age at death of approximately
20e30 years. The other individual (grave 5), an older male, probably at least 40 years old at the time of his death, shows clear signs
of beheading on the distal end of the ﬁfth cervical vertebrae (the
lower adjacent vertebrae are not preserved). This information
indirectly supports the indications of other beheadings.
Only few instances of beheadings are known from this period.
Heathen graves at Stengade II and Lejre, dating to the 10th century,
contained beheaded slaves interred next to their masters. The
Nordic sagas mention beheadings in heathen times and in a few
instances speciﬁcally in the 11th century when Christianity had
been introduced. Along the Halleby Å on Zealand, two beheaded
individuals have been found, dated to the early medieval period
(Lynnerup and Okholm Skaarup, 2008). The evidence from Sebbersund thus conﬁrms that beheading as a means of execution was
practiced in the late heathen and early Christian period (around
1000 AD).
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7. Discussion
This provides new insight in the study of mobility in Danish
society and the North Sea area in the 11the12th century. The
previous centuries also have examples of people moving great
distances to settle in the Limfjord area. Around AD 200 we know
that rosette brooch ﬁbulae were manufactured in the Limfjord area
and on the Danish island of Zealand. Rosette brooch ﬁbulae were
rather large, and technically and artistically complicated ﬁbulae
made of iron, bronze, silver, gold and glass-beads (Lund Hansen,
1995) Analyses of the rosette brooch ﬁbulae have indicated that
regional differences are present, probably a result of their production by local antisans (Skjødt, 2009). The ﬁbulae from these two
areas are different, so the ﬁnd of a Zealand-ﬁbula in the Limfjord
area suggests that a woman from Zealand settled in this area,
probably as a consequence of marriage. A ceramic jar from the
Baltic area, and a ceramic jar and ﬁbulae from northwest Europe
found in graves in the Limfjord area from approximately AD 400,
suggest the presence of women from these regions (Nielsen, 2011).
Again, the reason for this movement may be marriage.
We propose that some of the ﬁnds like the rosette brooch ﬁbulae
actually point to the relocation of people: ceramic vessels were
used as containers, explicitly to carry something, and while metal
objects certainly may have passed from one region to another in
several steps, we here ﬁnd objects connected to an artisanal
tradition, and so the objects may indeed indicate that the artisan
himself moving around.
There were other contemporary trading places around the
eastern part of the Limfjord. The ﬁnds of imported goods shows
that trade increased from AD 700 and onwards. Several localities
including Sebbersund show evidence of foreigners at the trading
places. Some of the above-mentioned ﬁbulae have a cruciﬁx. They
come from continental Europe, where the cruciﬁx was a symbol of
Christianity (Birkedahl and Johansen, 2000; Nielsen, 2011). They
may have been brought to northern Jutland by foreigners or as
trade goods.
A non-local individual is also known at another Early Christian
cemetery at Kongemarken near Roskilde on the Danish island of
Zealand, dating to approximately AD 1000. aDNA-analysis (mitochondrial DNA) indicated that a male buried in this churchyard was
from the Black Sea area (or perhaps rather his mother or mother’s
mother) (Christensen and Lynnerup, 2004; Rudbeck et al., 2005).
The demonstration of foreigners at Sebbersund and other
localities is very important for our understanding of mobility and,
as a consequence, the spread of religion and religious practices,
especially the introduction of Christianity in Denmark.
For the most part, however, the burials in the churchyard at
Sebbersund appear to be local individuals. Individuals with strontium isotope values within the bioavailable range that characterizes
Denmark (0.7078e0.7108) could come from anywhere in the larger
region of southern Scandinavia and the North European Plain, but
most are probably local to the Limfjord region. Individuals with
higher values in the local Sebbersund range (e.g. graves nos. 85,
284, and 192) are probably local to the immediate area given the
apparently limited distribution of this higher source in northern
Denmark. The three individuals with values above 0.711 are almost
certainly not from Denmark and may well have arrived from the
northern British Isles or Norway. The predominance of locals
buried at Sebbersund may not be surprising given the seasonal
nature of site activities and the presumed short-term presence of
foreign traders there. At the same time, the proportion of non-local
individuals (3/20 ¼ 15%) is relatively high given the fact that the
cemetery with approximately 700 individuals must have been in use
for ﬁve or more generations. The provenience information in tooth
enamel is available only for ﬁrst generation migrants.
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8. Conclusion
Sebbersund, and indeed the entire Limfjord area of northern
Denmark, constituted an important trading area prior to 1100 AD.
The populace at Sebbersund seems to have been mostly locals, who
probably assembled there for the trading season, and in this context
established a small wooden church and churchyard. We had
hypothesized that perhaps a sizeable part of the buried individuals
might be non-locals. Strontium analyses showed instead that only
a small number of non-locals could be identiﬁed who settled (or at
least were buried) at Sebbersund. Perhaps these non-locals of
Christian faith established such a semi-permanent settlement and
thus introduced Christianity locally, raising one of Denmark’s
earliest churches at the site. It seems that the locals also took up
Christianity, but did so at one of the major points of contact with
foreigners. That Christianity to some extent already was adopted in
the area, but that the foreign contact may have given the impetus to
actually build a church, is also a possibility.
At the beginning of the 12th Century AD the western entrance to
the Limfjord gradually silted up, eliminating the navigable passage
across northern Denmark. In combination with changes in Danish
society, these factors were probably responsible for the abandonment of Sebbersund shortly after AD 1100.
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