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Editorial

Velkommen til, or rather welcome to the first issue of the
Danish Journal of Archaeology! After many months of
behind-the-scenes negotiations and work, we are pleased
and proud to be able to present the first of many exciting
volumes on what is moving and shaking in the discipline
in Denmark and beyond. We, the editors, are not the only
ones who have noticed a distinct lack of English-language,
peer-reviewed outlets for Danish archaeology. Luckily, the
Danish Agency for Culture agreed with us, and with their
generous pump-priming funding, we are able to launch
this new publication.

Archaeology in Denmark is rooted locally but at the
same time can be said to be a strong and global brand.
Most, if not all, archaeologists around the world have learnt
that the earliest antiquarian efforts by Danish scholars such
as Thomsen and Worsaae laid the foundation for archacology
as a modern discipline. Texts about Danish archaeology
feature on many a university reading list, and cultures or
sites such as Ertebelle, Hjortspring, Trelleborg and Lejre are
known — despite their occasionally awkward names seen
from a non-Scandinavian perspective — by many. Yet, as a
discovery — as well as a theory-driven discipline, archaeol-
ogy is constantly evolving. In most European countries,
legislation is such that developers must, in advance of build-
ing projects, see to the adequate investigation and documen-
tation of archaeological remains in the construction area.
Years of booming global economy have meant that the
frequency and scale of archaeological field investigation
have reached unprecedented heights. However, the period
of reflection following the widespread economic downturn
has led many governments — including Denmark’s — to
realise that excavation and documentation alone simply are
not enough. Now, the publication of findings is being given
increasing priority. Coupled with the move towards a pub-
lication-based reward system for university departments, the
eagerness, need and readiness of commercial units, museums
and academic archaeologists to publish findings in article
format have perhaps never been more marked.

In order to meet this demand, the Danish Journal of
Archaeology, which builds on the legacy of the Journal of
Danish Archaeology, will fill the niche for an up-to-date
English-language journal for scholars conducting research
in and around Denmark and provide a peer-reviewed
publication with a strong web presence.

The Danish Journal of Archaeology is dedicated to the
presentation, discussion and interpretation of the archaeolo-
gical record of the Scandinavian, Baltic and North Atlantic
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regions in their international, regional and local contexts
covering all time periods and all kinds of archaeology that
have relevance for the Scandinavian area or to the disci-
pline as such. The journal’s aim is to provide an interna-
tional platform for publication and debate for professionals
from the museum and heritage sectors as well as from the
universities. Our focus is on empirically-grounded studies
and our aim to tap into the strong tradition of excellent
empirical work carried out by Scandinavian archaeologists,
while remaining receptive to theoretical and conceptual
papers. Additionally, the Danish Journal of Archaeology
will provide, we hope, the ideal publication platform for the
presentation of new finds and outstanding discoveries from
the field — and the Scandinavian area is rich in these! The
geographic and institutional scope of the Danish Journal of
Archaeology is wide: Southern Scandinavia and its univer-
sities, museums and research centres constitute the central
element, while the Baltic and North Atlantic regions make
up the broader sphere of contact and influence. It is our
hope and aim that the journal, as was the case with its
predecessor, will be drawn on in university courses across
Northern Europe, at the very least.

The Danish Journal of Archaeology publishes two online
issues and one printed volume annually. Thanks to our colla-
boration with Taylor & Francis all articles will appear online
as soon as manuscripts are accepted in their final form, which
will, we hope, offer opportunities for dynamic and rapid
publication and of engaging debate about recent findings
and current debates. The professionalism and international
marketing experience brought to the journal by Taylor &
Francis also means that the Danish Journal of Archaeology
will be available at all the relevant international conference,
and thereby further promote Danish archacology as the glob-
ally excellent brand that it is. The Danish Journal of
Archaeology includes original research articles, news and
discoveries and discussion pieces with the intention of foster-
ing open debate in print about the archaeological record of
Southern Scandinavia in its broadest sense and the position of
archaeology as a discipline in the modermn world. A broad
portfolio of formats for contributions is offered: Research
articles (regular analytical, theoretical or methodological con-
tributions), Research reports (longer research articles with a
stronger empirical or descriptive aspect), Brief communica-
tions (find or field reports and short notes) and Discussion
articles (comments on previously published work or on spe-
cial topics and finds). For further details and guidelines, see
http://www.tandfonline.com/rdja. The instructions for authors
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can be found in the menu on the left-hand side stating
‘Authors and Submissions’. It is also there in the menu
‘Subscribe’ where you can find information on how to
make sure that you receive every issue of the journal. Also,
note that we have negotiated very favourable rates for many
institutions, including museums!

The journal’s first issue attests to this deliberate diver-
sity of contributions. This first batch of articles ranges
widely both chronologically and in their approaches. We
have made space not only for the presentation of important
sites but also for shorter contributions and discussions. In
addition, we are very happy to announce that every single
back issue of our predecessor, the old Journal of Danish
Archaeology, is now available online to subscribers.
Needless to say, all articles (with the exception of the
willingly ‘uncensored’ Discussion articles) are peer
reviewed by at least two expert colleagues from
Denmark or elsewhere. We now heartily thank our corps
of reviewers for their very important contributions. We
also thank the members of our international Editorial
Board who provide vital support and backing to the kind
of project that this journal is. Last but not least, we thank
our authors who have chosen to support this new publica-
tion venture here in its infancy — thank you all. We look
forward to many years of fruitful collaboration and colle-
gial exchange across national and disciplinary boundaries
with both our reviewers and the Editorial Board.

The Danish Journal of Archaeology s first editorial
team is made up of Felix Riede (Aarhus University),
Eva Andersson Strand (Copenhagen University & The
Danish National Research Foundation’s Centre for
Textile Research) and Mads Dengsoe Jessen (National
Museum of Denmark). We cordially welcome new and
old readers and we would encourage you all to con-
tribute to this important new platform for Danish
archaeology — we look forward to receiving your
manuscripts!

Felix Riede

Aarhus University, Department of Culture & Society
Campus Moesgdrd

Hojbjerg, Denmark

f-riede@hum.au.dk

Eva Andersson Strand

Copenhagen University & The Danish National Research
Foundation's Centre for Textile Research

Copenhagen, Denmark

evaandersson@hum.ku.dk

Mads Dengse Jessen

National Museum of Denmark
Danish Prehistory
mads.dengsoe.jessen@natmus.dk
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Prologue

Ad multos annos....

Archaeology has a long history in Denmark and one of its
foremost and most enduring concepts is Christian
Jirgensen Thomsen’s (1788—1865) division of prehistoric
material into Stone Age, Bronze Age and Iron Age peri-
ods. Thomsen presented his ideas in a paper titled ‘Brief
Review of the Monuments and Antiquities from ancient
times in  Scandinavia’ (Kortfattet Udsigt over
Mindesmarker og Oldsager fra Nordens Fortid) in the
book ‘Guide to Scandinavian Archaeology’ (Ledetraad
til nordisk Oldkyndighed). The Danish version was pub-
lished in 1836 and was already translated into German by
1837.

Thomsen’s springboard was the establishment of ‘The
Royal Commission for the Preservation of Antiquities’
which, with its roots in the royal collections, was the
forerunner of the existing National Museum of Denmark.
Not only were his ideas practiced in the museum, but their
publication in both domestic and international fora, made
it possible for contemporary scholars to understand, dis-
cuss and criticize them. And this is how it should be;
archaeology embraces both prehistory and the middle
ages, the renaissance and modern times with archaeolo-
gists working both on dry land and underwater.
Furthermore, for over 100 years the collaboration between
the natural and conservation sciences and archeology as
well as between the archacological museums and the uni-
versities has been mutually rewarding.

As most of todays’ excavations are triggered by con-
struction projects, it is often these that determine where we
excavate and how. It is thus even more important that all
archaeological activities are built upon on a common,
long-term research strategy in collaboration with the
archaeological museums and ensuring that both research
excavations and construction-led excavations produce
high quality results to an international standard.

One of the consequences of the latest Museum Act,
effective from 1 January 2013, is the reduction of the total
number of Danish archaeological museums to 27 viable
units which can deliver relevant research. The research
quality should be equal to the highest international stan-
dards, a focussed effort should be made to attract

© The Partnership of the Danish Journal of Archaeology 2012

international researchers and projects should be grounded
in frontline research questions. International research
assessments for both 2009 and 2013 have emphasized a
need for additional research in both terrestrial and marine
archaeology in Denmark.

One of the ways in which we can promote these
objectives is with this journal. Made possible by financial
support from The Danish Agency for Culture, the Danish
Journal of Archaeology (DJA) aims to be among the fore-
most of its type in archaeological research and welcomes
articles within its geographical and editorial framework
from all, regardless of the authors’ position.

The Danish Journal of Archaeology is therefore a
deliberate name change from the Journal of Danish
Archaeology (JDA) which was published between 1982
and 2006 and successfully sought to play a similar role.
Despite the name change, DJA follows in JDAs footsteps.
The former facilitators and editors deserve thanks for
completing 14 volumes, all of which were alongside
their usual responsibilities. Then as now, collaboration
between the archaeological museums and the universities
lays behind the journal and now the Danish Agency for
Culture has demonstrated its commitment to safeguarding
the quality and internationalisation of archaeological
research by ensuring a secure economic basis for the
Danish Journal of Archaeology for its first four years.

The range of the editorial team and their desire to
encompass a wide variety of archaeological topics, both
geographical and professional, will be a central charac-
teristic. In addition, collaboration with an international
publisher such as Taylor & Francis ensures a digital
future for the Danish Journal of Archaeology and also
for the published content of the Journal of Danish
Archaeology which is already available online for all
subscribers.

It is my hope that this initiative will prove its strength
for many years to come, that past and future subscribers
will continue their support and that the Danish Journal of
Archaeology will grow and live.

Crescat et vivat!

Per Kristian Madsen
Director General, National Museum of Denmark
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The Bishop of Ribe’s rural property in Lustrup

Morten Sevse*

Sydvestjyske Museer, Tangevej 6, Denmark
(Received 2008, final version received 10 October 2012)

In 1996, an archaeological trial excavation prior to an expansion of the Viking Centre in Lustrupholm led to the discovery
of among other things a 54-m long, approximately N—S-oriented post-built house from the Middle Ages. The find gave rise
to continued investigations, and in subsequent years the remains of a — by Danish standards — very extensive series of
buildings were excavated. This can be identified from written sources as a farm site belonging to the Bishop of Ribe. The
article presents the results of the archaeological investigations up to 2007. One or two large houses from the 1100s were
succeeded around 1200 by a two-winged post-built complex which was expanded in later years with a brick-built house and
a number of other large buildings apparently constructed according to a great variety of principles. The complex appears to

have been demolished before the end of the thirteenth century.

Keywords: Ribe; Bishop; magnate farm; 12. century; 13. century; cavalry

— a magnate farm from the age of the Valdemars'

Introduction

Lustrupholm is the name of a small manor house situated
near the stream Haulund Bak just 2 km SSE of Ribe.” The
modest whitewashed buildings were erected around 1770
and today house the administrative functions of the Ribe
Viking Centre, which was established there in 1992.
Throughout the 1990s, in the areas south and west of the
manor house, full-scale copies of houses from the Viking
Age have been built on the basis of house sites excavated in
and around Ribe.

Within this anachronistic framework, from 1998 until (so
far) 2007, the Antiquarian Collection in Ribe has excavated
extensive remains of a medieval magnate farm which is
known, on the basis of written sources from the thirteenth
century, to have belonged to the Bishop of Ribe (Figure 1,
excavation picture). The complex of buildings, which grew
large over time, probably had its origins in two largish farms
from the 1100s which were succeeded around 1200 by a two-
winged structure around which a number of impressive
buildings were erected in subsequent decades, with a total
area approaching 1400 m?. This included a brick-built house
with cellars. The useful life of the magnate farm was short,
and there are no signs of activity after c. 1260.

So far only provisional descriptions of the farm and its
history have been published.’ It is the aim of this article to
present the — not uncomplicated — archaeological data from
the excavations, so that future research on this and other
magnate farms and their role in the society of the Middle

Ages can rest on firmer ground. But not all questions about
the Bishop of Ribe’s complex in Lustrup can be answered at
present. Various earthworks, afforestation and recent build-
ing work have removed or concealed parts of the complex.
Nevertheless, there is little doubt that the excavated buildings
make up the best Danish example of how a magnate farm
belonging to the absolute elite of society could look.

We do not know the historical motives for the erection of
the so-far unique complex, but against the background of the
information about the farm in the written sources, linked with
historical knowledge of the role of the bishops in among
other areas the military organization of the country, it is
proposed that the farm may have served — at least — two
purposes: one as a nodal point in the administration and
maintenance of the flow of duties, primarily paid in kind,
to the bishop’s seat; while a second purpose, equally impor-
tant in the period, may have been as a supply station for the
King’s mounted troops, who were extremely active in the
first part of the thirteenth century.

The History of the Excavations

When the Viking Centre was established in 1993 on the
gently ascending terrain, south of the manor house, a copy
of the “Viking Age” market place was reconstructed with a
background of the excavations of the market place of the
eighth and ninth centuries in Ribe. There was no prelimin-
ary investigation of the area. In 1998, plans emerged to
expand the centre with a number of buildings located on the
slightly higher-lying area to the south. Prior to this con-
struction work, the Antiquarian Collection carried out a trial

*Email: mosvs@sydvestjyskemuseer.dk
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Figure 1. Past meets past. The excavations at Lustrupholm
were conducted between Ribe Viking Centre’s reconstructions
of present-day ideas about the past. Here we see a corner of the
market place in Ribe in the year 720 temporarily destroyed by
the search for the northern part of the farm features from the
twelfth century.

excavation and subsequent rescue excavations in 1998-99.
These were followed by our own and foundation-supported
research excavations in the years 2000, 2002, 2003, 2006
and 2007.* The orientation and position of the excavation
fields had to allow for the Viking Centre’s use of the area,

which in conjunction with limited funding for the investiga-
tions was the reason for the apparently unsystematic location
and delimitation of the excavation fields® (Figure 2,
campaign overview). The excavation method was the one
most frequently used in Denmark, where the topsoil was
cleared with excavating machinery until untouched subsoil
appeared, after which the earthfast features were drawn and
to a certain extent sectioned. As a minimum, the interpreted
structures are sectioned and to a very great extent also
sieved, and this has ensured a large body of artefact mate-
rial. The non-threatened features were investigated carefully
and an attempt was made to preserve the non-sectioned half
of the features with careful covering. Specimens were only
taken for scientific analysis to a limited extent. In all, an
area of 10,178 m? was excavated.

Topography

The flat West Jutland landscape took on its rounded forms
during the melting phases of the last ice age, when enor-
mous masses of water as well as wind and weather
levelled the contours of the landscape and created the
wide heath plains and hill islands that make up the basic
forms of the landscape today. In this flat context,
Lustrupholm, as the name suggests (“holm” = islet), is a
striking element in the form of a small headland that

Figure 2. The present use of the area and limited funding have together produced this patchwork of excavation fields which shows the
extent and sequence of the excavations.
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stretches out into the lower-lying wetlands around
Haulund Bk, which surrounds the area to the north,
south and west. Towards the east, the terrain continues
evenly in the direction of the present-day village of
Lustrup. The landscape surface on the point lies between
8 and 10 m above Danish Normal Zero (DNZ), and the
subsoil at the place is fine yellowish sand entirely free of
rock. The ploughsoil layer all over the area was very thin
and only in a few places reached thicknesses over 40 cm.
The ploughing depth seems always to have been modest,
and the preservation conditions for the earthfast features
must be described as good. In the sandy soil, organic
material was much decomposed. Only animal bones
were preserved in some cases in the medieval features.

The striking, naturally protected location in the land-
scape must have appeared attractive to both hunters and
farmers through several periods of prehistory. Besides the
features from the Middle Ages discussed here, Mesolithic
flint from the Maglemose period has been found in the
excavations, as well as traces of settlement from several
periods of the Neolithic Funnel Beaker Culture and the
Single Grave culture, a settlement and burial site from the
Bronze Age and several farms from the period Late
Roman Iron Age to Germanic Iron Age.®

From the point Lustrupholm, the area of which was
formerly around 2 ha, there are good views towards the
north, south and west, and it is worth noting that the
southward road to Tender runs only 500 m to the west,
while the eastward highway over towards the old military
road Heervejen and to Haderslev runs less than 1 km to the
north. Both roads must be supposed to have existed as
early as c. 1200, and viewed in the context of Ribe’s
harbour potential the farm must be said, in the overall
traffic perspective, to have been located at a central inter-
section (Figure 3, VSK outline map).’

Today, the transition between the point Lustrupholm
and the meadows around Haulund Bak runs down over a
marked slope descending about 3 m. This feature is not
original, but has emerged with sand-quarrying and the
establishment of a meadow irrigation system at some
time in the interval 1870-1937. With this excavation
work the northwestern tip of the point, which, judging
from older height contour lines, must have been very
striking, disappeared. At this point in the 1860s, the city
historian of Ribe, J. Kinch, could see “a thrown-up bank
surrounded on two sides by Lustrup Bak, and on which
there undoubtedly stood a fixed tower in ancient times.”®
It is no longer possible to verify Kinch’s observations, but

Figure 3.  On the outline map from the Royal Danish Society of Sciences and Letters from 1794 the highways towards Ribe are marked
here in red. The Bishop’s farm lay close to both the southbound road to Tender and the roads to the south east towards Harvejen and

Haderslev.
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Figure 4. By combining the oldest preserved cadastral maps with the height contours from the Topographical Maps from surveys
around 1850, one can reconstruct the earlier appearance of the landscape. As is evident, the northwestern part of the point was formerly a
striking element, but the area west of the broken line has today been removed by sand-quarrying and a meadow irrigation system. On the
point there was an artificial bank, known from a description in the 1860s. This may have been an earthen wall belonging to the northern
farm. The placing of the excavation fields is marked in yellow. From the cadastral map of 1839 with additions by the author.

it is likely that there was a rampart belonging to the
northern farm from the twelfth century (see below).

By studying the oldest preserved map of the area and
earlier height contours, it is possible to reconstruct the
appearance of the landscape around 1800. Although
there may also have been changes earlier, it is far from
unlikely that this picture of the landscape shows us a
situation like the one when the buildings of the magnate
farm occupied the site on the point at Lustrupholm
(Figure 4, original landscape).

Written Accounts of the Bishop’s Farm

Of the legal documents from the end of the eleventh
century that were instrumental in the regulation of
Danish society, and among other things stipulated the
legal basis for taxation and property ownership, very
few have survived until the present. Most of them are
from the Late Middle Ages, and the number of sources
declines rapidly the further back in time one goes.
Given the paucity of sources, it is striking that today
we have knowledge of a whole three sources from the
1200s that mention the Bishop of Ribe’s interests in

Lustrup. In itself this is indirect evidence of the impor-
tance of the place — especially in view of its short
functional lifetime.

In 1233, Bishop Gunner of Ribe confirmed a settle-
ment between farmers from “Teonder” and the later-van-
ished Andaflyth Parish.” In the agreement, which does not
give further details of the original dispute, and whose
wording is known from a transcript in Ribe Oldemoder,
a number of provisions are stated regarding the distribu-
tion of the duties that the farmers were obliged to pay to
the Bishop. The passage which mentions Lustrup trans-
lates as follows: “Each of them is also obliged to drive oat
[duties], to wit oxen and bishop’s gift, to Lustrup at his
own expense.” What was in Lustrup is not described in
detail, but it must be assumed to have been important that
the farmers delivered their oat duties precisely there in
Lustrup, more than 40 km away. Only the oat duties are
required to be delivered in Lustrup, while the destination
of the other duties is not specified. As early as 1233, the
Bishop’s seat had major possessions around Megeltonder,
and it is likely that already at that time there was a
predecessor of the Bishop’s Mageltonderhus — the later
Schackenborg — in the area.
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In Nyborg on 14 March 1255, King Christoffer I and
Bishop Esger of Ribe effected an exchange of property
where the King took over the Bishop’s meadows in
Lustrup, which damming for the King’s water mill in
Ribe had left under water.'® In exchange, the Bishop
was given Harboere. The property exchange must give
us an approximate date for the King’s mill and the creation
of the dam, whose effects are still visible today upstream
from Ribe. On the face of it, this seems to be a particularly
good transaction for the Bishop. In King Valdemar’s
Cadastre, Harboere was an independent skiben, with an
area today of c. 3000 ha, which must have been substan-
tially decimated since 1255 by coastal erosion. The value
of the meadows in Lustrup does not seem to have been
proportionate to that of Harboere, and one might ask
whether one possible reason for the size of the compensa-
tion might be that the loss of the meadows also meant that
the operating potential of the Bishop’s farm on
Lustrupholm was thus considerably reduced. A second
and perhaps more important possibility might be that the
King, with the exchange of property, was ensuring the
support of the Ribe Bishop in the power struggle with
Archbishop Jakob Erlandsen which was to affect the poli-
tical history of the country in the subsequent decades."!

The last known mention of the Bishop’s estate in
Lustrup is a letter signed by Bishop Esger at “Our resi-
dence in Tender” on 8 September 1258, which is also
known from a transcript in Ribe Oldemoder.'* In the letter,
the Bishop entered into an agreement with his tenants in
“Tender,” from which it is evident that the farmers are
“obliged to bring the duties to our butler (cellarius) with
their own wagons to Lustrup.” The mention of Lustrup
shows that it still must have been important that some
duties were delivered there, where there appears to have

Phase 5 after c. 1250

Phase 4 1225-50

Phase 3 1200-1225 [surpmve |

|BL'ILD1NG H |

Phase 2 c. 1200 IBUILDING B |

|BL'ILD1NG C |

been a butler who may have managed the Bishop’s
household.

The present manor house of Lustrupholm seems to
have arisen in the Late Middle Ages, but neither the
written sources nor the archaeological finds suggest that
there may have been continuity back to the Bishop’s farm.

Division into phases and dating

At Lustrupholm, the earthfast remains of a number of
buildings and other features have been excavated, and
are presented in this context divided into five phases
covering the interval from the twelfth century until
around 1260. The division into phases has the function
of showing the dynamic development of the farm
throughout its short useful lifetime, but it is not straight-
forward, since the number of stratigraphic relations
between the medieval buildings is limited. In other
cases, it could be documented that a given feature was
later than prehistoric features, or it could be assigned to
the medieval phases by virtue of the find material. But
even when all the stratigraphical, dating and interpreta-
tional information is gathered, it is far from obvious how
the expansion of the Bishop’s estate at Lustrupholm
developed. The finer division into phases has therefore
to a certain extent been done on the basis of the author’s
ideas of how it may have happened, and which buildings
must be supposed to have stood at the same time. But a
number of factors are uncertain. The slender basis for the
division into phases is used here in a feature matrix
showing the registered stratigraphic relations (Figure 5,
feature matrix). The more detailed basis for the assign-
ment to phases and dating is described under the indivi-
dual buildings.

BUILDING N
BUILDING M

DITCH 2

Phase 1 12. C. |BUILDII\‘G A | |DITCII]

|BUILDING K | |BUILDING L | |D1TCH 4 |
IBUILDH\‘G F | |BL'ILD1NG G |

BUILDING D I

| |BUH,DH\'G B | |DITCII 3 |

Figure 5.

Feature matrix showing the division into phases and the stratigraphic relations on which it is based.
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Phase 1: twelfth century

By all indications, in the oldest medieval phase two large
farms were built on the point Lustrupholm (Figure 6, Phase
1). Both farms had curved long walls, but they were of
different sizes. This might suggest that they were not built
at the same time, and in that case the northernmost farm,
Building A, must presumably be regarded as the first to be
built. South of Building A, a collection of medieval post-
holes may mean that there was yet another medieval build-
ing, but a belt of shelter planting prevents further investiga-
tions at present. This may have been a building that
belonged together with Building A, as the course of the
large Ditch 1 may also indicate. There is little possibility of
determining with certainty whether one or two farms lay at
Lustrupholm in the twelfth century. They are regarded here
as two contemporary units on the basis of the convergence
between Trenches 1 and 3, which seem to respect each
other, but this may be coincidental. The northernmost
farm looks like the most important one, both because of
the size and number of the buildings and because of the
surrounding ditch, but it is unfortunately also the one most
destroyed today.

Building A

Sand-quarrying and terrain regulations have transformed
the area where Building A lay, so much so that the
possibility of its existence was not realized until after the
excavations in 2006. These were followed up by limited
surface stripping in 2007, which was not made easier by
the fact that the Viking Centre’s market place uses the area
at present. The western end of the building has been
destroyed by sand-quarrying, and only the bottom centi-
metres of the post-holes of the south wall were preserved.
However, this was enough to establish that there has been
a building with curved long walls, whose width in the
middle had exceeded 9 m. The building does not seem to
have had projections; it consisted of two rows of roof-
bearing wall post-holes. In these two potsherds were
found; one of the rhenish Paffrath type and the other of
local grey-fired ware. From the east gable a ditch started,
Ditch 2, which is discussed below. Buildings with curved
long walls consisting of just two rows of roof-bearing wall
posts are well known in the archaeological material. They
are known from Vorbasse and a number of other sites and
are dated in general to the eleventh/twelfth centuries.

Figure 6. Phase 1. Buildings and ditches belonging to Phase 1 of the medieval settlement from the twelfth century. Building A has two
circular post symbols against the background of an accurate sketch made during the digging of a pit-house at the Viking Centre market

place in 1993.
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Ditch 1

A substantial ditch between 2.3 and 3 m wide in the
excavation surface. Its curved course cut off Building A
and the northwestern part of Lustrupholm from the open
countryside towards the east. Its depth was up to 1 m
below the excavation surface. Towards the east there
was a 4-m wide opening approximately opposite
Building A. There were no traces of any rampart, but
this is not surprising, since the subsequent construction
work around 1200 must already have removed most of
it. There were no traces of support for the sides of the
ditch, which had collapsed in and partly filled the ditch
before the formation of visible growth zones or humus
layers.

The course and size of the ditch suggest very strongly
that it was conceived as a fortification feature, perhaps dug
together with the possible rampart on the northwestern
corner of the point during the civil wars of the 1100s.
The quick filling of the ditch suggests a short useful life.
The Chronicle of the Bishop of Ribe, written around 1230,
says of Bishop Helias (1142—62) that “for his protection
he built many fortified places, of which there are still
traces on the episcopal estates.”'® Perhaps Building A
was one of these?

Sovso

Ditch 2

An E-W-oriented ditch, whose width in the excavation
surface varied between 0.6 and 1.2 m. It has been assigned
to Phase 1, since it seems to start at the gable of Building
A, and is interesting because it cuts through the fill layers
of Ditch 1, which must thus already have been wholly or
partially filled in when Ditch 2 was dug. The function of
Ditch 2 is unknown.

Building B

Building B was excavated in its entirety, and was a well
preserved, approximately E—W-oriented, post-built long-
house with roof-bearing posts placed in the slightly cur-
ving long walls (Figure 7, Building B). The length of the
building was 27 m, and the span between the long walls
was 5.5 m at the gables, while the span at the middle of
the building was approximately 7.2 m. At the eastern end
the building was equipped on both sides with a 2.2-m
wide projection that took the overall width of the building
up over 10 m. The western end of the building seems to
have constituted an independent section of the structure,
which was open to both north and south. A function as a
wagon shelter or threshing floor is a possibility.
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Figure 7. Building B was a 27-m long post-built house with slightly curving long walls. At the eastern end both walls had projections,

while the western end of the building is occupied by a building secti

the building, while the black post-holes show Phase 2.

ion whose function has not been clarified. The grey shows Phase 1 of
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In the way the posts were set, a number of differences
could be seen which may reflect a further partitioning. In
the central segment, the posts were set in pairs opposite
one another, forming four bays with post-intervals
between 2 and 3 m. The pairwise rhythm ended towards
the east with a set of posts standing in the interior of the
building close to the walls. East of these the posts did not
stand opposite one another. Against this background, it is
possible that Building B was divided into three main
sections. No remains of fireplaces or other features defi-
nitely associated with Building B were found in the inter-
ior of the building.

The find material from Building B is scanty. It consists
of 19 body sherds from local grey-fired globular pots,
where the small body sherds cannot be dated more pre-
cisely than the interval c. 1000—-1300.

Building B, with its dimensions, the curved long walls,
the division into three sections, and especially the distinc-
tive western section, is a building type of which excava-
tions over the past 25 years have produced a number of
examples. A close parallel is Building C from Vilslev,
which was not fully exposed when Stig Jensen published
the provisional results in 1987.'* The similarity between
the building from Vilslev and Lustrup is so great that they
can reasonably be viewed as built according to the same
template. The published buildings from Vilslev were
regarded by Stig Jensen as contemporary and from the
eleventh century, but against this one can argue that over-
lapping house remains and several buildings with straight
long walls were also found at the site.'”> Against this
background it is more reasonable to view the Vilslev site
as in several phases and perhaps extending all the way into
the 1200s. Building CLXXII from Ostergaard, only about
30 km east of Ribe, is best known for the find of two
particularly prestigious gold and silver brooches in one of
the post-holes of the building. This has been dated to the
1100s and fits into a sequence of similar buildings.'®

Buildings like Building B from Lustrupholm, but with
straight long walls, are also known. The best known was
excavated in 1982 at Nr. Farup near Ribe and has been dated
to the second half of the 1100s."” From excavations in the
city of Ribe, we know post-built houses with straight long
walls and projections. They have likewise been dated to the
second half of the 1100s on the basis of the dendrochronol-
ogy of related wells and a large body of find material.'®
There is thus much to indicate that buildings with straight
long walls, projections and the special gate/barn space at one
end were already known in the second half of the 1100s, but
it is still too early to say whether this also means that the
corresponding buildings with curved long walls are all older,
or whether there may have been a long period when the two
construction types existed side by side.

Despite these reservations, the erection of Building B
must be dated to the 1100s and probably to the time before
rather than after 1150.

Ditch 3

This is an overall designation for a total of three smaller
ditches whose width in the excavation surface did not
exceed 1 m. The course of the ditches, but also the open-
ings in between them, seem to have respected Building B.
Parts of the ditch are stratigraphically younger than the
settlement traces from the Iron Age and the long Building
K. Its function cannot be specified in more detail.

Phase 2: around 1200

In Phase 2, a number of buildings were erected which,
particularly in view of their later successors, can be inter-
preted as the oldest phase of the Bishop of Ribe’s farm in
Lustrup. From the beginning the residence seem to have
consisted of two large post-built houses and a four-post
structure; the latter has been proposed against the back-
ground of a find configuration interpreted as the remains
of a small forge (Figure 8, Phase 2).

Building C

Building C was a poorly preserved E-~W-oriented long-
house consisting of two parallel rows of post-holes. The
width was 7.8 m, but the length is not known, since the
later brick building, Building H, had removed part of the
southern wall; but there may still be posts from the north
wall of the building beneath the unexcavated shelter plant-
ing. The north wall could be followed over 18.3 m.

Finds only emerged from one post-hole belonging to
Building C; in this a piece of brick was found as well as
two grey-fired side sherds from globular pots and two pipe-
clay sherds of the material type Green Rouen, probably from
a jug imported from the northern French region.'”

How Building C was constructed above the ground we
cannot say with certainty, but the posts do not form sets
across the building, and we must probably imagine that
the wall posts had a head or wall plate on which the roof
structure rested. Whether this actually took the form of a
so-called “head” where anchoring beams brace the struc-
ture crosswise, or a roof where the rafters and a tie-beam
formed a fixed triangle cannot be determined.”® The roof
construction and lower part may have made up two sepa-
rate sections of the building, which may be a reasonable
assumption inasmuch as the lifetime of the roof construc-
tion must be expected to have exceeded that of the earth-
fast posts in the lower part.

Despite the incomplete preservation, there is little
doubt that Building C must be regarded as a predecessor
of Building F.

Building D
This is a relatively poorly preserved NNW-SSE-oriented
post-built longhouse with projections on the western side
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Figure 8. Phase 2. Appearance of the farm c. 1200. The complex consisted of two 8 m wide post-built houses and a probable four-post

feature, Building E.

throughout the length of the building. The northern part of
the west wall was excavated in the 1999 season, while the
other parts of the building were identified and excavated in
2003. The full width of the building was 7.9 m, of which
the projection took up 1.2 m. The length of the building
was 27.6 m. No finds emerged from the post-holes.
Inside the building, a number of pits were found which
probably belonged to Building D. This assumption is
strengthened by the fact that in the next, almost identical
Building G, pits were found similarly placed in the build-
ing. In all three cases, these were rectangular pits with
almost vertical sides and a flat bottom which was dug
down deeper than the posts of the building. There was
no trace of wooden constructions or other features in the
pits, but the sides must have been supported in some way
— otherwise they would have collapsed. In all three, a
complicated but structurally identical layer sequence was
registered; it had arisen because organic fill material in the
pits had collapsed and pulled the layers above down into
the pit. The succession of the layers in the pits could thus
tell us about the appearance and character of the otherwise
ploughed-away surfaces inside the buildings. The majority
of these layers seem to have belonged to the succeeding
Building G and are described there. The function of the
pits cannot be more specifically established, but the fact
that similar pits were positioned in the same way in the

succeeding Building G shows that it is more likely to have
been a deliberate rather than a random feature.

Building E

A so-called four-post construction forming a rectangle of
5 x 3.7 m situated approximately 30 m SW of Building
C. In the southeastern post-hole, an iron nail and a forge-
stone were found — the latter a waste product from for-
ging, part of the clay slab that protected the bellows from
the heat of the forge. Usually four-post features are
described as hay barns, but the find material included a
small amount of slag and forge-stones, concentrated
around the two demonstrated four-post features,
Buildings E and J.*'

Phase 3: first quarter of the thirteenth century

In Phase 3, the two oldest buildings on the Bishop’s
property were rebuilt. Building C was succeeded by the
equally wide Building F, displaced 18 m to the east. This
may have been because the erection of the brick structure
Building H was also planned at this time. Building D was
also replaced by the apparently identical Building G,
which partly overlaps the older site (Figure 9, Phase 3).
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Figure 9. Phase 3. First quarter of the 1200s. The oldest set of buildings at the farm are replaced by two new ones, and the prestigious
brick house with the wood-built stairwell is erected. To this phase a four-post feature probably also belongs.

Building F

E—W-oriented longhouse whose post-holes mark a well-
defined ground plan where the placing of the individual
post-holes was strikingly unsystematical. This feature
recurs in its predecessor, Building C, but contrasts
with the precision of the placing and orientation of the
post-holes in the other wing of the complex, Buildings
C and F.

Building F is 22 m long and 7.8 m wide (Figure 10.
Building F). Along the eastern half of the north wall the
building was equipped with a projection that brought the
overall width up to 9.9 m.

The find material from the post-holes consists of
brick, small iron fragments and 30 potsherds, 27 of
which come from local grey-fired globular pots, while
one is of the rhenish Paffrath ware type, one of rhenish
proto-stoneware and the last is an imported pipe-clay
sherd with peeling glaze which cannot be identified in
more detail.

In the interior of the building, a number of post-holes
have been interpreted as traces of partition walls, but in the
rest of the building, a whole row of medieval post-holes
was found which has not been specifically interpreted.
Besides the post-holes, no other dug-down elements could
be found that could be associated with Building F. The
function of the building cannot be identified, but its

closeness to the brick Building H makes it most likely
that Building F was used as a residence.

The unsystematic placing of the posts suggests that the
wall posts held up a head or wall plate on which the roof
construction rested. The fact that the building is of the
same width as its predecessor might indicate that the roof
construction was re-used from the latter? During the life-
time of the building, there may have been a number of
repairs, but they seem to have been effected by digging
down new posts in the wall line rather than complete
replacement.

Building G and related structures

Building G is a well-preserved NNW-SSE-oriented post-
built building with projections on the west side along its
whole length (Figure 11, Building G). It is the best pre-
served post-built house site of the excavations, partly
because the building had burned down. Another reason
for the good state of preservation was that most of the
house site was located beneath the dike that formed the
boundary between the property associations Lustrupholm
and Lustrup. Prior to the establishment of the earth wall,
there had been a phase when the area was ploughed, which
was discernible over the fire place from clearly charcoal-
filled plough traces in the original brownish-grey soil layer.
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Figure 10. Building F was a very clear but atypical medieval ho

use site where the gables are also marked by large posts. The individual

posts had been placed with a striking lack of precision which recurs in its predecessor, Building C, but which differs clearly from the

other buildings at the site.

The ploughing had removed all traces of surfaces in and
around the building. The fire was the reason why it was
possible during the excavation to observe clear charcoal-
filled post traces in most of the building’s post-holes. In
these, large quantities of fired mud-wall were found. The
charcoal is thought to have ended up in the traces from the
posts after the rotting-away of the burried part of the burnt-
down posts. The post traces provided an unusually precise
snapshot of the way the posts had been set in the building.

Building G seems to have been an exact copy of its
predecessor, Building D, and the similarities are so strik-
ing (cf. the pits mentioned blow) that there must have been
a template or survey behind it. The similarities must also
mean that the erection of the younger Building G came
immediately after the demolition of the older Building D,
and as has also been proposed for Building C/E the roof
construction from Building D may have been re-used in
Building G.

The length is 27.4 m and the width is 8.0 m, with the
projection taking up 1.2 m. Post-holes and traces mark the
placing of three transverse partition walls that divided up
the interior of the building, but possibly not the projection,
into four rooms. The larger central room and the southern
room may have been further subdivided by posts standing

on the central axis of the room. At the partition wall
between the two middle rooms, a clearly heat-affected
section was found that marks the position of a fireplace.
That the fireplace is by a partition wall suggests that there
had been a secondary stove fed from another room.*

From the building come several thousand fragments of
fired mud-wall with impressions of straw on the back.
Precisely this mud-wall type is a well-known find group
from the Ribe of the 1100s and 1200s, and it must have
been in general use in house-building. The distribution
over the whole site of Building G shows that it was used
all over the building (Figure 12, mud-wall).

The other find material from the building consists of
pottery and a small quantity of brick. From the fire layer
come half a horseshoe and an iron lug from a cauldron.
Besides these, a few small lumps of melted lead were found.

How the house was constructed above ground we
cannot say with certainty. There is a tendency for wall
posts to form pairs across the house, but it is not consis-
tent, and it is equally important that the central partition
wall of the house with its secondary stove was not located
at a pair of posts. This suggests rather that the pairs of
posts were not joined by transverse tie-beams but bore a
longitudinal wall plate on which the roof construction,
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Figure 11. Thanks to very clear post traces (marked in black), the burnt-out Building G provided a precise “snapshot” of the positions
of the posts in the building, which was divided into four rooms and had projections on the west side. Inside the house, as in its
predecessor, a number of pits were found whose function is not known. On the eastern side of the house towards the north, one can see a
four-post feature and towards the south the post-holes from the possible post-borne plank road. The arrow inside the house marks the
position of a fireplace, while the arrow beneath the plank road marks the position of the pit with the crushed pottery and the coins.

Figure 12. On the thousands of burnt mud-wall fragments from
Building G impressions of straw are the only traces of what they
had been applied to. In the panels such straw mats must have
been mounted, but how they were attached to the wooden ske-
leton of the building we do not know. The actual clay layer is
usually less than 1 cm thick.

which may have been re-used from the preceding build-
ing, rested.

As in its predecessor, Building D, in Building G too
there were a number of rectangular pits approximately in
the middle of the building. Thanks to the pits in the pre-
ceding Building D, remains of Building G’s floors were
preserved. This was so because the fill in the older set of
pits had collapsed and had drawn the layer above down
with it and beneath the depth of the plough (Figure 13,
cross-section of pit with fine layering). The fill in the older
set of pits was all sealed in by a fire layer with mud-wall
material, and beneath this in all three pits remains of mortar
flooring were found as well as laid-out layers of heath turf.

The secondary stove and the floor-layer remains show
that the house was furnished as a dwelling — perhaps for
the butler mentioned in 1258, who was probably respon-
sible for everyday operations?

Constructions associated with Building G.: Abreast of
the north end of the east wall of the building there was a
four-post feature consisting of four small post-holes form-
ing a rectangle 1 x 1.5 m. The interpretation is uncertain.
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Figure 13. Section of the pit A345, which formed part of
Building D. Originally the pit was filled with an organic layer
that has wholly decomposed and now consists only of the brown
streak at the bottom. In the process, the overlying floor layers,
which belong to Building G, were pulled down under the plough
layer and form the only preserved floor layer from Building G.
There are traces of both a mortar floor and a layer of laid-out
heath turf.

Along the east side of Building G and further south, a
number of large post pairs were found, recalling the post-
borne plank roads which in the first half of the 1200s
formed continuous paving on most of the streets of Ribe.
Such posts had lengthwise sills on which the plank floor
had been nailed.>® This may also have been the case here.
Beneath this plank road, the possibly recovered coin hoard
mentioned below was found (Figure 22).

Building H

In the 1999 field, a large irregular fill layer approximately
9 x 12 m was registered. In the two southernmost corners
the sections were dug, and in both places intact masonry
emerged. In the subsequent excavation of the complex in
2000, the wall remains proved to come from a large brick
structure. The uncovering and registration of the ruin was
done carefully. No intact masonry was removed, and in
the excavation of the room the digging at first only went
down to the top of the youngest surface-covering floor
layer; a sand layer that was probably the underlay for a
surface-covering cobblestone layer, Floor 3. After this,
30% of the underlying floor layer was excavated
(Figure 14 with plan of investigated areas in the cellar
plus the stairwell). All fill layers from the ruin were
sieved.

The original structure: The excavated wall remains
form a cellar whose outside dimensions were 7.9 m
N-S x 7.4 m E-W. The walls stood on a foundation of
fieldstones and were built of brick in monk bond set in
shell-tempered mortar.®* In terms of masonry technique,

this was a cofferwork wall where the core consisted of
alternate layers of medieval brick fragments as well as
some tuff and a few pebbles. The thickness of the wall
varied between 65 and 75 c¢m, and the inner dimensions
were 5.9 m E-W x 6.6 m N-S — approximately 39 m?.

At the northern end of the eastern wall the remains of a
door opening were found. This was an outwardly bevelled
opening whose width, measured in the outer alignment,
had been 1.4 m. Inside, the opening was surrounded by
half-brick filleting which at some later juncture had been
cut way in the preserved north side of the door opening. In
the sixth course of the cut-away filleting a now-
decomposed piece of wood had been mounted, in which
the lower of the door pintles had been mounted. It had
thus been a left-hand door and opened into the room, as
was also shown by the shape of the youngest wall bench.
In the door opening a granite ashlar had been laid as a
threshold stone. The first stage of the laying of the oldest
Floor 1 had been a 10-12 cm thick layer of marine clay,
which must have functioned as damp proofing, and over
this a mortar floor just 1 cm thick was poured, which,
probably thanks to the frost-free depth, had preserved its
hardness. The mortar floor was 1.9 m beneath the surface
at that time.

On this floor, round along all four walls, a one-brick
wide wall bench was laid; at the door opening it func-
tioned as the bottom step of the stairs into the room. The
wall bench was later removed and was only evident from a
few remains and the impression in the mortar floor. The
construction ended with the pouring of a wearing course
on the floor consisting of mortar tempered with crushed
brick, making the floor appear in a warm red colour —
almost like a tennis court. In the mortar on the floor gutters
were made, a few centimetres wide and deep, which,
judging from the excavated section, seem to have been
N-S oriented. Perhaps they led to an unexcavated sump?
On this floor a thin layer of dirt was found, but no finds
emerged from the excavated parts of the layer.

Later rebuildings: Before the laying of Floor 2 of the
cellar, the wall benches along all four walls were removed.
Then, first, an underlay of grey marine clay was laid,
followed by a layer of crushed brick and mortar, and
finally a layer of mortar which, like the oldest floor, had
preserved its hard surface. On this floor, but only along the
north wall, a one-brick wide, three-course high wall bench
was built, which was fully preserved. Towards the east,
where the door opened, the wall bench was built up of
diagonally laid stretchers — probably so as not to be in the
way of the door (Figure 15, wall bench behind the door).
In the first layer on Floor 2 or the overlay a coin was
found that had been minted in the reign of Valdemar II,
and which was in circulation in the time before 1234.%

Floor 3 is marked by a sand layer up to 20 cm thick. In
this the remains of an otherwise removed cobblestone
covering were found. The youngest registered floor of



Danish Journal of Archaeology 17

Figure 14. The registered wall remains from the cellar beneath Building H. Tuff stone is marked in brown, while fieldstones are grey.
At the north end of the east wall, one can see remains of the bevelled door and the stone threshold. Outside this we see the four massive
post-holes from the wood-built stairwell and, in a row, the four iron nails that were part of the wholly decomposed stairs down to the
cellar. The investigated areas of the floor layers are marked, and a line marks the course of the oldest wall bench.

Figure 15. The northwestern corner of the cellar seen from the
southwest. The door jamb and the younger wall bench can be
seen. Where the door opened, the bricks are set diagonally, and
the primary function of the wall bench was probably to conceal
and seal in front of projecting foundation stones.

the cellar, Floor 4, was represented by a 6- to 10-cm-thick
heterogeneous/stirred-up marine clay layer, above which a
decomposition layer was found. In the marine clay layer, a

coin minted in Ribe during King Abel’s brief reign in
1250-52 was found.”® (Figure 16, digitalized profile w.
floor layer)

The wood-built stairwell: Just outside the cellar
entrance a largish fill layer was found which concealed
several large post-holes, once the basis of a large, wood-
built stairwell with estimated outside dimensions of 3.4 m
E-W x 2.45 m N-S. Within this structure a wooden
stairway down to the cellar had been placed. The stairwell
itself was borne by four particularly substantial posts. The
two eastern ones had been dug 1.3 m down under the
ground surface while the two western ones had been dug a
whole 2.2 m down. We cannot say with certainty how the
actual staircase up to the upper floor was designed, but the
spacious stairwell suggests several possibilities. The most
likely is a stairway with straight fliers just 2 m wide,
which even at a gradient of less than 45° would end
more than 3 m up the wall. If we reconstruct the stairs
like this, the building must have had at least two floors
above the cellar. There were no certain traces of any
replacements of the stairwell posts.

Dype, dating and function of the building: There are
unfortunately few possibilities for clarifying how the
building looked above ground level. Its demolition —
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Figure 16. Section through the cellar ruin with floor and fill
layer. The intact mortar floors, Floors 1 and 2 are marked in grey.

besides the preserved wall remains — had only left behind
small amounts of rubble that cannot be used to provide
much information on the fixtures of the building, but
comparison with the known secular brick buildings around
1200 in northwestern Europe makes it seem likely that the
upper floors of the building were also brick-built.?” There
were neither moulded nor ribbed bricks in the ruin, nor
were there demolition layers. Since brick was clearly pre-
ferred in the preserved interior facades, there can be little
doubt that the exterior of the building also appeared as a
brick construction. From the excavations come two lime-
stone fragments with traces of dressing, one of which is
equipped with a bevelled edge. These are stray finds, but it
is likely that they were used as decorative details around
windows or doors. The ruin’s only preserved stylistic
feature was the remains of the bevelled cellar door.
Openings of this type are well known in Romanesque
buildings, and undoubtedly the door opening had a
round-arched covering. In the fill layer of the cellar one
fragment of a glazed pantile was found. This is the only
find of a tile in the excavations which probably comes
from the roofing of the brick house, which very likely had
a pitched roof.*® Beyond this the building must have had a
door into the ground floor and a door into the upper floor.
All three floors must have had lights, the building must be
supposed to have had heating facilities — presumably brick
fireplaces with a chimney in one of the gables.

The two coins from the floor layers show that the
building must have been erected some time before 1234,
and the first quarter of the 1200s is proposed here. There is
nothing to indicate that the building survived the demolition
of the other features, and the thorough demolition is unli-
kely to have taken place much later than 1260. It is notable
that during its short functional lifetime at least three con-
siderable rebuildings took place in the cellar room. The
limited archaeological investigations of the floor layers
could not answer the question of the function of the build-
ing, but the find of two coins might suggest some degree of
monetary activity in the cellar of the rooms above. There
may have been wooden buildings up against the not fully
uncovered north side of the brick house.

The actual building type — a quadratic brick house in
several floors built in the twelfth to thirteenth century — is
now known from a number of archaeological investiga-
tions all over the country as well as many foreign

parallels. Such brick buildings seem to have been a fre-
quently occurring element on the properties of the aristoc-
racy, whether they were located in the countryside or in
town.”” Similar buildings are now familiar from large
parts of the northwestern European area, where they
were built until sometime in the thirteenth century.*”

The brick house at Lustrupholm would have been the
prestigious centre of the complex, and its red walls and
glazed roof would have been elevated over the landscape
and would have been visible to travellers along both of the
town’s southern exit roads towards Tender and Haderslev/
Schleswig, as a visible sign of the Bishop’s wealth and
power. The brick house must be described as a thoroughly
civilian structure without fortification features. Any
attacker would have been able to burn out the stairwell
and smoke the occupants out without great problems.

Building J

This is a so-called four-post structure forming a square
with side lengths of 3.3 m. In the post-holes, grey-fired
sherds from globular pots have been found, as well as two
brick fragments. The ascription to Phase 3 is uncertain, but
was chosen on the basis of the orientation, which matches
that of Buildings C, F and H. The scattering of forge
refuse may indicate that Building J was also a small forge.

Phase 4: second half of the thirteenth century

In Phase 4 the building stock at the Bishop’s property was
greatly expanded. The order of the expansion is uncertain,
but here it is considered most likely that Building K was
built before Buildings L and M, so for a period the com-
plex had the appearance of a three-winged unit open to the
south. The new buildings have been interpreted as barns or
animal sheds (Figure 17, Phase 4).

Building K

The Bishop’s property was expanded with the extremely
long N—S-oriented Building K, after the arrival of which
the complex was given an open, three-winged structure.
Beneath the northern end of Building K, older features
containing pottery and bones from after about 1200 were
found, showing that the area around the northern end of
the building was used as a refuse dump before the erection
of Building K.

Building K measured 54 m in length, and its width can
be estimated as 6.2 m, resulting in a ground area of
335 m?. The building consisted of two parallel rows of
posts that did not stand in pairs. There were no traces of
openings in the walls, interior divisions or fixtures. At the
south gable, a 1-m deep medieval pit was found; its
placing does not preclude the possibility that it was dug
while the building was standing, but its function could not
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Figure 17. Phase 4. Second quarter of the 1200s. The complex is expanded with animal shed and barn buildings as well as the poker-

straight Ditch 4.

be determined. The great bulk of the important find mate-
rial from the post-hole fill seems to come from refuse
dating before the house was built.

The size of the building points towards a use as a barn
and/or animal shed. The non-uniform number of posts in
the walls suggests that over the posts there had been a wall
plate that bore the roof construction. This is likely to have
been a mud-walled, single-winged building.

Building L

By virtue of its great width and accurate post position-
ing Building L was the most impressive house site of
the excavations (Figure 18). The N—S-oriented building
measured 33.7 x 10.1 m and covered a ground area of
339 m? — the same area as Building K occupied.
Building L’s ground plan was three-winged, and the
roof-bearing posts formed sets across the building
throughout its length. Towards the north, however, one
post was missing in the western and eastern row,
respectively; perhaps they had not been dug as deeply
as the others. The span between the roof-bearing posts
was 6.7 m and the distance between bays was 2.8 m.
The building was equipped with a 1.7-m wide projec-
tion along both walls throughout its length. The orienta-
tion is exactly parallel to that of Building G — a

similarity that suggests that the two buildings stood at
the same time.

The find material consisted of a few animal bones, a
little mud-wall material and bricks as well as 17 potsherds.
At the northern end of one projection a small pit was
found that contained parts of the skull of a young cow.
This was possibly a construction sacrifice with an intended
disease-preventing function.’’

Inside the building a number of double post-holes
were found, greatly resembling stalling partitions, but
their positioning does not harmonize with either the orien-
tation or the post positions of the building.

In its posts and dimensions, Building L recalls the
oldest preserved manorial barns.>> The preserved exam-
ples are head constructions on foundation stones, but may
have had predecessors with dug-down posts. The absence
of finds in the post-holes as well as the possible stall
partitions and the buried cow skull also suggest that the
building was used as a barn and/or animal shed.

Building M

In the northern extension of Building L, a structure
much discussed during the excavations was found —
Building M. It consisted of two 29-m-long post rows
parallel to Building L, where the western post row was
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Figure 18. The three-winged barn or animal shed, Building L, was laid out with great precision. The roof-bearing posts formed pairs,
and by all indications this was a head construction. At the north end of the west side wing of the building, there were stall-like structures
and the arrow marks the position of a buried cow skull — perhaps a disease-averting construction sacrifice.

the best defined. The distance between the rows was 5
m. In addition, towards the east, a 50-cm deep ditch
was found which seemed to have grown over naturally.
The length of the ditch matched that of the post rows.
In two cases, bricks were found in the post-holes, but
otherwise there were no finds. Along the central axis of
the building a large oblong fill layer was registered.

Building M’s orientation and placing provide no reason
to doubt their connection with the rest of the complex. But
the building need not have been very high, and the rafters
may have been anchored in the related ditch. The oval fill
layer in the middle of the building recalls the wear that arises
at the end of animal sheds, and might indicate movements of
animals, which in turn points to a use of the building as an
animal shed. A large gap at the southern end of the western
post-row might have been an opening. Building M is fol-
lowed by the equally distinctive Building N.

Ditch 4

Between Buildings G and K, a large, very straight ditch
was found, Ditch 4, which projected 4 m from the north
east corner of Building G and from there ran eastward in a

direction exactly at right angles to the buildings. The ditch
was of a size that could justify the designation trench, and
could be followed over 96 m before it disappeared in
under a modern residential house. At the excavation
level, the trench was 3.5-4.7 m wide and turned out to
have steep sides shored up with stacked turf. In particular,
the straight termination towards the east was carefully
executed (Figure 19, section of Ditch 4.). Judging from
the cross-sections made, the width was between 4 and 6 m
at the ground surface and its depth was 1.6 m. At the
bottom of the dry trench a growth zone could be demon-
strated, and this was probably grass-covered. The over-
lying fill layers were greyish-brown sand, and the
vegetation growth seems to have been natural. No certain
traces of any earth wall being thrown back into the trench
were seen. The orientation does not suggest that there
were fortification motives behind the establishment of
the feature.

On the southern side, one or perhaps two rows of oblong,
low post-holes were found which may have constituted a
fence. Rather paradoxically, the trench does not seem to have
demarcated the farm, but rather to have divided it up in
accordance with an as yet unknown system.
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Figure 19. The sides of Ditch 4 were shored up with turf. Here
we see the carefully executed western termination.

Phase S: the period up to c. 1260

Building N

Building M was overlaid by a building which, contrary to
the normal house typology, had curved long walls. There
seems to be no doubt about the stratigraphy, and Building
N constituted a relatively well-defined house ruin with a
length of over 28.3 m. The width at the gables was just 5
m, while the width at the middle reached just under 7 m.
In the post-holes, six grey-fired sherds were found as well
as bricks. Building N must be regarded as a light curved-
wall construction that can hardly have been built much
before 1250, but whether the building was equipped with
a roof and whether this was a pitched roof with a curved
roof ridge remains an open question. As for Building M,
use as an animal shed can be suggested.

The finds

In all, 512 find numbers have been collected from the
excavations, covering a total of 6119 objects. The find
material from the Middle Ages makes up a considerable
part of this, and the medieval pottery with its 3181 sherds
is the largest group. The amount of medieval potsherd
material is large compared with other excavated rural
building complexes and is to a great extent due to the
sieving of the excavated features.

In Figure 20, all medieval potsherds are presented and
divided into pottery types. The domestic pottery consists
of the local grey-fired sherds from globular pots, A1/A2,
while the other types were probably all imported from
production areas in northwestern Europe ranging from
the Rhineland over the Low Countries down to the area
around the English Channel.*® With few exceptions, the
imported pottery can be classified as tableware, primarily
in the form of jugs. The great majority of the Lustrupholm

Pottery n %
Local greyware 3004 94.4
Pingsdorf-type 4 0.1
Paffrath-type 6 0.2
Andenne-type 1 <0,1
Glazed redware, jugs 31 1
Glazed redware, white slip, jugs 52 1.6
Rouen type, red-yellow 10 0.3
Rouen-type, green 26 0.8
Proto-stoneware 31 1
Other imports 16 0.5
All 3181 99.9

Figure 20. The total of 3181 medieval potsherds arranged by
ware type. The domestic grey-fired pottery from globular pots is
clearly predominant, while all the other sherds are probably
imported. They come primarily from glazed jugs.

pottery comes from the Bishop’s property, phases 2—5, and
has been dated to the period c. 1200-1260; a period when
the pottery inventory in the city of Ribe is familiar from
many archaeological investigations.>*

There are striking differences between the pottery
inventory at Lustrupholm and in the city of Ribe. The
quantity of imported pottery at the Bishop’s property is
only about 5%, whereas in Ribe itself it is often 20%. The
few imported sherds at Lustrupholm almost all come from
jugs that do not stand out in size or mountings, and the
overall impression of the pottery is that of plainness.

From the fill layer above the ruin of the demolished
brick building, Building H, a large quantity of sherds
emerged. The layer was probably formed by throwing
material into the scrap pit after the demolition, and there-
fore contains a mixture of sherds whose common feature
is that they were dropped or scrapped around the brick
building (Figure 21). In the layer above the cellar, the
percentage of imported sherds approaches 14%; there
also seems to be a clear concentration of tableware around
the prestigious centre of the complex.

Beneath the plank road east of Building G, a small pit
was found containing two coins minted in the reign of
Valdemar II as well as 48 potsherds laid together at the
bottom of the hole. The sherds could be assembled into a
globular pot which when intact was only a little smaller
than the pit itself (Figure 22). The unusual find combina-
tion can be interpreted as an already dug-up coin hoard.>
Duke Abel’s capture of Ribe on 28 April 1247 may have
been the background for the burial of the hoard, but King
Erik Plovpenning’s recapture of the city on 3 June may be
the reason why most of it came into the possession of the
owner again.>®

In 1996-97, Lustrupholm was scanned with a metal
detector. From this there emerged a well-preserved cast
casket lock of a well-known thirteenth C type. In addition,
a fragment of the yoke from a set of scales was found; its
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A682, layer 1 n %
Local greyware 387 86.2
Pingsdorf-type 1 0.2
Paffrath-type 0 0

Andenne-type 0 0

Glazed redware, jugs 8 1.8
Glazed redware, white slip, jugs 24 53
Rouen type, red-yellow 3 0.7
Rouen-type, green 15 33
Proto-stoneware 10 2.2
Other imports 1 0.2
I alt 449 99.9

Figure 21. The fill layer above the ruin of the brick-built cellar,
Building H, is thought to have been deposited during an adjust-
ment of the terrain after the demolition of the building, and thus
to contain sherds scrapped/dropped around the brick building. Of
the 449 potsherds 14% are imported tableware. One can thus
document a clear concentration of imported goods around the
prestigious main building of the complex.

surface was covered with circle markings (Figure 22).
Similar scales are known from the town of Ribe. The
find of the scales is particularly interesting, since it sug-
gests monetary activity which could have been the pay-
ment of duties.

From the excavations come a total of six coins ranging
in time from the first part of the reign of Valdemar II to
that of Christoffer I (Figure 23). They all appear to have
been minted by the master of the mint in Ribe, and their
datings coincide closely with the mention of Lustrup in
the written sources.

In terms of the dating of the find material there is
nothing to indicate activity after c. 1300. Later pottery
types are entirely absent, and if we are to believe the
evidence of the coins, the cessation of activity should be
dated closer to c. 1260.

In quality the find material has its closest parallels
in the finds from the town of Ribe, where all the
find categories from Lustrupholm are frequent. At
Lustrupholm, no decidedly high-status finds were made,
nor was there anything that pointed towards the written
culture such as book mountings, styluses or the like.
Taken together with the plain appearance of the pottery,
it seems most likely that the Bishop and his house-
hold only stayed to a limited extent at Lustrupholm
(Figure 24).

Summary and perspectives

The medieval building complex at Lustrupholm seems to
have arisen in the first half of the 1100s and consisted in
phase 1 of two large farms which may be contemporary or
may have been established successively. In the museum
archives there is no information on other finds from the

Viking Era or the Early Post-Viking Middle Ages, and the
farms may be the “thorpe” village unit that accounts for
the -trup element of the toponym.

The northernmost farm was the largest, but large parts of
it were destroyed by later digging, while other areas are not
accessible to archaeological investigation. Our knowledge of
this probable founder’s farm is therefore fragmentary, but the
sum of the observations suggests that it consisted of a main
building with one smaller building. At one point in the
1100s, the farm was fortified with a possible rampart and a
surrounding trench or moat that was quickly filled in again.
The fortifications may have been established during the civil
wars around the middle of the century. The Chronicle of the
Ribe Bishops says of Bishop Helias (1142—62) that he for-
tified his episcopal farms.*’

To the south lay another farm whose unfortified main
building could be fully excavated. It is unknown whether
Lustrup consisted of more farms than these two. Since
both farm units were obliterated by the subsequent
Bishop’s property, we must suppose that the farms from
the 1100s were also in the possession of the Bishop, and it
would be reasonable to imagine them as farms run by a
tenant-manager (bryde) (Figure 6).

The establishment date for the farm that was later to
develop into the Bishop’s magnate farm is not known, but
it is likely that this happened when Bishop Omer
(1177-1204) held the office. In consisting at first, in
Phase 2, of two equally large buildings where we cannot
clearly identify a main building, the Bishop’s farm already
at this juncture stands out from other archaeologically
known rural units (Figure 8). With the appearance in
Phase 3 of a prestigious brick house whose roof ridge
rose as much as 10 m above the terrain, the magnate
aspect became obvious (Figure 9), and after the erection
of colossal barn and animal shed buildings, the building
stock grew to an extent that as yet has no parallel on
Danish soil (Figure 17). Similar units may conceivably
have been associated with the magnate farms of the
twelfth to thirteenth century, which are known both
archaeologically in the form of usually brick-built cellars
and from written sources.*®

It is a conspicuous feature that the building stock at
Lustrupholm seems to have been constructed on a vari-
ety of principles. In most of the buildings the wall posts
were not in pairs, and the posts must be assumed to
have borne a wall plate on which the roof construction
rested. Some kind of anchor beams must have braced
the buildings crosswise. The constructional separation
of the wall posts and the roof structure permitted the re-
use of the roof structure, whose lifetime must be sup-
posed to have exceeded that of the dug-down posts
considerably. This may have happened in two cases at
Lustrupholm. Only in the large barn/animal shed
Building L were the roof-bearing posts set in pairs,
which must be assumed to have been connected by
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Figure 22. Finds from the excavations. In the pit A355, the heap of sherds shown here appeared, and could be assembled into a more or
less intact, 27 cm tall globular pot. In the fill of the pit the two coins shown were also found; they circulated in the period 1234-55. Could
this be a recovered coin hoard buried during the hostilities in 1247? Detector scanning in the early 1990s uncovered a fragment of the
yoke of a set of scales with surface-covering ornamentation of circular dots as well as the intact cast casket lock with an octagonal lock

housing. On three sides it is decorated with a punched, wavy line.

beams. The varied building types may show in the local
perspective that different carpenters were active at the
farm. In the wider perspective, the differences can also
be seen as an indication that there was rapid develop-
ment in house-building in the period.

The excavations did not provide many answers to how
the buildings looked above ground. The fire site Building

G was mud-walled, and the barn/animal shed, Building L,
may have had stave-built projection walls. Bricks
appeared scattered all over the site, and we cannot pre-
clude the possibility that Building F beside the brick house
had masonry elements. In addition to the tiled roof of the
brick house, the other buildings probably had thatched or
shingled roofs.
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ID Ruler Type and Mint
1301 x 306 Valdemar II (1202-41) Grenafundet 35
1700 x 74 Valdemar II (1202-41) Hbg. 42b, Ribe
1700 x 75 Valdemar II (1202-41) Hbg. 42b, Ribe
1700 x 171 Valdemar 1T (1202-41) Hbg. 42b, Ribe
1301 x 299 Abel (1250-52) MB 50, Ribe

1301 x 42 Christoffer T (1252-59) MB 97, Ribe

Findspot Method
Floor 2/3 in cellar sieving
Recovered coinhoard? A355 excavation
Recovered coinhoard? A355 sieving field
Surface find after completion of 2002-campaign walking
Floor 4 in cellar sieving

Pit, 1998-campaign sieving

Figure 23. The six coins from the excavations presented in chronological order.

Other finds, except building materials
4 whetstonees

Quernstone fragments, Hyllestad-type
Quernstone fragments, Mayen-type

2 horseshoes

Iron loop from copper-alloy bowl

Iron bolt from barrel lock

Smithing debris

2 fragments of glass rings

Glass sherds, drinking vessels

Figure 24. List of meaningful refuse and object finds from the
excavations at Lustrupholm. Building parts, nails and a few
unidentifiable iron objects have been omitted.

The use of the individual buildings may have changed
over time, but the buildings D, F, G and the brick house H
seem to have been wholly or partially residential.

But what was the background for the initial placing of
the Bishop’s property at Lustrupholm and its later growth
into such an extensive complex? One possibility is to
regard it as a traditional manor whose buildings to a
certain extent reflect the land around the farm, but in
several respects this model does not seem adequate. In
that case one would expect to find traces of building stock
of similar extent at other magnate farms investigated, but
so far that has not been the case. Nor does the placing in
the landscape seem — to present-day eyes — to be well
suited to a large estate. The meadows around Haulund
Bak are modest, and large infertile heath areas extend
densely south of Lustrupholm. Moreover, a placing close
to the fertile marshlands would seem more likely for an
exclusively farming-based magnate residence.

Lustrupholm’s location in the local resource area can
thus be characterized as peripheral; but in an overall
traffic and communication perspective, the point at
Lustrupholm has a much more central position. The
buildings lie with easy access to and are visible from
the highways towards both Tender and Haderslev/
Harvejen and at a short distance from the trading centre
Ribe, from which connections issued both to the north
and to the whole northwestern European region. The
placing in the landscape supports an interpretation of
the complex as a nodal point in the physical

administration of the Bishop’s activities. These were
many-sided, but one of them was the collection, storage
and resale of the goods that came as duties, primarily in
kind, to the Bishop. The coins and scales found indicate
that hard cash too may have been used for payment of
dues in whole or in part. One imagines that the farm in
Lustrup was run by the cellarius or butler mentioned in
the letter from 1258, while the find material does not
suggest that the Bishop and his household spent much
time at the place.

The Bishop’s activities in the early part of the Post-
Viking Middle Ages also included a central role in the
military organization of the country. As someone respon-
sible for military levies in the individual dioceses, the
Bishop participated in the provision of war supplies
whether in the form of active military service with his
own men or the equipping of forces. During the func-
tional lifetime of the Lustrup farm, the military levy
system underwent radical transformations, from a system
based on personal military service to a system based on
commutation in the form of payment of taxes. The men-
tion in the written sources of Lustrupholm may indicate
that the farm also played a role in the Bishop’s military
obligations. The settlement from 1233 determined in fact
that the oat duties were to be delivered to Lustrup —
perhaps because there was a large number of horses
there intended for the King’s cavalry? That the military
role of the bishops could be particularly active is evident
from the fact that Bishop Tuvo (1214-30) was one of the
prominent prisoners-of-war who fell into the custody of
the conquering German coalition army after the defeat at
Bornhéved in 1227.>° He was ransomed by the Chapter
for 700 marks of silver.

The reason why the lifetime of the farm extends over
just under a century we cannot say with certainty, but in
the period there were both a number of local physical
changes and great historical developments, each of which
could have contributed to the closing-down of the farm.
The damming of the river Ribe A in connection with the
establishment of the King’s mill took place in the period
immediately before the appeal case in 1255, and the
effect in Lustrup was that the meadow areas were dimin-
ished. All other things being equal, this must have
reduced the agrarian potential of the farm. But the
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military development, when the role of the bishops in the
war levies was taken over by mercenaries paid from the
war taxes, may very well also have been an important
factor.
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Notes

1. Manuscript submitted (2008).

2. Sendergaard (1998). Lustrupholm is today in the parish of
Skt. Katharine, but in the Middle Ages it belonged to
Vester Vedsted parish. Nielsen (1985, p. 60).

3. Feveile and Kieffer-Olsen (2005), Etting and Engberg
(2004, p. 136) and Poulsen (2001, p. 418).

4. The excavation campaign of 2003 received support from
Queen Margrethe II's Archaeology Fund and the
Farumgaard Foundation.

5. The campaigns of 1998-2000 are gathered in the museum
case ASR 1301, while the campaigns from 2002 on are
gathered in the case ASR 1700. SB. No. 190409-22.

6. The burial site from the Bronze Age has been published in
Feveile and Bennike (2002). The finds from the other
periods are unpublished.

7. Matthiesen (1930, p. 112). The road from Ribe runs into
the ancient military road Haervejen at Urnehoved. See also
Matthiesen (1927).

8. Kinch (1869, p. 603).

9. Diplomatarium Danicum (DD) no. 168.

10. DD no. 156.

11. Paludan (1977, pp. 484ff.).

12. DD no. 257.

13. Segaard (1973).

14. Jensen (1987, p. 22).

15. Report on the investigation ASR 491 (1987), drawn up in
2001 by Claus Feveile.

16. Serensen (2003).

17. Madsen (1985), Building 1.

18. Feveile and Jensen (2006, pp. 891f.).

19. ASR 1301 x 278.

20. For a discussion, see Klemensen (2001, pp. 36ff.).

21. During excavation no attempt was made to locate hammer
scales or slag remains.

22. Secondary stoves have been demonstrated archaeologically in
Denmark as far back as c¢. 1100. Kristensen (1999, p. 74).

23. Jantzen et al. (1994, fig. 4).

24. Brick size 25-26 x 10-12 x 7-8 cm. Course sequence:
irregular monk bond with an excess of stretchers. Up to
seven stretchers in a row were seen in some courses.

25. Grenaa find 35. The obverse matches the coin Hbg. 40,
which has been ascribed to Ribe. Galster (1931, p. 224).

26. The coin is of the type MB50.

27. Gléser (2001) and Miihrenberg (2001).

28. Roof pantiles, often glazed, appear in large numbers in the
Ribe culture layers from the 1200s. They seem to have
been the preferred roofing of the time on brick buildings.

29. Callmer (1992), Liebgott (1980, pp. 130f.), Stiesdal (1980)
and Andersen and Nielsen (2000).

30. In the German area, the house type is usually called
Steinwerk or Kemenate. For a comparative treatment cover-
ing the northern European area, see Miihrenberg (2001).

31. ASR1700 x 65. Jensen (1984).

32. Engqvist (1987).

33. Madsen (1999, pp. 73ff.).

34. Madsen (1999) and Sevse (2006, 2007).

35. First suggested by the excavator, Claus Feveile.

36. Kinch (1869, pp. 58f.).

37. Segaard (1973).

38. Callmer (1992), Etting and Engberg (2004) and Stiesdal
(1980).

39. Segaard (1973, p. 272).
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Plant finds recovered from archaeological sites in southern Scandinavia dated to the Viking Age reflect the diversity of
useful plants that were cultivated and collected. This review presents the results of 14 investigations of deposits that
are dated between AD 775 and 1050. The site types are categorized as agrarian, urban, military and burials. Garden
plants are unevenly distributed, as the greatest diversity is recorded in features from urban contexts. We argue that
taphonomic processes played an important role in the picture displayed. Archaeobotanical research results from
neighbouring regions suggest that Viking Age horticulture has its roots in older traditions, and that the spectrum of
garden plants is influenced by central and north-western European horticultural customs, which were to a great extent

shaped by Roman occupation.
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Introduction

This article presents the diversity of evidence for garden
plants from archaeological contexts in southern
Scandinavia dated to the Viking Age (AD 775-1050).
Gardens in prehistory have, for centuries, been a rarely
discussed topic. In recent years, it has been possible to
gain more information by intensifying research in
prehistoric settlements (e.g. Heimdahl 2010). In addi-
tion, interdisciplinary collaboration between archaeolo-
gists and palaeoethnobotanists has become a normal
procedure at many excavations, and archaeobotanical
investigations have been undertaken increasingly in
recent decades. We are now able to date back the evi-
dences for horticultural activities in southern
Scandinavia to a time period before Christianization
took place. Since information on gardening and garden
plants in the written record from the Viking period is
very sparse, the plant material, brought to light by
archaeological activities, is the main source of know-
ledge to reconstruct the diversity and significance of
gardening. Evidence from research on the layout of
prehistoric farms can give hints on the possible loca-
tions of gardens, but when it comes to the spectrum of
cultivated plants, the finds of remains of plants them-
selves are the central source of information.
Archaeobotanical evidence for garden plants from the
Viking Age forms the basis for this article, and the plant
macrofossil record from northern Europe as a whole
indicates that gardening was a widespread practice dur-
ing the Viking Age period.

Definition of the term ‘garden’

Generally garden cultivation can take a variety of forms. A
garden to one particular culture can be a field to another.
Furthermore, the use of the term garden or field can vary
between specialists. In some tropical areas the term garden
is often used synonymous with a field, because horticul-
ture is the dominant land use practice (Van der Veen 2005,
pp. 157). Consequently the definition of the cultivated area
in discussion is important. The focus of this article — the
kitchen garden — is the garden located close to the settle-
ment and characterized by small-scale cultivation of crops.
The kitchen garden is a human construction and it is
defined by two fundamental characteristics: it is delimited
and cultivated. The same can be said for a field and there
is thus no unambiguous division between the two terms.
This becomes more apparent if we look at cultures or at
areas with other societal and climatic platforms than our
own. The term horticulture or gardening defines the use of
a garden, including the cultivation methods.

Other concepts to define a garden in general are the
scale of cultivation, the cultivation methods and the loca-
tion of the cultivated area, as well as the diversity and type
of crop (Gleason 1994; Jones 2005, pp. 165). Generally
the cultivation of a kitchen garden is distinguished from
agriculture by the devotion to cultivation of several spe-
cies together, each species represented by a relatively
small number of plants in contrast to the large-scale field
cultivation of a single crop. Some of the plants grown in
gardens require more intensive cultivation than field crops,
as some garden plants are more demanding when it comes
to manuring, watering and soil management. Plants
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usually considered to be garden crops are vegetables,
herbs and spices, as well as medicinal plants. But fruit
trees and bushes can also be regarded as a common garden
element in the Viking Age. The pleasure garden is often
considered to be a medieval or modern arrangement.
However, many useful plants have a decorative expres-
sion, and a garden layout with an ornamental composition
is possible even in a prehistoric context, although our
knowledge is currently not adequate. Interestingly Ann-
Marie Hansson mentions the possibility of the cultivation
of Jacob’s ladder (Polemonium caeruleum L.) and com-
mon daisy (Bellis perennis L.) as ornamental plants in
Viking Age Birka (Hansson 2001). It is difficult, however,
to find evidence in the archaeological material for the
cultivation of plants for their aesthetic expression alone.

The physical detection of a garden area in the archae-
ological context is often indicated by boundary systems.
The boundary around a garden can consist of elements
such as wooden fences, hedgerows and stone walls as well
as terraces, embankments, roads and buildings (e.g.
Petterson 2002, p. 502). The fence around a cultivation
plot signals ownership and protects the garden from ani-
mals and wind.

When attempting to decide whether a plant is a garden
or field crop, harvesting methods and rotation cultivation
systems are elements to be considered. Many of the plants
denoted as garden plants are inconvenient in the general
field rotation systems as they are either perennial or bien-
nial plants. Furthermore, some vegetables are harvested
successively over a longer period as opposed to, for
instance, cereals. Some useful plants were probably har-
vested from the wild or managed but never cultivated.
This could be the case for sweet gale (Myrica gale L.),
which is a plant that often grows on heathland and on bogs
(Hansen 2005, 137pp.). Some of the oldest written sources
mention sweet gale gardens and the ownership of these,
which indicates that even plant resources located further
away from the settlement could be subject to ownership
rights (Jensen 1979, p. 72). Sweet gale was in this period
probably not a cultivated plant but rather a managed wild-
growing resource (Karg and Giinther 2002).

It is thus not simple to define a garden plant in the Viking
Age or in prehistory in general, because trying to resolve
what was grown in gardens, and what was gathered from
wild-growing plant resources is, in the case of many plant
species, complicated (Karg and Robinson 2002, p. 137). In
addition, many oil and fibre plants thrive in field cultivation,
but there are examples pointing at plants, such as gold of
pleasure (Camelina sativa L.) and flax (Linum usitatissimum
L.), being cultivated by horticultural methods in Scania
(southern Sweden) during the early Iron Age (Regnell
2001). Legumes, such as pea (Pisum sativum L.) and bean
(Vicia faba L.), thrive on large-scale cultivation and are often
considered to be field crops, but additional evidence points to
pea being cultivated in small urban medieval gardens

(Hansen 2008, p. 107). Legumes have several soil-improv-
ing effects to be utilized in garden, as well as in field
cultivation (Korber-Grohne 1987).

In some of the earliest written sources that deal with
gardening and garden crops, the term kdlhave (kale
garden) is mentioned (Hoff 1997). In this context kale
is probably to be understood as a variety of leaf vege-
tables. These could consist of species within the
Brassicaceae family. It is often difficult, however, to
determine the exact species of Brassica on the basis of
archaeological plant macrofossils. Wild-growing spe-
cies of Brassica are frequent on disturbed soils and
can therefore be considered as a part of the local flora
in areas with human activity such as settlements. A
range of species of Chenopodium and Polygonum as
well as corn spurrey (Spergula arvensis L.) have been
discussed as possible cultivated plants (Helbaek 1958;
Mikkelsen 1994, p. 96; Karg 2012). The plants are
edible and are found at many archaeobotanically inves-
tigated sites. The seeds of these plants were also
detected in the gut of bog bodies dated to the early
Iron Age (Harild et al. 2007). However, it is necessary
to take into account that these plants are common weeds
in field crops, and the presence in the stomach contents
of bog bodies could be unintended.

Materials and methods

Records of possible garden plants dated to the Viking Age
are summarized in Table 1 and mapped on Figure 1. The
geographical area discussed includes 14 excavations at 12
localities from present-day Denmark, Scania (southern
Sweden) and Schleswig (northern Germany). The plant
finds consist of preserved plant parts like seeds, fruits,
stems, roots and flowers, but the majority of the finds
are seeds and fruits. Information on the find circumstances
of the plant record has been retrieved from available
archaeobotanical reports as well as published sources,
and the references are given in Table 2. As our focus is
on plant finds dated to the period AD 775-1050, the broad
dating of several archaeobotanically investigated sites and
features has reduced the number of localities available. To
counterbalance the effect of the dating restrictions on the
material, the spectrum of garden plants is compared with
the evidence from northern Europe on a wider timescale
(Table 3).

The sites included in this article have been categorized
as agrarian or urban settlements, or burial and military
sites. The urban sites are defined as settlements in cases
where agrarian production is of less importance compared
with other occupational activities. The establishment of a
regulated marketplace seems to have played a fundamental
role in the formation of the majority of the early urban
settlements discussed here (Nielsen 2010, p. 232).
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Table 1. Finds of garden plants from archaeobotanically investigated sites. The plant species (in a few cases only the identification to
genus level was possible) are listed alphabetically in groups according to their presumed use. Nomenclature follows Hansen (2005).

Site (century AD)

Elisenhof (775-1000)
Archsum (800-1000)

Fyrkat (980)

Plant species

Hedeby settlement (800—1000)

Hedeby harbour (800-1000)
Stengade 11 (900-1000)
Vorbasse (949-1000)

Viborg Sendersg (1018-1035)
Kalundborg (775-1050)
Kosel (775-1050)

Arhus Sendervold (900-1050)
Tinggard (900-1050)

Lund (1020-1050)

Viborg St. Skt. Pederstraede
(1025-1050)

Vegetables and legumes
Angelica (Angelica archangelica)
Bean (Vicia faba)
Bishop’s Weed (4degopodium ° °
podagraria)
Cabbage (Brassica oleracea) °
Carrot (Daucus carota) ° °
Chicory (Cichorium intybus) °
Onion (Allium spec.)
Pea (Pisum sativum)
Herbs, spices, medicinal plants
Celery (Apium graveolens) ° °
Common Butterbur (Petasites hybridus)
Common Soapwort (Saponaria °
officinalis)
Coriander (Coriandrum sativum) °
Henbane (Hyoscyamus niger) ° °
Hop (Humulus lupulus) ° °
Opium Poppy (Papaver somniferum)
Sage (Salvia spec.) °
Fruit and nuts
Apple (Malus sylvestris/M. domestica) °
Cherry (Prunus avium/P. cerasus) °
Damson (Prunus domestica ssp. °
insititia)
Grape (Vitis vinifera) °
Peach (Prunus persica) °
Walnut (Juglans regia) °

Results
Vegetables

The plants are grouped according to their presumed utiliza-
tion. Some of the species may have been used as vegetables,
as well as herbs or medicinal plants. The list of vegetable
species is not indicative of the actual diversity in cultivated
vegetables of this period. The edible parts (e.g. leaves, shoots
and roots) of many vegetables are harvested before seed
production, and as the seeds are usually the most robust
part of a plant and therefore have a greater chance of pre-
servation, the presence of vegetables can be difficult to detect
in archaeological deposits (Karg and Robinson 2002).
Furthermore, the quantity of vegetable seeds harvested and
stored for next year’s planting is presumably quite small
compared with the quantity of those for cereal crops. Table
1 presents the selection of vegetables found in Viking Age

deposits. Among the detected species, a single find of onion
peel from a household waste deposit has been made. Onion
(A!lium sp.) is believed to have been highly appreciated, due
to the strong and spicy taste. Additionally onion has a pos-
sible inhibitory effect on bacteria in food (Billing and
Sherman 1998, p. 17).

Plant species like angelica (Angelica archangelica L.)
and chicory (Cichorium intybus L.) were probably culti-
vated for their green parts, but the roots of chicory are
also useful, and have in modern times been used as a
coffee substitute. It is very likely that these plants were
normally harvested before setting seeds. Angelica is tra-
ditionally considered to be a Viking Age garden plant
(Eggen 1994, p. 45). It is mentioned in the Old Norse
Kings’ sagas from Iceland (Ramskou 1974, p. 53) and the
use of this plant may have its origin in Norway. The
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Figure 1. Map showing the locations with plant macro remains of garden plants discussed in this article. 1: Archsum, 2: Elisenhof, 3:
Fyrkat, 4a: Hedeby settlement, 4b: Hedeby harbour, 5: Kalundborg, 6: Kosel, 7: Fargaren, Lund, 8: Stengade II, 9a: Viborg, St. Skt.
Pederstraede, 9b: Viborg Senderse, 10: Tinggard, 11: Vorbasse, 12: Arhus Sendervold.

single find of angelica from Hedeby (Table 1) may have
entered the archaeological context from natural habitats,
but there is a real possibility that angelica was cultivated
during the Viking Age.

Legumes, such as bean and pea, are present at several
of the incorporated sites and have been cultivated through-
out the Viking Age. Perhaps the introduction of
Christianity with its periods of fasting may have led to
an increase in the cultivation of pea, because pulses were
important as a substitute for meat in the monastery diet
(Hansson 2001, p. 211).

Herbs, spices and medicinal plants

As for the vegetables, the green parts of the plants cate-
gorized as herbs may have been used as a dietary supple-
ment. Sage (Salvia sp.) was probably cultivated for the
aromatic leaves and shoots and was most likely often

harvested before setting seeds. This means that there is
little chance for sage to be detected in the archaeological
record. The seeds of some herbs contain aromatic oils and
they were therefore allowed to grow until seed production.
Coriander (Coriandrum sativum L.) has from this period
been observed as a single find from the Viking fortress
Fyrkat (Figure 1, no. 3), where its seeds were discovered.
Celery (Apium graveolens L.) was probably cultivated as a
herb in this period and it was the seeds of the plants that
were utilized (Greig 1996, pp. 222). The natural habitat
for celery is in salt marshes and meadows, but is also
found today growing wild in the vicinity of previously
cultivated areas (Hansen 2005, p. 372, Behre 1976).
Opium poppy (Papaver somniferum L.) seeds have
been detected in faecal deposits at the site of Viborg
Sendersg (Figure 1, no. 9b), indicating that the seeds
were part of the diet. The plant may have been used for
its oil-rich seeds, but the medicinal qualities have probably
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Longhouse, pit houses, rye deposit

Culture layer
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Pits, wells, fence holes

Harbour sediment

Wells

Site type

the marsh
Military site, burial

ground
Urban, marketplace
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Agrarian settlement in  Settlement layers, manure, well
Agrarian

Burial ground

Agrarian
Agrarian
Urban

Agrarian

Dating AD of included features

800-1000
775-1000
950-1000 (980 dendro)
800-1000
800-1000
775-1050
1020-1050
1025-1050

Information about the archaeobotanically investigated sites. The sites are mapped in Figure 1.
775-1050

Site name

1 Archsum, Sylt

2 Elisenhof
Pederstrade

b. Hedeby harbour
b. Viborg Senderse

5 Kalundborg

8 Stengade II, Langeland 900-1000

3 Fyrkat, Hobro

4 a. Hedeby settlement
6 Kosel, Svans

7 Lund, Fargaren

9 a. Viborg St. Skt.

Table 2.
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also played an important role. Another species known as a
medicinal plant is henbane (Hyoscyamus niger L.). A
concentration of seeds was found in a woman’s grave at
Fyrkat (Figure 1, no. 3). Henbane is not native to the
Scandinavian flora and must therefore have been imported
(Heimdahl 2009, Pentz et al. 2009). The species may have
been introduced to southern Scandinavia as early as in the
Neolithic period (Jensen 1991, p. 312). Seeds are recorded
from Pre-Roman and Roman Iron Age contexts at the site
of Archsum on the Island of Sylt (Figure 1, no. 1) and
Helmut Kroll mentions the possibility that henbane was
cultivated at Archsum (Kroll 1987, p. 75, p. 137). It is
however necessary to take into account the possibility of
the plant having entered the archaeological deposits
from natural habitats, as henbane quickly establishes itself
as a weed around settlements (Heimdahl 2009, p. 123).
Common butterbur (Petasites hybridus (L.) Gaertner, B.
Meyer & Scherb.) is generally thought to have been intro-
duced in Denmark in the fourteenth century as a remedy
against the plague (Lundquist 2007, p. 34), but evidence
from Arhus (Figure 1, no. 12) indicates an earlier pre-
sence. Hop (Humulus lupulus L.) has been found at two of

Moltsen (2005)

Fruergaard and Moltsen (2005) and
Henriksen (2006a)

Henriksen and Mortensen (2008)

Pits by the bank surrounding the settlement, Fredskild (1971)

Floor layer, wells, manure, faeces (human),

= the investigated sites. For a long time, it was assumed that

. f only beer flavoured with sweet gale was brewed in south-

S 3 ern Scandinavia and that hop-flavoured beer did not make

2 T‘j é its entry until the thirteenth and fourteenth centuries (Karg
E E — 9= and Giinther 2002). The finds of hop from Viking Age
GE = sites show that hop as a beer additive was probably

popular earlier than previously assumed. The finds of
hop form a part of a regional pattern already originating

1019-1035 (latrine), 1018-1025 Urban, workshop site

Q
ii in the late Iron Age, which, for instance, is seen in the
2 finds of hop from the royal estate of Jérrestad in Scania
g from the seventh century (Lagerds 2003) and from the
§ § i early eighth-century marketplace of Ribe (Jensen 1986,
552 p. 18; Robinson et al. 2006, pp. 110). Several Swedish
<<= provincial laws, which include some regulations that are
likely to have their origins in the Viking Age, contain
information on the layout of and the directives for the
hop garden (humlegarden; Hoff 1997, p. 117). Here, it is
mentioned that the hop garden can be located within as
well as outside of the area of a farm.
B
i: § § § Fruit and nuts
S g ; z Apple (Malus sp.) remains were detected in a number of
vg T2 features from the Viking Age. Apple has most likely

played a significant role as a diet supplement, as the fruits
can be stored fresh and dried and can be used for the
production of juice and cider. Apples were found in the
Oseberg ship burial in Norway, dated to approximately
AD 850 (Holmboe 1927), and played an important role in
Norse mythology, where the goddess Idun is associated
with apples and youth (Steinsland 2005). In
Charlemagne’s ‘Capitulare de Villis’, four varieties of
apples are mentioned (Strank and Meurers-Balke 2008,

10 Tinggérd, Thy
11 Vorbasse
12 Arhus Sendervold
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Table 3. The chronological distribution of a selection of garden plants illustrates the evidence of garden plants occurring in northern and
central Europe during a time sequence that covers the Roman occupation, as well as the emerging urban settlements in the subsequent
periods (based on Schultze-Motel 1992-94; Kroll 1995-2001; Karg et al. 2007; Strank & Meurers-Balke 2008; Alsleben 2009 and
Heimdahl 2010). Nomenclature follows Hansen (2005).

Before Christ AD 1-400 AD 400-775 AD 775-1050 AD 1050-1300
> >

CAPRERCI | R R A

EBEE|E£EElE3 < EElEET S EE|EEBEE G
Plant species REES5|8 2388|822 88|8E3288|8842 3835
Apple (Malus domestica/sylvestris ) ° o o o oo o o e o o o oo o o °
Bean (Vicia faba ) e o o o0 o o o e o o oo o o oo o o o o
Beetroot (Beta vulgaris) ° ° e o o ° ° °
Bishop’s Weed (4degopodium ° ° e oo . .

podagraria )
Black Mustard (Brassica nigra ) ° o o . e o o °
Cabbage (Brassica oleracea ) o o ° ° ° ° °
Caraway (Carum carvi) ° o o ° ° °
Carrot (Daucus carota ) ° ° e o o o ° . e o oo o °
Celery (Apium graveolens ) e o o oo o o ofe ° ° ° e oo o °
Chicory (Cichorium intybus ) ° ° ° ° e o o °
Common Vervain (Verbena officinalis ) ° ° o o ° °
Coriander (Coriandrum sativum ) ° e o o e o oo o oo o °
Damson (Prunus insititia ) o o o o ° e o o ° e o o °
Dill (Anethum graveolens ) o o e o o ° e oo o o °
Fennel (Foeniculum vulgare ) ° e o o . . °
Garden Cress (Lepidium sativum ) o o ° ° °
Garden Orache (Atriplex hortensis ) ° °
Greater Celandine (Chelidonium majus ) o o ° ° ° °
Good King Henry (Chenopodium bonus- o o o|e °
henricus)

Hemp (Cannabis sativa ) ° e o ° o o ° ° e o o o o
Henbane (Hyoscyamus niger) e o o o0 o o ofe . . e o o °
Hop (Humulus lupulus ) ° ° o o o o o oo o o oo o o °
Onion (Allium spec.) ° ° e o o ° ° o o
Opium Poppy (Papaver somniferum ) e o o o e o o ° ° e oo o °
Parsley (Petroselinum crispum ) ° e o o ° . ° °
Parsnip (Pastinaca sativa ) ° e o o ° ° o o °
Pea (Pisum sativum ) e o o o e o o e o o oo e o o oo o °
Pear (Pyrus communis ) o o ° ° ° e o o °
Plum (Prunus domestica ) ° e o o e o o ° e oo o o o
Radish (Raphanus sativus ) ° ° °
Rue (Ruta graveolens ) e o o °
Sage (Salvia spec.) . ° . °
Savory (Satureja hortensis ) e o o o o ° ° °
Sour Cherry (Prunus cerasus) ° ° . e o °
Sweet Cherry (Prunus avium ) o o e o o o o . o o e o
Thyme (Thymus spec.) ° .
Turnip (Brassica rapa ) ° o o e o o ° e oo o o °
White Mustard (Sinapis alba ) e o o ° °
Wild Mignonette (Reseda luteola ) o o e o o o o ° °
Woad (Isatis tinctoria) e oo o o ° °
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p- 322). Archaeological finds of “damson” (Prunus
domestica ssp. insititia) indicate that this fruit was intro-
duced during the Viking Age — perhaps the finds reflect
the pioneer cultivation of plums in southern Scandinavia.
At the burial site Stengade II (Figure 1, no. 8), six “dam-
son” fruit stones were found in a female grave. The stones
were placed in a small casted bronze box which had been
wrapped in fine linen (Fredskild 1977, p. 25). Karl-Ernst
Behre has made a thorough examination of the stones of
“damson” found at Hedeby (Figure 1, no. 4a) and Old
Schleswig (Behre 1978). As a result, the fruit stones were
divided into four probable subspecies of which one —
Formenkreis A — was by far the most common until the
thirteenth century. Formenkreis A is almost exclusively
the only variety of plum detected at Hedeby. This raises
the question of whether the art of grafting was known in
Viking Age Hedeby. However, the subspecies has the
predisposition to produce root suckers, which can be
replanted and grow into new plum trees with identical
fruits (clones) (Kroll 2007, p. 320). Sweet cherry
(Prunus avium L.) has been found at military camp sites
and urban settlements as well as in rural areas in the
Roman provinces. The cultivar appears to have been
much appreciated and was probably introduced to the
occupied parts of central and northern Europe during the
Roman Iron Age (Strank and Meurers-Balke 2008,
p- 379). Sour cherry (Prunus cerasus L.) does not seem
to be part of the Roman food tradition. The species has
been found at several slavic castles and settlements in ninth-
century deposits, which indicates that sour cherry came to
western and northern Europe from the east (Kroll 2007, p.
323; Strank and Meurers-Balke 2008, p. 382).

Some of the fruits listed in Table 1 are, in all prob-
ability, imported goods. Species such as peach (Prunus
persica (L.) Batsch) and grape (Vitis vinifera L.), found
at Hedeby, are garden plants, but it is very unlikely that
these species were cultivated in southern Scandinavia
due to climatic conditions (Behre 1983; Kroll 2007, p.
317). However, little is known about the garden techni-
ques and garden equipment available in the Viking Age
period. Cultivation of plants in a specularium (a kind of
greenhouse or hotbed) and grafting were techniques
known in Roman Italy (Farrar 1998, p. 160). Although
it is difficult to confirm the use of horticultural methods
such as a form of greenhouse cultivation in the present
archaeological evidence, it is definitely a thought that
needs consideration in a Viking Age perspective.
Perhaps some of the gardening techniques used by the
Romans followed the exotic plants on their way into
central and north-western Europe.

A great number of nutshells of walnut (Juglans regia
L.) were found at Hedeby. Today walnut is cultivated in
Denmark, but the evidence from Hedeby points towards
importation of the nuts, since neither walnut wood nor
pollen of the species were detected in any of the samples

(Behre 1983, p. 50). New evidence of walnut pollen dis-
covered in Scania from the period of approximately AD
600-800 indicates that the cultivation of walnut trees in
southern Scandinavia is a possible scenario already in the
Viking Age (Bjorkman 2007, p. 205).

Horticulture in southern Scandinavia in a western and
central European perspective

At the beginning of the period in question, horticulture
seems to have involved species that probably had a native
origin in southern Scandinavia or had been introduced as
cultivars in earlier periods. Plant remains of opium poppy,
bishop’s weed (degopodium podagraria L.), henbane, dill
(Anethum graveolens L.), common vervain (Verbena offi-
cinalis L.) and hop are found in features from Iron Age
settlements in Scandinavia (Behre 1976, p. 26; Jensen
1986, p. 90; Kroll 1987; p. 75, pp. 137; Nielsen 1990,
Heimdahl 2010). Species of kale or mustard are present in
pollen spectra from the late Iron Age (Kolstrup 2009) and
legumes have been cultivated since the Bronze Age
(Lange 1997, p. 19). Celery is a native plant growing
along the European coastlines and was probably already
in use before the birth of Christ at sites located along the
shores of the North Sea (Strank and Meurers-Balke 2008,
p. 176). In addition, many species such as common elder
and hazel, generally considered to be collected plants, may
have been incorporated into gardens. It is apparent, how-
ever, that the Roman occupation had a marked effect on
the cultivation of a wide spectrum of plants in central and
north-western Europe. During a relatively short time span,
a great variety of cultivated plants spreads over a quite
large geographical area, as shown in Table 3. Some spe-
cies with a Mediterranean origin found in Switzerland and
south-west Germany, such as parsley (Petroselinum cris-
pum (Mill.) Nym.), dill, celery and rue (Ruta graveolens
L.) even predate the Roman occupation (Jacomet 1988,
Strank and Meurers-Balke 2008, pp. 171, p. 189). Only
rarely are remains of onion and its relatives encountered in
archaeological features, although both onion (4llium cepa
L. var. cepa) and garlic (Allium sativum L.) have been
found in Roman Iron Age deposits in Germany (Kndrzer
and Gerlach 1999). In the southern Scandinavian Iron
Age, onion was clearly important in the diet as well as
symbolically, however. This is apparent from runic
inscriptions of the word /laukaR on gold bracteates
(Hansson 2001, p. 221). Onion is definitely heavily
under-represented in prehistoric samples, which is prob-
ably also the case in samples from medieval and modern
times (Karg et al. 2007, p. 183, table 1). Throughout the
Viking Age the spectrum of garden plants widens in
southern Scandinavia and many of the cultivated species
seem to be rooted in a garden culture originating in south
and central Europe, where these species had been culti-
vated at least since the Roman Iron Age. Some vegetables,
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herbs and fruit species such as parsnip (Pastinaca sativa
L.), parsley, pear (Pyrus communis L.) and sour cherry (P.
cerasus L.) were not detected in southern Scandinavian
Viking Age samples but are present in Viking Age urban
deposits along the shores of the Baltic Sea (Kroll 2007,
Alsleben 2009; p. 68; Heimdahl 2010, p. 271).

Discussion

The spectrum of garden plant species included in this
article contains plants that are generally considered to
have been collected from nature. A wide range of species
has obviously been used by the Vikings and many of them
still today have a natural distribution in southern
Scandinavia. For example, hazel (Corylus avellana L.)
and common elder (Sambucus nigra L.) are repeatedly
found in archaeological features and could have been
deliberately grown in gardens. The nuts and berries from
these plants could also have been harvested from wild-
growing species around settlements, however. The numer-
ous finds of hazel nuts show that they played a significant
role in the diet. In addition, hazel populations may have
been affected by anthropogenic influences on the environ-
ment around settlements, for instance, in the form of forest
clearing, which may have encouraged the propagation of
the species (Kirleis et al. 2011, p. 32). Some of the wild-
growing plants were probably introduced as already culti-
vated species from elsewhere during earlier periods
(Heimdahl 2010, p. 270). In the surroundings of most
Viking Age settlements, a wide spectrum of berries was
accessible, such as bramble (Rubus fruticosus L.), rasp-
berry (Rubus idaeus L.), European dewberry (Rubus cae-
sius L.) and strawberry (Fragaria vesca L.). Rose hips
(Rosa sp.), rich in vitamin C, may have been an important
fruit, and the flowers could have been used for decorative
purposes (Henriksen 2006b). Several records from fruit
trees reflect the significance of wild-growing species as a
dietary supplement, e.g. berries of rowan (Sorbus aucu-
paria L.) and common hawthorn (Crataegus laevigata
(Poir.) DC.; Behre 1983, pp. 45). Furthermore, a number
of species that could have been used as dye plants are
native to the southern Scandinavian flora. Evidence for the
cultivation of plants used for dyeing, dated to the Roman
occupation, is available from the Rhineland (Knorzer and
Gerlach 1999). In archaeological samples with Viking Age
features found in York, England, a number of possible dye
plants were detected (Kenward and Hall 1995, Hall and
Kenward 2004).

The range of Viking Age garden plant species is likely
to be much more diverse than is reflected by the present
state of the art. So far, the spectrum can only tell us to a
limited extent about geographical variations in garden
traditions in southern Scandinavia, although it is to be
expected that there were variations between the regions.
The limitations are essentially of taphonomic character

(Heimdahl 2005). Figure 2 shows that a greater number
of plant species were found in towns (urban sites) than in
agrarian sites. One of the main reasons is that the plant
finds in towns are mainly preserved in waterlogged con-
ditions. By contrast, the plant finds in agrarian sites are
mainly preserved in carbonized (charred) conditions, with
the exception of the site at Elisenhof (Figure 1, no. 2).

Figure 3 shows all the factors influencing the presence
of a plant species in an archaeological context. Various
natural and cultural factors affect the diversity of garden
plants in the plant macrofossil record. Biological aspects
such as the frequency and quantity of seed production, as
well as the robustness of the seeds and other kinds of plant
tissue, have to be considered too. Many garden crops are
harvested before seed production and the handling of the
plants, e.g. cooking and drying, will have an effect on the
spectrum of plants that enter the archaeological context.
Depositional processes probably constitute one of the
main sources of differences in the record between urban
and agrarian sites. In the urbanized environment, there is a
quicker accumulation of cultural layers and the cultural
layers are more rapidly sealed. At agrarian sites the
organic waste is presumably utilized as manure, and the
accumulation of layers is therefore limited. Organic mate-
rial is usually preserved either by waterlogging or by
carbonization, where the decomposition of the organic
compounds is reduced or stopped (Andréasson and
Hansson 2010, pp. 328). Carbonized seeds are resistant
even in oxidized layers. Uncarbonized plant parts, how-
ever, are usually preserved in biologically inactive layers.
Waterlogged features and sediments which are deficient in
oxygen, such as wells, latrines and bogs, contain ideal
conditions for preservation of uncarbonized organic mate-
rial. As a result, conditions for preservation by waterlog-
ging are generally more frequently present in urban layers,
although features with good preservation conditions by
waterlogging also exist in agrarian settlements, e.g. in
wells and pits. Waterlogging generally preserves a more
extensive and complete range of plant species and fragile
plant material such as bran, kitchen refuse and faeces
(Heimdahl 2005, p. 29; Moffett 2006, p. 42). Finally,
processes such as reworking of soil layers and farming
activity, as well as vagaries of sampling and analysis
procedures, will influence the fossil record from archaeo-
logical contexts.

A greater number of plant species have been found at
urban sites than at agrarian settlements. Early urban settle-
ments or marketplaces were increasingly dependent on the
production of food and textiles from the agrarian settlements,
and in return, commodities traded over long distances were
distributed from the marketplaces to the surrounding agrar-
ian settlements (Steuer 2007, p. 150). Interaction and trade
between urbanized settlements and the surrounding agrarian
sites are thus reflected in the general archaeological material,
but so far this is very sparingly displayed in the fossil record
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Figure 2. Number of plant species detected at different site
types, preserved either by waterlogging or carbonization.

of garden plants. The reason for this could be due to the
taphonomic processes outlined above. Future sampling from
agrarian settlements — especially from waterlogged layers —
will most probably change the picture of garden plant diver-
sity for this type of site. During the centuries that followed
the Viking Age the first towns were established in southern
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Scandinavia and thereby the spectrum of garden plants
increased (Karg 2007, 2010). It has been suggested, on the
basis of the written record, that the medieval towns func-
tioned as horticultural innovation and distribution centres
(Tollin 2005). Again, these distribution channels do not
seem to involve the surrounding agrarian settlements to a
very high degree. More research into the garden plant spec-
trum for agrarian sites is essential in order to address this
topic, using the archaeological record of garden plants.

It seems likely, however, that the urbanized settlements
and marketplaces in the Viking Age functioned as gates,
through which new cultivated species were introduced,
and it has been suggested that the introduction of some
new garden plants was initiated through connections
between royal seats and marketplaces in Scandinavia and
central European elite culture in the Viking Age
(Heimdahl 2010, p. 271). The connection between
Scandinavian sites linked to the royal sphere and
European elitist customs is further emphasized if the
finds from the ring fortress Fyrkat are taken into account,
as the ring fortresses are generally considered to be con-
structed by a royal power. The Fyrkat plant finds include
coriander, cabbage (Brassica oleracea L.) and sage and
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were originally interpreted as imports with an eastern or
central European origin (Helbaek 1977, pp. 38). Recent
strontium analyses have, however, indicated local cultiva-
tion (Karg et al in preparation).

Conclusions

In general prehistoric gardens and horticultural history in
Scandinavia have been overshadowed by agricultural
research, although the histories of garden and field culti-
vation methods are intertwined. Horticulture, in a variety
of forms, has probably played a very important role for
subsistence since the Stone Age. Cultivation of vegeta-
bles, herbs, spices and fruits in gardens was a widespread
activity in the Viking Age, and inspection of the fossil
record from archaeological samples makes it possible to
visualize the cultivated garden in this period. Taphonomic
restrictions may, however, limit the spectrum of plants
detected. Furthermore, preservation conditions may
obscure the picture of garden cultivation in agrarian settle-
ments and lead to the idea that garden history is linked to a
particular social class or environment. It seems likely that
the early urban centres in the Viking Age functioned as
gateways for new cultivated plants, which was probably
also the case with the emerging towns in medieval
Scandinavia. It remains elusive, however, to what extent
new plants were distributed in the agrarian hinterland. The
apparent under-representation of the range of cultivated
garden plants may be compensated for by glancing at the
plant remains of horticultural crop plants from neighbour-
ing regions. The Roman occupation of large parts of
Europe seems to have functioned as an impetus in the
introduction of numerous garden plant species in the sub-
jugated regions. The Romans brought along their food
traditions and garden culture and it appears that many of
the species incorporated into central and north-western
Europe during the Roman Iron Age were gradually intro-
duced into southern Scandinavia during the Viking Age,
where the rulers of that time practised an expansive for-
eign policy. Evidence from northern Europe indicates that
a wide range of garden plants was grown, and that more
are waiting to be discovered in future excavations.
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Forty-four pollen spectra from 25 megalithic tombs (5 dolmens and 20 passage graves) in eastern and northern Denmark
reveal a highly varied landscape with remains of woodland, coppice woods or secondary woodland and open areas of grass
and herb vegetation. Very often there are traces of tree burning. The dominant land-use was cereal growing on burnt sites
and pasture. A long-fallow swidden rotation based on the burning of coppice, cereal growing, pasture and coppice

regeneration is indicated.

Keywords: soil pollen spectra; megaliths; swidden rotation; land-use; agriculture; Neolithic

Introduction

Excavations and restorations of megalithic tombs in
Denmark have revealed a wealth of information about
the high cultural and technological level of the mound
builders (e.g. Hansen 1993, Dehn et al. 1995, Dehn
et al. 2000). The tombs thus bear evidence of a highly
developed society, whose wealth permitted the building of
magnificent monuments and the production and sacrifice
of highly refined inventory. The tombs, however, give no
visible evidence about the setting of the landscape in
which they are built and the economic background for
these extravagances. Nevertheless, the mounds themselves
offer possibilities for revealing such information, if appro-
priate methods are employed.

Pollen grains in soils buried in megalithic graves

Underneath the mounds, traces of the land original sur-
face often occur. In these soil horizons we can find pollen
grains, which were deposited on the land surface and
then buried in the soil by the soil fauna. Pollen grains
buried in soils are destroyed by microorganisms within a
few years in calcareous and aerobic soils but may be
preserved for a very long span of years in more acid
soils (Andersen 1979, Dimbleby 1985). The erection of
a mound around a megalithic grave sealed off the origi-
nal soil and hindered further breakdown of the pollen
grains buried there. The pollen present in these soils is

strictly of local origin (Andersen 1992). These pollen
spectra are, therefore, narrowly focused in space and
time and thus may reveal vegetational composition and
possible management methods used by the mound
builders at the mound site.

Sections through megalithic burial mounds have
revealed that the earth used for building the mounds
very often was taken from the land surface around the
mounds. Pollen spectra from these layers may differ from
the soil under the mound itself and, therefore, indicate
variations of the vegetation around the graves (Dimbleby
1962, 1985, Andersen 1992).

The soils buried in megalithic mounds in Denmark are
usually of the brown earth type, in which the pollen
spectra reflect the most recent vegetation at the site.
However, in cases of rapidly changing vegetation stages,
differing pollen assemblages may have become mixed
during the burial in the soil (Andersen 1992).

The practice of burning felled trees on the ground can
be recognized because the pollen grains buried in the
topmost soil have been deformed by the heat in a char-
acteristic manner (Andersen 1990, 1992). Tree pollen
affected in this way frequently occurs in the soil samples,
an indication that tree vegetation has been felled and
burned on the site. If a burnt area is invaded by herb
vegetation, one may find pollen from the burnt trees
mixed with pollen from the herb vegetation in the same
soil sample (Andersen 1990).

This manuscript was finished in 1996 for a planned conference proceedings that unfortunately never was published. Before the death of
the author in 2009 he gave his consent to the publication of the manuscript in DJA. The manuscript is published here in its original form
with minor adjustments to comply with the reviewers’ suggestions and journal requirements (Peter Rasmussen, GEUS).

Deceased.
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The landscape of megalithic tombs in Denmark

Soil samples were collected during a megalith restoration
campaign and other archaeological investigations in
Denmark. Samples from a few of the tombs were devoid
of pollen, presumably because of very intensive biological
breakdown. Forty-four pollen spectra were obtained from
25 tombs (5 dolmens and 20 passage graves), from the
Middle Neolithic Period I A in eastern and northern
Denmark (Figures 1 and 2). The tombs were situated on
a more or less sandy till substrate, and the pollen spectra
did not reflect geographical differences.

Landscape variation, as reflected by the 44 pollen
spectra, is shown in Figure 3. This triangular diagram
illustrates the representation of original woodland, second-
ary woodland or coppices and open land within the indi-
vidual pollen spectra. Common English names for plant
species follow Clapham et al. (1952), and Latin names
follow Tutin et al. (1964—1980). Lime (7ilia cordata) was
common before the introduction of agriculture, whereas
early-successional trees such as hazel (Corylus avellana),
birch (Betula sp.) and alder (Alnus glutinosa) were com-
mon in secondary woodlands created after disturbance of
the original lime woodlands. Open areas are characterized
by non-tree vegetation, mainly grasses and herbaceous
plants. The triangular diagram in Figure 3, therefore,

Figure 1. Map of Denmark showing the location of megaliths
with pollen spectra from soil samples included in this study.

Figure 2. Previous to the restoration of the Tustrup passage
grave, eastern Jutland, an excavation revealing the buried topsoil
was carried out. During this excavation pollen samples of the
different soil horizons under the mound were collected (photo:
Torben Dehn).

reflects the occurrence of lime-woodland (dots in the
lower left-hand corner), secondary woodland or coppice
(dots in the lower right-hand corner) and sites invaded by
herbaceous vegetation (uppermost corner). The circles
around the dots in Figure 3 indicate sites where felled
tree vegetation had been burned on the ground.

The wide distribution of dots within the triangle
reflects the presence of a very diverse landscape at the
time of megalithic tomb construction. A cluster of dots
towards the lower left corner is dominated by lime and
indicates relic lime woodland. These dots are somewhat
separated from the baseline due to the presence of 20-30%
herbaceous pollen. These relic lime woodlands from
Middle Neolithic time were less dense than the undis-
turbed lime woodlands from earlier times (Andersen
1984). The lime woodland on three sites had been felled
and burned just before the mounds were built. Another
cluster of dots occurs in the lower right-hand corner.
These dots indicate secondary woodland, which, in nearly
all cases, had been burned just before the mound building.
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Figure 3. Triangular diagram, indicating landscape variation of
the megalithic tombs according to pollen spectra from soil sam-
ples. Each dot represents a pollen spectrum from one soil sample.
Lower left-hand corner, woodland 100%. Lower right-hand cor-
ner, coppices 100%. Uppermost corner, open land (herbs) 100%.
Open circles indicate pollen spectra where more than 20% of the
tree pollen was deformed due to heating from ground fires.

Twenty-eight pollen spectra (64%) are concentrated to
the upper half of the triangle in Figure 3. These dots
indicate sites where trees had been replaced by herbaceous
vegetation. At the majority of these sites, trees had been
burned prior to the invasion by herbs.

The pollen spectra from the megalithic tombs in
Denmark indicate a highly diverse vegetation that was
strongly influenced by human activity. Most of the former
lime woodlands had been transformed into coppices, and the
coppices, in many cases, had been invaded by herbaceous
vegetation. Hazel, alder and birch were common in the
secondary woodlands due to human interference. The wood-
lands had been felled and burned at 29 sites (66%) either at
the time when the mounds were built or prior to invasion by
herbaceous vegetation. The wide use of fire indicates a
swidden agriculture system (also known as slash-and-burn
or shifting agriculture), where coppices were produced and
then burned and used for agricultural purposes.

Land-use in the megalith landscape

The composition of the non-tree pollen reflects agricul-
tural practice. There were three main components present,
woodland herbs, grasses (and other herbs) and ribwort
plantain (Plantago lanceolata, Andersen 1992). Figure 4
shows the occurrence of these plants in the individual
pollen spectra.

Megalith land-use

Ribwort plantain

O)

Cultivated °

Pasture

Fallow

Woodland

Grasses &
herbs other herbs

Figure 4. Land-use in megalith time according to the composi-
tion of the non-tree pollen in soil samples. Lower left-hand
corner, woodland herbs 100%. Lower right-hand corner, grasses
and other herbs 100%. Uppermost corner, ribwort plantain 100%.
Open circles indicate pollen spectra with traces of cereal
cultivation.

Woodland herbs, including bracken (Pteridium aquili-
num) and mugwort (4Artemisia), were associated with the
coppice vegetation. The dots in the lower left-hand part of
the triangular diagram in Figure 4 represent this herbac-
eous vegetation at coppice sites.

The grasses and other herbs indicate herb vegetation,
which had invaded the burnt coppice areas. Five of these
sites show distinctive traces of cereal cultivation (enclosed by
circles in Figure 4). Plants, which prefer bare soil and avoid
dense herb vegetation, were particularly frequent at these sites
(12-26%) together with cereals (barley and wheat, Table 1).
The pollen spectra in the lower right-hand corner, therefore,
indicate burnt sites used for cereal cultivation.

Sites with frequent ribwort pollen (20-60%) occupy a
major part of the triangle in Figure 4 (26-50%). Grazing
by livestock prevents the flowering of grasses and most
other herbs, whereas ribwort plantain continues to produce
new flowering spikes from leaf rosettes. The enormous
quantities of ribwort pollen at the megalithic sites, there-
fore, indicate widespread grazing of the herb vegetation,
which had invaded the burnt coppice sites.

Swidden rotation in megalithic time

The pollen spectra from the Middle Neolithic megalith sites
indicate that lime woodlands and secondary woodlands of
lime, birch, hazel and alder had been felled and burned for
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Table 1. Bare soil plants, Crucifer family, Ribwort Plantain and grasses (in % of non-tree pollen) and deformed tree pollen (in % of

tree-pollen).

Bare soil plants 259 26.3 11.8 12.7 13.0
Barley, Hordeum type 7.0 4.4 3.9 6.3 3.9
Wheat, Triticum type - 0.6 0.8 0.2 1.3
Sheep’s Sorrel, Rumex acetosella 15.0 13.4 2.4 3.9 1.3
Cornflower, Centaurea cyanus 0.7 1.3 0.8 0.5 -
Knotgrass, Polygonum aviculare 1.2 4.4 - 0.5 6.4
Persicaria, Polygonum persicaria - - - 0.2 -
Tartarian Buckwheat, Fagopyrum tataricum 0.5 - - - -
Corn Spurrey, Spergula arvensis - - - 0.2 -
Field Madder, Sherardia arvensis - - - 0.2 -
Hemp-nettle, Galeopsis type - 0.6 - - -
Goosefoot family, Chenopodiaceae 1.2 - 1.6 - -
Great Plantain, Plantago major - - 1.6 - -
Annual Knawel, Scleranthus annuus 0.2 - — — -
Perennial Knawel, Scleranthus perennis - 1.3 - 0.7 -
Stonecrop, Sedum - - 0.8 - -
Sheep’s-bit, Jasione montana - - - 0.2 -
Crucifer family, Brassicaceae 6.5 18.6 34 0.7 6.4
Ribwort Plantain, Plantago lanceolata 6.1 10.3 9.4 6.6 1.3
Grasses 42.4 294 23.6 64.0 70.1
Deformed tree pollen 21.2 48.7 54.8 15.2 30.2

use in cereal cultivation and livestock grazing. Soils under
burnt tree vegetation are well suited for the cultivation of
cereals for a short period (Steensberg 1955, 1979, Reynolds
1977, Ehrmann et al. 2009). Due to mixing of the pollen, an
arable stage is difficult to trace at sites where extended
periods of livestock grazing followed. Cereal cultivation
can, therefore, only be traced in those cases where the
mounds were built in arable fields. However, the presence
of ard marks under many megalithic mounds (Kristiansen
1990, Thrane 1991) indicates that cereal cultivation was
more common than suggested by the pollen spectra.
Widespread use of a swidden rotation system in mega-
lithic time can, therefore, be suggested (Figure 5). This
changed lime woodlands to secondary woodlands which
served as fallow land. These were then felled and burned,
to be used for cereal cultivation and prolonged livestock
grazing. These phases occurred simultaneously in the
megalith landscape, and mound building took place during
various stages (indicated by broken lines in Figure 5). It
can also be surmised that secondary woodlands were re-
established by invasion of trees on abandoned pastures.

Swidden rotation at the Tustrup megaliths

The pollen buried in the brown-earth soils reflect vegeta-
tion at the sites shortly before and at the time of mound
construction. A longer sequence of vegetation phases may
be preserved in soils with a low biological activity. The
pollen grains are transported downwards from the surface,
but mixing of the pollen assemblages is less pronounced
than in fertile soils. A vegetational sequence can, there-
fore, be recognized in soils of this type (Andersen 1979).

At Tustrup on Djursland, East Jutland (Figures 1 and
2), samples were collected beneath a passage grave and a
dolmen originally excavated by P. Kjerum (Kjerum
1958). A sequence of vegetation phases could be recog-
nized in a sandy soil beneath the passage grave (Figure 6).
In the oldest phase 1, tree vegetation (birch dominant) was
replaced by herb vegetation with dominant ribwort plan-
tain. High frequencies of birch pollen deformed by heating
indicate that the coppice had been burned before it was
replaced by grazed herb vegetation. In phase 2, the graz-
ing was abandoned and the area was invaded by birch
trees. The birch coppice was burned again, and there are
traces of renewed grazing (plantain). A birch coppice was
re-established in phase 3 and was felled at the time when
the grave mound was built.

The vegetation sequence at the passage grave at
Tustrup shows that birch coppices were burned and used
for pasture and then re-established in a swidden rotation
system. Ard marks indicate cultivation at the site, but a
horizon with cereal pollen could not be identified. It can
be suggested that cereals were cultivated at the beginning
of the first grazing phase.

A shorter sequence was preserved in a soil found
beneath the dolmen at Tustrup (Figure 6). Here, a birch
coppice was burned and then replaced by pasture
vegetation.

Swidden rotation as a basis for the economy of the
megalith people

The pollen analyses from soils in the megalithic graves
indicate that the landscape around the mounds was used
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Figure 5.  Model for swidden rotation in megalith time based on

pollen analyses of soil samples. The broken lines indicate levels
represented by pollen spectra.

intensively for swidden rotation, where coppice woods
were burned and re-established after cereal cultivation
and grazing. Birch coppices are easily developed by self-

sowing (Linkola 1916, Gronlund 1995) and trees such as
lime, hazel and alder can be rejuvenated by sprouting from
the stumps of felled trees (Worsee 1979).

In historic time in Finland, barley was grown for
up to eight seasons on swidden sites after a fallow
period of 15-40 years (Voionmaa 1987, Gronlund
1995). Swidden rotation also improves pasture for cat-
tle (pasture burn-clearing, Massa 1987). Similarly, the
use of long-fallow coppice rotation in megalith time
provided a basis for cultivation of crops and produc-
tion of cattle fodder without necessity for manuring.
The purpose of the swidden rotation thus appears to be
twofold: cultivation of cereal crops and production of
livestock, the latter of which was probably the more
important (compare Madsen 1982, Jensen 1994). Both
products were essential for the economy of the mega-
lith people.

Swidden rotation requires extensive areas and is
profitable only as long as the rotation cycles remain
long enough, however, increased population growth
may necessitate a shortening of the rotation cycles,
thereby diminishing crops (Gronlund 1995). In eastern
Finland, overexploitation led to development of arable
cultivation on permanent fields (Gronlund 1995).
Scarcity of trees and very high percentages of plantain
at many megalith sites in Denmark (Figures 3 and 4)
might be an indication of overexploitation. Such over-
exploitation might have contributed to a greater
emphasis on intensive cereal growing on permanent
fields in the Middle Neolithic stages A II-V, which
followed the period of megalith construction (MNA I,
Jensen 1994).

Tustrup megaliths
Soil pollen analyses

Trees / Herbs Grasses

Dolmen

I i

Passage
grave

7

Plantain Burnt tree pollen

Grazing
Burning

N,

3 Tree regeneration

Burning
Grazing
Burning
Tree regeneration
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Cultivation ?
Burning
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Figure 6. Pollen diagrams from soils under megalithic graves at Tustrup, eastern Jutland. The soils were 3 cm deep (dolmen) and 15 cm

deep (passage grave), respectively.
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This article explores inter-artefactual relations in the Nordic Bronze Age. Notions of copying and imitation have been
dominant in the description of a number of bronze and flint artefacts from period I of the Nordic Bronze Age (ca. 1700—
1500 BC). It has been argued that local bronze manufacturers copied imported foreign artefacts, and that lithic producers
tried to imitate bronze artefacts in flint. This article argues that these archaeological attitudes to resemblance in the material
repertoire are a product of typological analyses, but that it is possible to reclaim the cultural reality of similarity by looking
at artefactual similarity as the results of prototyping and as a production of simulacra. In this light, the concept of copying
turns out to be more than simply a matter of trying to imitate an exotic or prestigious original, and it fundamentally raises
the question how different a copy can be from its model and still be a copy.

Keywords: copying; imitation; similarity; difference; types; prototyping; simulacra; flint; bronze; Nordic Bronze Age

period I

Introduction

By the beginning of the Bronze Age, metal artefacts began
circulating in Southern Scandinavia in quantities that were
hitherto unknown. While standardised objects of a limited
number of types had been around for centuries, the earliest
Bronze Age (ca. 1700-1500 BC, Montelius period I)
witnessed an expansion in the quantity, quality and
forms of metal artefacts. In the archaeological literature,
some of the most famous examples of metal objects from
this time are frequently referred to as ‘copies’ or ‘imita-
tions’ of artefacts imported from faraway landscapes; for
example, swords of the so-called Hajdusamson-Apa type,
which were imported from present-day Hungary and
Romania. However, so-called imitation not only occurred
in bronze, but also across material categories. Thus, flint
objects were occasionally made to look like bronze arte-
facts, and archaeologists also regularly refer to these
objects as copies or imitations of other artefacts; for
example, the flint scimitar from Favrskov on Funen,
which is believed to be modelled on the bronze scimitars
from Roerby on Zealand. Hence, the logic is that objects
with approximately similar forms can be regarded as
copies of one another.

But when we look at the production of bronze artefacts
in the same period from a more critical perspective, the
occurrence of artefactual resemblance turns out to be
slightly more complicated. The archaeological literature
typically uses other terms than ‘copy’ or ‘imitation’,
when describing artefacts of similar forms manufactured
in large quantities, namely ‘type’. Hence, a spearhead of
the so-called Bagterp type is not referred to as a copy of
another spearhead of similar appearance; the two

spearheads are instead seen as repetitions of the same
form or, in conventional archaeological terminology, two
examples of the same type. The problem is, however, that
when we look closer at the different examples of the
artefacts that are described as belonging to the same
type, then they all turn out to be different. Sometimes
the differences are minute, at other times they are imme-
diately apparent. We may thus identify a tension between
archaeological notions of ‘type’ and ‘copy’, which calls
for a critical engagement with how we define the concepts
and what attributes we recognise in artefacts.
Conceptualisations of ‘copies’ may differ widely and are
inherently circumscribed by cultural notions. In a stringent
positivist sense, there can never be exact copies as the
copy will always be different in time and place from the
original (Groom 2001, p. 9, Lefebvre 2004, p. 7). On the
other hand, cultural perceptions may deem even rather
different things ‘same’, which means that sameness and
difference can oscillate between the conspicuous and the
subtle (Groom 2001, p. 10, for a variety of perspectives,
see Goodman 1981, Goodrich 1988, Preciado 1989,
Elkins 1993, Schwartz 1998, Willerslev 2004, Cox 2007,
Boon 2010, Jiménez 2010, Kalshoven 2010, Tinari 2010).

In this regard, the nature of bronze work turns out to
play an interesting role for our understanding of similarity
and difference at the beginning of the Bronze Age. Since
the production of bronze artefacts implies a casting pro-
cedure, it also offers the potential for replicating existing
artefacts by making identical models in clay or wax or by
reusing moulds for new casts. This means that the simila-
rities and differences that can be observed in the metal
repertoire of period I of the Bronze Age in Southern
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Scandinavia should be seen in the light of the new man-
ufacturing technology that would have the potential for
generating novel epistemologies and new notions of
objecthood. Even though metal was also circulated and
produced in the Late Neolithic, the repertoire and quantity
clearly seem to expand in period I. The epistemological
underpinnings of the expansion of the new technological
potential moreover imply that similarities as well as differ-
ences in the metal repertoire can be seen as deliberate and
culturally meaningful at this time and cannot exclusively
be treated as mere typological differences or variations of
types. Following, the question is to what extent archaeol-
ogists conflate the similarities and differences that are
constructed in typological analyses with culturally mean-
ingful resemblances and differentiations.

This article seeks to address artefacts from an analytical
angle that explores artefactual similarities and differences at
a cultural level, rather than approaching sameness and
diversity through typological analysis. The motivation for
exploring an alternative to typological analysis is based on
a general problem in the typological approach and emerges
from the issues raised above: do analytical types correspond
to ‘real’ types? This is, of course, a classic debate in
archaeology (see also discussions in, e.g. Krieger 1944,
Spaulding 1953, Ford 1954, Steward 1954, Hill and
Evans 1972, Adams and Adams 1991, Serensen 1997),
which I do not wish to recapitulate here, but simply make
the point that if we seek to understand an interplay between
similarity and difference as a cultural mode of perceiving
and constructing artefacts, then we also have to acknowl-
edge that ‘resemblance’ is a cultural phenomenon and not a
schematic category.

A closely related problem transpires from the issue
above: do typological classifications of artefacts correspond
in any way to past perceptions of the very same artefacts?
Can we, in other words, assume a connection between the
analytical coordinates of a group of objects and the cultural
perception of those objects? Recent anthropological work,
for example, contains a challenge to the ease with which
archaeology frequently looks at artefacts through an analy-
tical gaze with no or little reference to the cultural percep-
tion of the artefacts. It has been suggested from a number of
perspectives that objects and concepts can sometimes be
understood simultaneously at a variety of ontological strata
or as constantly changing, implying that ontologies may be
‘multiple’ (e.g. Henare et al. 2007, Holbraad 2009) or
‘chronically unstable’ (Vilaga 2005). If this was also the
case in the Early Bronze Age, we may suspect that a given
artefact would not be broken down to one firm artefactual
category, which means that the correlation between the
archaeological typology and the cultural perception of the
artefact in the past dissolves, because typology does not
accommodate multiple and dynamic ontologies.

The aim of this article is by no means to debunk
typology as an analytical construct, and I fully acknowledge

the tremendous usefulness of typology for analytical pur-
poses, such as dating (for the Nordic Bronze Age, see, e.g.
Montelius 1885, Miiller 1909, Jacob-Friesen 1967,
Lomborg 1969, Vandkilde 1996). Nor does it mean that |
refrain from referring to artefacts by using their formal,
typological epithets as they offer a starting point for obser-
ving how generalised schematic groups of artefacts look
similar to or different from each other. Expanding on and
redirecting the typological approach, this article then scru-
tinises notions of copying and imitation from disciplines
outside of archaeology (especially postmodern philosophy),
where the cultural and conceptual qualities of repetition,
resemblances, sameness, difference and alterity have been
discussed critically for many years (but see also Biehl and
Rassamakin 2008, Frieman 2010, 2012).

Through this critical perspective, we may explore how
similarity works at a cultural level, looking closer at con-
cepts such as originals, models, copies, simulacra and
prototyping. Methodically, this article begins by observing
that a number of artefacts display what seems to be a
deliberate juxtaposition of repetition and difference, lead-
ing to the next conceptual step in the analysis which
reconstructs meaningful choices in the production of the
objects. Hereby, we may move on to recognising different
modes of establishing likeness and disparity within and
across artefacts. This mode of analysis allows us to
address how the individual object relates to the other
individual objects, or, to phrase it axiomatically, the aim
is to explore the material, social and philosophical rela-
tionship between the one and the many (whereas typology
describes the relationship between parts of a perceived
whole).

Swords from period Ib (ca. 1600—1500 BC) propel the
discussion in the main body of this article, because they are
often referred to in the archaeological literature by terms
such as ‘copies’ and ‘imitations’ from a typological point of
view. The intention is to offer a critique of this terminology
by exploring an alternative approach to the artefacts. It is
worth noting that swords constitute only around 8% of the
bronze repertoire in period Ib, while other artefacts are
more widespread. In comparison, flanged axes, spearheads
and shafthole axes make up 69.5% of the total amount of
bronzes in this period (based on Vandkilde 1996, p. 244,
but including the swords from Dystrup). Hence, the choice
of focusing mainly on swords in this article is based on how
they have been analysed in the archaeological literature,
and not so much because of any particular quality in swords
as a cultural phenomenon.

Seriality in the Early Bronze Age

When bronze working became increasingly common in
the beginning of the 2nd millennium BC, and especially in
the course of period Ib, a growing number of people
would have been confronted with the potential to produce
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artefactual similarity by using and reusing models and
moulds. The reproducibility of bronze did, however, not
automatically lead to an increased standardisation of mate-
rial forms. On the contrary, the idiomatic repertoire
expanded in period Ib (Vandkilde 1996, p. 264); while
the formal repertoire of period Ia (ca. 1700-1600 BC) was
dominated by flanged axes and spearheads, constituting
almost 90% of all the metal work (Vandkilde 1996, p.
219), the repertoire widened in period Ib and now also
included several types of axes and spearheads, swords,
daggers and ornaments in addition to flanged axes and
spearheads (Vandkilde 1996, fig. 261). At the same time,
the design of certain artefacts may be seen as becoming
fixed and standardised from the Late Neolithic through
period I (Vandkilde 2000, pp. 19-20), at least in a typo-
logical perspective.

Period I as a whole can thus be characterised as a time
of experimentation and discovery of the technical and
social possibilities of metal work. We should keep in
mind that this is a time span of some 200 years, which
means that it would be culturally superficial to consider it
a transitional period, disregarding the social reality of any
given moment within those two centuries. Instead, the
material variability — especially in period Ib — should be
acknowledged and taken seriously as a cultural norm in its
own right, which means that experimentation and discov-
ery would have constituted normative cultural attitudes to
bronze working. In this, I contend that we see a pattern of
simultaneous repetition and differentiation of material
forms, which might have been triggered by the very prop-
erties of metal production itself. The particular mode of
manufacturing bronze artefacts implies working with tran-
sient and transforming material qualities: some stages of
the production of an artefact entail working in wet, malle-
able clay, at other times in solid or fired clay, at some
stages with wax models, which are then melted and dis-
appear, finally ending up with fluid and subsequently
solidifying bronze. This means that the production of an
artefact undergoes several stages of positive and negative
material forms and is host to a repetitive interaction with
becoming and dissolving materials (soft, wet clay and
hard, dry clay, solidifying and melting wax, fluid and
coagulating bronze, etc.). In this article, it is argued that
these shifting material properties offer a fundamental
potential for exploring bronze as form and medium.

The particular mode of production of metal in the
earliest Bronze Age was characterised by manual work,
centred on craftsmanship and technological experimenta-
tion. These activities seem to have been centred on work-
shop environments, and a variety of modes of production
have been suggested in the archaeological literature (Levy
1991, Budd and Taylor 1995, Harding 2000, Kristiansen
and Larsson 2005, Goldhahn and Qstigard 2008, Kuijpers
2012), yet empirical evidence for places of production is
extremely limited, especially for period I (see Jantzen

2008). Identifying actual workshops or specifying indivi-
duals producing metal artefacts is, however, not the aim of
this article, which instead focuses on the conceptual fra-
mework circumscribing the particular qualities of metal
production.

One innovative aspect of metal work at this time is
that it allows for a serial reproduction of artefact forms to
a hitherto unseen degree. Bronze casting offers for a
relatively high degree of reproducibility of forms by reus-
ing or copying moulds or models. However, this does not
mean that things become reproduced with identical same-
ness as in industrial mass production (Alder 1998), but
that artefacts can be reproduced in series with the relative
differences that are the results of the mechanical condi-
tions of this type of work such as deviations resulting from
manual work or differences in the degree to which indivi-
dual artefacts shrink when cooling (Hiorns 1912, p. 301,
Eerkens 2000). The point is that it is possible to achieve a
very high degree of resemblance between artefacts by
exploiting the resilient plasticity of clay moulds and wax
models from which a chain of similar objects could be
manufactured. On this basis, we may speak of ‘seriality’ in
the production of bronzes in period I, by which is meant a
series of independent actions that produce individual arte-
facts on the basis of existing artefacts that serve as models,
prototypes or sources of inspiration.

Imitating imports

Swords of the so-called Hajdisamson-Apa type are an
example of such seriality. The swords are commonly
believed to have been imported from present-day Hungary
and Romania, which lead to the ‘imitation’, ‘copying’ or
‘derivatives’ of these foreign types in Southern Scandinavia
(Miiller 1909, p. 13, Lomborg 1959, p. 93, 1969, pp.
97-99, Vandkilde 1996, pp. 225-226, Randsborg 2006, p.
16, Rasmussen and Boas 2006, p. 103). Two particular
swords from Stensgard and Torupgarde (Aner and Kersten
1977, nos. 1675 and 1680) in south-eastern Denmark dis-
play a number of traits that are described in the archaeolo-
gical literature as very similar to swords found in Hungary
and Romania (Figure 1); their handles and pommels, the
curvature of their blades and decorative patterns are fre-
quently argued to resemble the Carpathian swords so much
that the two specimens found in present-day Denmark are
to be interpreted as imported artefacts (Lomborg 1959,
p. 94, 1969, p. 97, Vandkilde 1996, p. 225, Rasmussen
and Boas 2006, pp. 102—103).

Other swords with similar features, also found in
Denmark, are on the other hand interpreted as local copies
of the Carpathian artefacts (Figure 2). One sword, found at
Bageskov (Aner and Kersten 1977, no. 1682), not far
from the two above-mentioned specimens, is characterised
by a similar style decoration on the pommel, and the
decorative pattern on the blade furthermore supports this
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Figure 1. Imported swords of the Hajdiisamson-Apa type found
at Torupgarde and Stensgard on Lolland in south-western
Denmark. After Aner and Kersten (1977).

resemblance with the imported artefacts. At the same time,
this particular sword is clearly distinct from the imported
swords in that its handle is decorated with horizontal
grooves rather than vertical triangles, and it does not
have the same pronounced curvature of the blade.

Of the presumed local copies of the Hajdisamson-Apa
type swords and daggers, a specimen from Guldbjerg on
northern Funen (Aner and Kersten 1977, no. 1882) prob-
ably bears the least resemblance with the other artefacts
commonly described as imitations of imported originals. It
has an entire lack of decoration, a straight tubular handle,
a short blade with no curvature and an almost perpendi-
cular transition from handle to blade.

The relationship between presumed imported originals
and local copies thus calls for a critical discussion of how
close resemblance is needed in order for something to be
deemed a copy of another artefact. In essence, the archae-
ological designation as ‘copy’ in the case of the swords is
based on a coexistence of resemblance and alterity: the
copy looks like the original, but it is also different. In
other words, the copy deviates from the original, which
logically means that the copy must contain a new element
or an original combination of imitated traits from its

alleged model or models. This might imply that the
archaeological vocabulary does not do full justice to the
complex relationship between originals, models, copies
and imitations. By looking at objects such as the period
I swords as the results of a serial production based on the
principle of prototyping it becomes possible to appreciate
them as independent yet inter-referential artefacts, which
will be elaborated in the following. At the same time, we
also need to pay attention to the specific ways in which
similarity and difference materialise in particular artefac-
tual contexts.

For instance, a group of eight swords found in a
deposition at Dystrup in eastern Jutland (Rasmussen
and Boas 2006) can be seen as ‘imitations’ or ‘copies’
of the imported Carpathian specimens (Figure 3); relating
to the imported ‘originals’ by having similar decorative
patterns and the same slight curvature of a section of
their blades, but since they are cast in one piece they are
also different (local imitations of foreign swords are
commonly believed to be cast as one piece rather than
with separate hilts or handles (Miiller 1909, p. 11,
Lomborg 1959, pp. 94-96, Rasmussen and Boas 2006,
p. 104)). Furthermore, the eight swords from Dystrup are
among themselves so similar in shape, proportion and
finish that they may even derive from the same work-
shop, as suggested by the excavators (Rasmussen and
Boas 2006, p. 105). So, while they may in one sense be
‘copies’ of imported artefacts, they also adhere to a
common design idiom among themselves, sharing the
majority of characteristics, while also being different in
certain details.

In particular, two of the eight swords appear to be
set apart from the majority of the group in a number of
respects; by only having four imitation rivets, instead
of five, by having a slightly different decorative pattern
on the handle and on the pommel, or no decoration at
all, and by having handles with a flat oval profile
instead of a rounded profile. Yet at closer scrutiny,
details reveal how all the swords differ in one way or
the other. Some of the differences seem to be patterned,
which might suggest that moulds were reused for the
production of new swords. However, the differences are
not structured in a way that can support such an
interpretation.

The reconstructed lengths, for instance, are given by
the excavators as follows: two swords are 43.7 cm (X2
and X7), two are 44.8 cm (X3 and X5), two are 45.4/
45.6 cm (X4 and X1), while one (X6) is 45 cm long (and
thereby very close to the two swords of 44.8 cm) and one
(X8) is 46.6 cm long. These reconstructed lengths are of
course tentative (especially regarding X1 and X2, which
are the most incomplete swords), but they may neverthe-
less offer an impression of associations between the
swords. So if swords X2 and X7 or X3 and X5 had
been made from the same mould, we should also expect
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Bogeskov

Guldbjerg

Figure 2. Locally manufactured swords of the Hajdisamson-
Apa type found at Begeskov on Lolland and Guldbjerg on
Funen. After Aner and Kersten (1977).

other distinguishing features on these swords to be iden-
tical, which is not the case: X2 is decorated and X7 is not,
and X3 has a straight casting seem on its handle, while the
casting seam on X5 is slightly bent towards the pommel.

Differences in the reconstructed lengths should of
course not be overemphasised as all of the swords are
very similar in lengths, and dissimilarities might be caused
by post-production treatment (cold-hammering or polish-
ing). However, a number of other features do seem to
suggest patterned connections between some of the
swords. Swords X2 and X4 are related in that they share
the same raised middle rivet; and swords X4 and X7 are
related in that the terminal ends of their hilt forks are
slightly more convex than the concave hilt forks that
characterise sword X1, X2, X3, X5 and X6. The terminal

forks on the hilt on sword X8 are almost straight (for
details, see Rasmussen and Boas 2006).

The excavators also argue that there are no signs of
punching in the decoration, concluding that it must have
been made on the wax model prior to casting (Rasmussen
and Boas 2006, p. 93). This is particularly interesting as
five of the eight swords (X1-X5) are ornamented in
almost identical ways; the uppermost parts of handles
have two bands of lines with opposing triangles, forming
a space of lozenges in between the bands. They also have
two bands of lines towards the hilt, which are bordered by
flattened arches. The triangles on sword X6 are smaller
than those on the other swords, which means that no
lozenge-shaped decoration materialises between the
bands of lines. The decoration on the handle of sword
X8 only has three bands of lines, where the top of the
uppermost band is decorated with triangles facing the
pommel. The lower side of the band is decorated with
arches. The middle band is bordered by curved arches on
the upper side and flattened arches on the lower side. The
lower band does not have any arches on its upper side, but
broad, flattened arches towards the hilt. Sword X7 is
devoid of decoration.

Likewise, the decoration on the blades appears to be
very similar for swords X1-X6 with an roughly ogival-
shaped border of two lines that run from the terminal ends
of the hilts towards the middle part of the blade and are
filled in by an arch-like decoration. Sword X8 is different
in that it has closely grouped lines with a row of arches on
the inside, rather than two parallel lines that are filled in.
Again, sword X7 is undecorated (for a schematic ordering
of similarities and differences in the Dystrup swords, see
Table 1).

It may of course be argued that this copresence of
similarity and difference in the swords is simply an una-
voidable result of manual reproduction (cf. Eerkens 2000).
However, the excavators claim that six of the swords are
so similar that they must be based on the same model,
referring to the Carpathian originals circulating in
Denmark (Rasmussen and Boas 2006, p. 104). This
implies that the visual resemblance between the imported
and locally produced artefacts is so great that we should
expect the local artefacts to be directly inspired by the
imported objects, which would have been available as a
direct visual source of inspiration in front of the bronze
manufacturer. Hence, the individual artefacts served as
sources of inspiration in a process of modelling, prototyp-
ing and referentiality in the workshop environments. It is
this process that can be seen as giving rise to subtle
differences in the choice of designing each of them, and
the difference between ‘local’ and ‘imported’ artefacts is
thereby also not so much a result of a lack of understand-
ing of the original, but the outcome of a continuous
process of prototyping, where differences and similarities
were produced deliberately when working in clay and wax
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Figure 3. Locally manufactured swords found at Dystrup in eastern Jutland. After Rasmussen and Boas (2006).

(and wood?) before the cast was made. Differences and
similarities were thus a part of the conceptualisation of the
individual artefact and its relationship with the group of
artefacts.

Striking similarity
This line of thinking leads to the question if the distinction
between original/model and copy/imitation is merely a
matter of scales of difference. Does greater difference
imply less originality, and does more similarity in a copy
mean that it is closer to its original? The famous Rerby
scimitars from Zealand (Figure 4) offer a perspective on
modelling and seriality in Early Bronze Age metal work
by their high degree of similarity. The scimitars (Aner and
Kersten 1976, no. 617) are two curved swords that were
discovered roughly 10 m apart, but may originally have
been derived from the same deposition context
(Mathiassen 1958, pp. 38-39). The scimitars are com-
monly believed to have been manufactured by the lost
wax method and they are so morphologically similar that
they have been argued to have been made from the same
model, if not from the same mould (Mathiassen 1958,
p- 43, Vandkilde 1996, p. 232, Kaul 1998, pp. 73-74,
Renne 2008).

Three other scimitars have been found elsewhere in
Southern Scandinavia: two in Scania at Knutstorp (Sodra
Aby) and Lilla Slagarp and one in Ostergdtland at Norre

(Oldeberg 1974, no. 798, 2258, Jacobsen 1986). They
display traits that connect them all closely together, not
just a ‘type’ but also as individual artefacts, which
implies that they are not simply related by looking simi-
lar in an analytical perspective, but by being intentionally
similar. Bo Gréslund (1964, p. 285) and Bengt Jacobsen
(1986, p. 283) observe that there are only minor differ-
ences between the scimitars from Rerby and Knutstorp
produced by the post-cast polishing of the artefacts,
indicating that they could have been made in the same
workshop. Ebbe Lomborg (1959, p. 118) further suggests
that all of the scimitars from Southern Scandinavia could
derive from the same workshop due to their high degree
of resemblance. Gréslund claims that the scimitars from
Rorby and Knutstorp would derive from the same mould
(Gréslund 1964, pp. 300-301), and John-Elof Forssander
similarly connected the scimitars from Norre and
Knutstorp to the same mould (Forssander 1935, p. 186).
In addition, Jacobsen (1986, p. 287) argues that the
dimensions and proportions of the incomplete Slagarp
scimitar match those of Rerby and Knutstorp (Figure
5), and that the minor differences between the scimitars
are the products of post-cast treatment and in one case a
casting error (there is only one rivet on one side of the
Slagarp scimitar, while there are two rivets on the other
side). Jacobsen concludes that all four scimitars must
derive not only from the same workshop, but also from
the same mould.
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Table 1. Similarities and differences among the Dystrup swords. Based on Rasmussen and Boas (2006).
X1 X2 X3 X4 X5 X6 X7 X8

Length (cm) 45.6 43.7 44.8 454 44.8 45.0 43.7 46.6
Number of rivets 5 5 5 5 5 5 4 4
Raised middle rivet + +
Fork shape Concave  Concave Concave  Convex Concave  Concave Convex  Straight
Hilt arc Open Elongated  Open Open Open Open Closed Closed
Pommel shape Circular Circular Circular Oval Circular Circular Oval Oval
Ornament on handle Same Same Same Same Same Slightly different ~ None Different
Ornament on blade Same Same Same Same Same Same None Different
Casting seam on handle  Straight Straight Straight Straight Bent Bent Straight  Straight
Handle profile Rounded  Rounded Rounded  Rounded Rounded  Rounded Flat Flat

Therkel Mathiassen, on the other hand, believes that
the Rorby scimitars — despite their high degree of visual
similarity — would require separate moulds, because the
individual clay mould would have to be broken after the
casting and therefore could not have been used as a
‘mimetic machine’ (Taussig 1993, p. 24) to cast another,
identical scimitar (Mathiassen 1958, p. 43). Recent tech-
nical experiments with clay moulds support this observa-
tion, suggesting that clay moulds tend to break when
releasing the cast (Wang and Ottaway 2004, p. 34). It
should be noted, however, that Graslund (1964, p. 301)
argues that the Rorby scimitars are produced in a single
bivalve mould, which had been reused to produce the
second scimitar. Hence, the decoration would have been
made by punching (Gréaslund 1964, p. 286) rather than
prepared on the model as implied by arguing for a single
mould explanation of the scimitars. Preben Renne (2008,
see also Vandkilde 1996, p. 232), however, argues that the
decoration was present in the mould stage, which means
that the scimitars were differentiated physically and con-
ceptually prior to the casting.

A number of differences do characterise the decoration
on the Rorby scimitars (see Table 2), and the presence of
what appears to be a ship on the blade of one of them can
be emphasised as the defining difference between the two
specimens (Vandkilde 1996, p. 232, Kaul 1998, ch. 5).
But, at closer examination, there are several additional
features that set the two specimens apart: one scimitar

has two zigzag bands on the pommel, while the other
has one; one scimitar has five bands of triangles on the
handle, while the other has six bands of triangles, a band
of lozenges and then another band of triangles; one scimi-
tar has two bands of triangles at the beginning of the
blade, while the other has a band of lozenges and two
bands of triangles; the decoration towards the point of the
blade on one scimitar is made up of a band of triangles, an
imitation rivet, a band of lozenges, an imitation rivet and a
band of triangles, while the other scimitar has a band of
triangles, a band of lozenges, an imitation rivet, a band of
lozenges, an imitation rivet, a band of lozenges and a band
of triangles; the thickness and profile of the blades towards
the point of the blade differ for the two scimitars; and
lengths of the zigzag bands that run along the upper and
lower edges of the blades differ (see also Mathiassen
1958, p. 42, Grislund 1964, pp. 300-301).

These minute differences in details mean that the
scimitars from Rerby cannot have derived from the same
mould, but that they were cast in two different moulds that
embedded different decorative patterns among other
things. Backtracking the manufacture of the scimitars
and their production sequence, the decorative patterns
must therefore also have been made on two dissimilar
models that generated different moulds: two wax models
were cast in a single clay mould that produced identical
(undecorated) wax models by using it twice. The clay
mould would then have been an imprint of a clay

Figure 4.

The scimitars from Rerby on eastern Zealand. After Aner and Kersten (1976).
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Figure 5.
mitar from Slégarp with a tentative reconstruction of the missing
part. After Aner and Kersten (1976) and Jacobsen (1986).

One of the Rorby scimitars and the incomplete sci-

prototype of a scimitar, which may have had a wooden
precursor. Or, in reverse order: the first step was to make a
wooden or clay prototype (a positive) on the basis of the
fantasy of a conglomerate artefact compiled of several
separate artefact components; the second step was to
make a clay mould (a negative) from the wooden proto-
type; the third step was to cast two identical wax models
(two positives) from the clay mould; the fourth step was to
discriminate the wax models by decorating them differ-
ently (an action that would technically turn the wax mod-
els into prototypes); the fifth step was to make two
divergent clay moulds (two negatives) from the wax mod-
els; and the sixth step was to cast two different bronze
scimitars (two positives) from the clay moulds.

This suggests that the disparity between the Rerby
scimitars is deliberate and deeply motivated by the man-
ufacturer, offering a number of moments for reflecting on
the form and appearance of the artefact in production.
While the differences in thickness and profile of the blades
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could hypothetically be attributed to post-casting treat-
ment (annealing, cold-hammering and/or polishing), the
differences in decoration would certainly have been
made as a conscious choice and would have been devel-
oped in the prototyping stages. As such, the two Rerby
scimitars would have been forged with an embedded con-
ceptual difference but with a shared genealogy. While it
may be difficult to assess whether all of the scimitars
found in Southern Scandinavia were made on the same
physical prototype, the distinct similarity of the scimitars
at least implies that they share a conceptual prototype or
source of inspiration as their common point of reference,
thus binding them together as artefacts with a shared
biography.

It has been argued that the inspiration for the scimitars
derives from sheathed swords in Hittite Anatolia
(Graslund 1964, p. 296, 1967 see also Engedal 2002,
Kristiansen and Larsson 2005, p. 290), and Thomas
Larsson goes as far as describing the Rorby scimitars as
‘a deliberate attempt to copy a powerful foreign [i.e.
Hittite] symbol’ (Larsson 2000, p. 63, see also Larsson
1997, pp. 72-79). It is worth noting that the rivets on their
blades are non-functional, and thus do not serve the pur-
pose of joining separate pieces of the artefact, but seem to
be purely ornamental as they are all cast in one piece.
Grislund (1964, p. 293) argues that these rivets are imita-
tions of rivets or other forms of decoration that were part
of their supposed model, which could have been a curved
scabbard or chape rather than a sword. The Scandinavian
scimitars would thus have been imitations of a sheathed
sword or, rather, the combination of a handle of a sword
and a scabbard, which might suggest that the bronze
imitations were not necessarily designed with an actual
sword available in front of the bronze worker.

Table 2. Similarities and differences between the Rerby scimitars. Based on Mathiassen (1958), Gréslund (1964) and Aner and

Kersten (1976).

Rorby 1 Rerby 2
Length (cm) 60.7 60.7
Weight 1612 g 1526 g
Bands on pommel 1 2
Crest of pommel Rounded Pointed
Bands of triangles on handle 5 7
Bands of lozenges on handle 0 1
Bands of triangles at beginning of blade 2 2
Bands of lozenges at beginning of blade 0 1
Bands of triangles at imitation rivets 2 2
Bands of lozenges at imitation rivets 1 3
Ship on blade N Yes
Triangles on edge of curvature 0 1
Zigzags on band at upper side of blade 45 51
Zigzags on band at lower side of blade 54 62
Profile at curvature of blade Straight Narrow at bend
Profile at point of blade Rectangular trapezoidal Square trapezoidal
Signs of wear Yes No
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Impossible copies

The Scandinavian scimitars as well as the Hajdusamson-
Apa swords can thus be seen as postulates at several
levels. Both types of artefacts carry imitation rivets that
are entirely non-functional, since the artefacts are cast in
one piece (e.g. the swords from Bageskov, Guldbjerg and
Dystrup, and the various scimitars). Such a non-functional
feature is ordinarily termed a ‘skeuomorph’, which may be
defined as an imitation of form and not function, typically
in the translation from one medium to another (Sayce
1933, pp. 80-81, Vickers 1989, Knappett 2002, Harrison
2003, Frieman 2010). As illustrated above, such functional
loss may also occur when translating artefacts within one
medium, in this case bronze. Furthermore, the swords and
scimitars are reproductions, replications or representations
of artefacts or ideas that derive from remote regions, and
in the case of the scimitars it appears that the translation of
the ‘original’ resulted in a entirely new form; a fusion of
the handle of a sword and a skeuomorphic scabbard.

But while the swords with imitation rivets are the
results of a continuous chain of prototyping that ends up
in artefacts with a formal reference to its models (i.e.
Carpathian Hajdusamson-Apa swords), the scimitars are
built on a physical model. Or, at least we can say that the
conceptual model (the idea behind the scimitar) is a synth-
esis of several artefacts (i.e. a sword handle and a scab-
bard), which means that the scimitar is a copy of a non-
existing model or, in other words, a postulate. But if the
scimitar is the copy of an object that can best be described
as virtual, how do we understand an actual, subsequent
imitation of the scimitar? How far removed from the
original (yet virtual) object is the imitation of the copy?
Does it retain any connection with the initial, virtual
model at all?

A number of flint artefacts from period I of the Nordic
Bronze Age take this question to an extreme by appearing
to be explicit replications of bronze artefacts, including a
flint scimitar from Favrskov on Funen (Aner and Kersten
1977, no. 1773 1). This imitation of bronze objects in flint
does not appear to have constituted a widespread and
common practice in the Early Bronze Age of Southern
Scandinavia, but this does not mean that we can brush flint
imitations aside as oddities that are not representative of a
broader cultural expression. Even though certain material
forms are unique or rare, they cannot be relegated to a
status of expendable cultural anomalies; they may in fact
be expressions of a more deep-seated play with material
forms in the course of an process of exploration and
discovery (for some recent interpretations of the relation-
ship between bronze and flint, see, e.g. Varberg 2007,
Fahlander 2008a, 2008b, Frieman 2010, 2012).

The flint scimitar from Favrskov (Figure 6) is thus a
unique artefact (yet a questionable specimen of similar
shape has been found in Southern Sweden; Oldeberg

1974, no. 1719a). The flint scimitar is commonly believed
to be modelled on the Rorby scimitars (Forssander 1935,
p. 178, Lomborg 1959, p. 146, 1960, p. 157, 1973, p. 63,
Willroth 1985, p. 63, Vandkilde 1996, p. 232), displaying
the same remarkable curvature of the blade as the bronze
specimens, and it furthermore has a protrusion at the
transition from handle to blade that appears to replicate
the fastening loops found on the bronze scimitars.
Obviously, there are logical differences between the flint
sword and the bronze swords; the flint sword has a differ-
ent surface character, a different colour, shimmer, volume,
weight and balance, and it is not decorated. In addition,
the bronze swords are 60.7 cm long, while the flint speci-
men only measures 31.3 cm. Despite these differences, we
may conclude that the flint sword clearly refers to the
same conceptual form as the bronze swords. It may
furthermore be argued that the flint sword is not simply
a derivation of the bronze swords, because even though it
replicates the curvature of the blade and the fastening
loop, it draws at the same time on the flint-working tradi-
tion by reproducing the handle of a dagger type VI
(Lomborg 1960, p. 157, 1973 p. 63).

Another example of this dialogue between bronze and
flint can be found in a composite flint sword from Atte in
south-western Jutland (Aner and Kersten 1986, no. 3924). At
least 17 specimens are known from Denmark (Renne 1988,
p. 87) with the Atte sword being the best known and most
complete example (Figure 7). The sword is composed of six
flint pieces that make up a handle, a point and four blade
pieces, reaching a total length of 46 cm. The sword has been
argued to be a ‘copy’ of or ‘modelled’ on bronze swords of
either the Sogeler type or the Hajdusamson-Apa type
(Miiller 1907, p. 82, Forssander 1935, p. 180, Lomborg
1960, p. 154, Renne 1988, p. 92, Vandkilde 1996,
pp. 225-226, Rasmussen and Boas 2006, p. 105).

This kind of idiomatic replication of material forms
thus occurs across material categories and across function-
alities, as neither the curved flint sword nor the composite
flint swords would have accomplished exactly the same
practical function as the bronze artefacts (for a discussion
of different notions of ‘function’, see, e.g. Preston 2000,
Vandkilde 2000, Risatti 2007, Crilly 2010). Moreover, the
flint artefacts would have been made along the lines of
existing lithic specialisation and would therefore have
referred to a different mode of production than bronze
work. The logics behind the artefacts would thus have
been different. This suggest that we may move one step
further and disentangle the notion of copying from func-
tion and mode of production altogether. If functionality is
not necessarily inherited in the copied object, then func-
tional categories also become irrelevant in the question of
replication. The copy, rather, produces an image of its
prototype, regardless of the formal classification of the
original or the way it was manufactured. In other words,
if there is no link between original and copy in terms of
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function, production or material properties, then we may
instead argue that copying revolved around a more basic,
superficial resemblances in form.

To take this line of thinking one step further, it will
also be possible to approach the development of material
forms without referring to function. To illustrate this, we
may consider how it has been suggested that manufac-
turers of flint daggers in the Late Neolithic attempted to
imitate bronze daggers of the Central European Unétice
horizon (Varberg 2007, p. 68, see also Vandkilde 1998, p.
254). Much of the connection that has been made between
these artefacts is based on their mutual classification as
‘daggers’. In period I, however, we could turn the flint
daggers on their heads, for example, the flint ‘dagger’
from a grave at Nordborg on Als in southern Denmark
(Aner and Kersten 1978, no. 3159), where it was found in
association with a bronze spearhead (Figure 8). We may
here disentangle the archaeological classification of the
artefacts as belonging to different functions, and instead
observe how the contours of the two artefacts are rela-
tively similar. Such a non-functional and purely form-
based notion of imitation implies a closer relationship
between flint ‘daggers’ and bronze °‘spearheads’ than
between flint daggers and bronze daggers. The point is
not whether one object was handheld and the other hafted,
but how they appear as basic visual forms, where the
resemblance would have been known to the manufacturer
of ‘daggers’ and ‘spearheads’, respectively.

The issue here is thus not exact sameness in form (in
the sense of a facsimile), but — just like we saw with the
curved flint sword and the composite flint sword — rather a
matter of a material dialogue that creates simultaneous
resemblance and difference. This is not to argue that
daggers and spearheads were seen as the same artefact
category at the beginning of the Early Bronze Age, but
simply that the inspiration between forms was not neces-
sarily restricted by functional or formal classifications.
Nor is this to say that the dialogue between flint and
bronze was entirely abstract or arbitrary. The Favrskov
flint scimitar does indeed resemble key traits of the bronze
scimitars, and we can also point to the flint dagger from
Serup (Lomborg 1960, p. 157, 1973, p. 63), which appears
to be the imitation of a contemporary hilted metal dagger.
The point is, rather, to argue that the dialogue across
materials appears to have opened up for a creative play
with the translation of formalised standards (following
Benjamin 1973a, pp. 75-77). In other words, even though
we may make the observation that several flint artefacts
are very likely to be inspired by bronze artefacts, it does
not necessarily mean that they have to be understood in
the light of the individual source of inspiration or were
valued in the same way (but see also Schwenzer 2004,
Frieman 2010). Once the flint object was a reality, we may
argue that it achieved an autonomous existence with an
objecthood of its own.

Figure 6. The flint scimitar found near Favrskov on Funen.
After Aner and Kersten (1977).

The paradox of similarity

The lack of a functional imitation in the dialogue between
flint and bronze allows us to return to the bronze scimitars
that appear to imitate a sheathed sword, where the imitated
artefact incorporated sword as well as scabbard in one
piece. As explained previously, this constitutes a true
skeuomorph, i.e. a copy that only refers to its model by
superficial, visual resemblance and not by function.
Skeuomorphic elements can also be found on the Nordic
imitations of Hajdisamson-Apa swords in the form of
non-functional rivets. The Nordic swords are cast in one
piece rather than several pieces (blade, rivets, pommel, hilt
or two-part hilt), and their ‘rivets’ thus have no function as
they do not serve the purpose of joining the separate parts
of the artefact together. Locally produced swords thus
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Figure 7. Composite flint sword from Atte in southern Jutland.
After Aner and Kersten (1986).

imitate details in foreign artefacts without replicating their
function, just like we saw with the flint reproductions of
bronze artefacts. For the sake of definition, we may here
recall how Central European Hajdisamson-Apa swords
are also adorned by imitation rivets, but since they are
made on the swords that also have functional rivets, I
choose to define them technically as ornamental rivets
and not as skeuomorphic rivets per se.

Once again, the skeuomorphic traits in Nordic swords
invite a more critical scrutiny of the relationship between
original and imitation, model and copy, prototyping and
production. Fundamentally, the conventional notion of a
model sees it as an ideal that is reproduced, but with
deviation (Deleuze 1983, p. 48, 2004, p. 333), and a
prototype is something that other things are based on,
but may be rather different (Maniura and Shepherd 2006,
Buchli 2010, Guggenheim 2010, Kiichler 2010). The rea-
son for these deviations and differences is, in the case of
the model, that the copy cannot live up to the ideal, as
argued by Plato (Deleuze 1983), and, in the case of the
prototype, that the prototype is meant to be an instrument
for evaluation, inspiration, testing or learning (e.g. Kirby
1995, Latka et al. 2001). So, in other words, copies will
always be incomplete reproductions of the ideal model,
and prototypes are always meant to lead to the production
of difference. The question is, then, how these differences
matter as material, social and philosophical facts, and
furthermore, at an archaeological level, how similarity
and difference can be appreciated in the past.

In archaeology, copies, imitations and similarities are
often seen as expressions of competition, inspiration or
skeuoumorphism (e.g. Renfrew 1986, Knappett 2002,
Kristiansen and Larsson 2005, Vandkilde 2010, Frieman
2010), producing ‘derived’ or even second-rate artefacts
(e.g. Miiller 1909, pp. 12—13), utilising inferior materials
(e.g. Varberg 2007, p. 87) or being restricted by material
properties or technological capabilities (e.g. Willroth
1996, pp. 78-79). However, philosophical and cultural
explorations in other fields of research have shown how
the relationship between presumed ‘originals’ and their
succeeding ‘copies’ is far more complex than often
assumed in archaecology (e.g. Benjamin 1973b, 1978,
1979, Massumi 1987, Taussig 1993, Baudrillard 1994,
Groom 2001, Deleuze 2004, Cox 2007, Boon 2010).

Plato, for example, distinguished ideal forms, or mod-
els, from copies (Sophist 236a—d; see also Deleuze 2004,
p. 333). He argued that copies can be good copies or bad
copies, which can be judged qualitatively on their fidelity
to the ideal. Then, there are simulacra, which are a lower
order of copies, lesser in nature than the ideal models and
than poor copies. Copies, for Plato, thus assume a position
between the ideal (the model) and the inferior (the simu-
lacrum), and he distinguishes ‘essence from appearance,
the intelligible from the sensible, the Idea from the image,
the original from the copy, the model from the simula-
crum’ (Deleuze 1983, p. 48).

This distinction forms the starting point for Gilles
Deleuze’s (1983, 2004) discussion of the simulacrum,
exploring further in what way copies are copies. He argues
that the copy is meant to represent the image of the model,
but at some point the connection between the two can
grow so close that their distinction is not a matter of the
degree of differences between them, but instead of their
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Figure 8. Flint dagger type VI and Bagterp type spearhead from Nordborg, Als, in southern Jutland. After Aner and Kersten (1978).

perceptual qualities or their effects (Deleuze 1983, p. 54).
In turn, the simulacrum, according to Deleuze, plays on
this resemblance, because it looks superficially similar to
the model from the outside (Deleuze 2004, p. 366).
However, at closer scrutiny a simulacrum does not do
the same thing as its model and has different effects on
its surroundings. The simulacrum does not imitate its
model or try to become the model, but simply uses its
resemblance with the model to achieve an autonomous
existence (compare with Taussig 1993).

This is what allows Jean Baudrillard (1994) to state,
famously, that simulacra are copies without originals, and
he further argues that ‘simulation is the situation created
by any system of signs when it becomes sophisticated
enough, autonomous enough, to abolish its own referent
and to replace it with itself” (Baudrillard quoted in Smith
2003, p. 70). Baudrillard thus identifies a fault line

between the model and the bad copy, which for him is
identical with the simulacrum. Thereby, the simulacrum
basically generates an order of existence that is without an
essence of meaning (Baudrillard 1994, p. 82).

Brian Massumi, however, claims that Baudrillard creates
a pessimistic image of simulation that leaves the understand-
ing of resemblance as ‘floating images that no longer bear a
relation to any reality whatsoever’ (Massumi 1987, p. 90),
where signs no longer represent or refer to an external ‘real’
model. Massumi further stipulates that Baudrillard’s reading
of simulation means that when signs do not refer to some-
thing else, then they become interchangeable and their
meaning implode; they essentially become indeterminate.
Massumi argues that the copy is defined by having internal,
essential relations of resemblance to a model. The simula-
crum, on the other hand, only bears superficial, external
resemblance to a putative model (Massumi 1987, p. 91);
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yet unlike Baudrillard, Massumi does not see this as a bad
quality, because it contains the promise of and a potential for
innovation and new identities (echoing Deleuze 1983, p. 53).
This implies that the simulacrum seeks to achieve or stir a
different range of effects, and as such it does not merely copy
the model, but also creates something new. Thereby, simu-
lacra have the ability to be emancipating phenomena that
may offer an alternative to the tyranny of tradition, formality
and normativity. Simulacra can thus become new originals
and thereby destabilise the ontological relationship between
the ideal and the copy, and the real and the virtual.

In this light, we may argue that the swords of the
Hajdusamson-Apa type that were manufactured in
Southern Scandinavia have no origin and no originals.
Instead, they only have a beginning, and that beginning
is characterised by repetition (see also Nielsen 1990,
p- 15) by being inserted into a seriality of manufacturing
events based on the principle of prototyping (Buchli 2010,
Kiichler 2010). In the course of this seriality, one artefact
continuously leads to the next, but does not pass down a
biographical trajectory in the form of a formal genealogy.
Instead, the relationship between objects in a serial rela-
tion is entirely horizontal. In fact, even the alleged ‘origi-
nals’ from the Carpathian area are characterised by a
degree of dissimilarity (Rasmussen and Boas 2006,
p- 99, Meller 2010, p. 51) making it difficult to appreciate
them as anything but the expressions of a dogma of serial-
ity and materialisations of continuous differentiation
(Figure 9). The only distinctly similar artefacts within
this complex of swords are in fact the swords in the
Dystrup hoard, while all other Hajdusamson-Apa swords
and their local derivations display so many differences in
proportions, decorative patterns and construction that they
are better characterised by a heterogeneity resulting from a
complex process of prototyping in which the ontological
positions of originals and copies collapse. Other swords
adhering to the Hajdisamson-Apa idiom and related
expressions should of course be embraced in this interpre-
tation, e.g. the swords from Blindheim (Norway), Bragby
(Sweden), Nebra (Germany), Rosenfelde (Germany) and
Vreta (Sweden) (Ekholm 1916, Kersten 1958, no. 607,
Engedal 2005, Meller 2010, Schwab et al 2010). The
extreme version of this heterogeneity is obviously the com-
posite flint version from Atte, which even breaks with the
technological uniformity of sword production, yet at the
same time clearly refers to the same design idiom.

Furthermore, it is also legitimate to see the bronze
scimitars as the result of a process of prototyping in that
they are brought about by a complex manufacturing pro-
cess that is centred on a dialogue between wax models,
negatives in several versions of moulds and potentially a
wooden prototype. However, they may even better be
characterised as true simulacra. If they were produced in
Southern Scandinavia, as is commonly believed, then they
are not imitations of imported objects or copies of an

original artefact, because no such artefact existed. If any-
thing, they are copies of a non-existing object and an
imagination of a hypothetical object, or in other words a
postulate. At the same time, the scimitars clearly refer to
each other, not simply by being reducible to an archae-
ological ‘type’, but by being so similar that they must
have been manufactured in a shared context. Within this
similarity, we may also identify an array of differences, as
spelled out previously, where minute details reveal that the
scimitars were not simply the results of a mechanical
reproduction by the reuse of a mould producing identical
artefacts.

So, being an ultimate simulacrum, the scimitar does
not carry a referential meaning content, but is an indepen-
dent and sovereign artefact, producing its own meaning
and presence (for an oppositing view, see, e.g. Larsson
1997, 2000, Engedal 2002, Kristiansen and Larsson 2005,
Kristiansen 2010). We may see the flint scimitar from
Favrskov as the climax of this material fantasy and as an
emancipation from the dogma and standardisation
imposed by tradition and perceived material constraints.
As a cultural statement, the flint scimitar is, rather, a
virtual object in that it is entirely removed from any
actual, functional or technological predecessor.

Conclusion

The examination of the various objects from the Early
Bronze Age of Southern Scandinavia highlights certain
problems in the existing approaches to what is perceived
as originals and copies and illustrates how the ontological
subtleties of similarities and differences are overlooked in
the archaeological pursuit of meaning and in the construc-
tion of typological systems. In this perspective, it is there-
fore questionable if Early Bronze Age metal manufacturers
based their design solely on the ‘imitation’ of imported
models as a result of aspirations to copy so-called high
status or elite material culture or to reproduce exotic styles.
Bronze artefacts were not necessarily only carriers of mean-
ingful symbols and a materialisation of interregional con-
tacts (e.g. Kristiansen and Larsson 2005, Vandkilde 2010).
Bronze also became emancipated from fixed and dogmatic
meanings by being a malleable plastic medium that offered
the possibility for deconstructing and reconstructing mate-
rial idioms in innovative ways, even stirring a critical
attitude to the flint-working tradition.

We may therefore consider the possibility that Early
Bronze Age craftsmen worked along the lines of a con-
tinuous process of prototyping, which implies that there
are no originals and no copies, but only ‘original copies’.
In short, this means that a prototype is understood here as
the first working version of a given material form and a
beginning for development and change. Prototyping is
thus the process of exploring form by looking at an exist-
ing artefact by using that artefact as an ‘exemplar’ (OED)
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Figure 9. Swords of the Hajdusamson-Apa type from different places in Europe. After Meller (2010, p. 51, Fig. 20. Used with kind
permission from the State Office for Heritage Management and Archacology Saxony-Anhalt; design by Nora Seeldnder).

that is remodelled and reinvented. In prototyping, the
individual artefact thus continuously shifts position, sig-
nificance and status. Accordingly, the model is not super-
ior to the copy, nor is the model a ‘pre-copy’ of an original
(Coaldrake 2007, pp. 199-200), but the copy and the
model are different modes of articulating alterity as they
will always be different from ‘originals’ and ‘products’.
In this way, the Scandinavian scimitars are not ‘mis-
understood’ Hittite sheathed swords and they do not ‘imi-
tate’ a foreign ideal, nor are flint replicas inferior to bronze
models. These alleged derivatives should instead be

appreciated as reformulations of material idioms, just
like laminate flooring uses photographic appliqué to
achieve the appearance of wood, or like sculpture trans-
lates the texture of fabric, skin and hair into marble or
gypsum. This does not mean that the notion of models and
copies has to be abandoned, and the production of highly
resembling artefacts could very well in certain cases be
part of a copying strategy; yet I suggest that bronze work-
ers in period I of the Nordic Bronze Age were either well
aware of the impossibility of creating ‘ideal’ copies in a
Platonic sense or that the referentiality to embedded
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cultural meanings and values became disentangled from
the artefacts in their local contexts. The important conse-
quence of these observations is not simply that resem-
blance between artefacts is caused by imitation (as
phrased axiomatically by Tarde 1903, p. 14), but rather
that the repetition of forms produces variation (paraphras-
ing Tarde 1903, p. 7).

This repetition cum variation of material forms, we
may expand, were exposed to and stirred heterogeneous
attitudes to the conceptualisation of objecthood, which is
also reflected in the flint-working tradition. As such, the
production of flint artefacts should not be seen as naive
and impossible attempts to create bronze artefacts in stone,
but rather as a way of distancing oneself from the dogma
of bronze work as well as the form-based traditionalism of
flint technologies. This did not so much concern the con-
sumer of artefacts, but more so the very notion of arte-
facts, their manufacturing processes and mechanical
properties.

Conceptualisations of objecthood thus became mobile,
not pinned down to one shared ontology or circumscribed
by one unified cultural attitude, but were in a constant
dialogue with technological exploration and inter-artefac-
tual dynamics. This dynamism resembles the multiple and
changing ontologies that have been suggested in recent
ethnographies mentioned earlier, but I do not wish to
argue that the material I have discussed in this article is
evidence of multiple or dynamic ontologies in the begin-
ning of the Bronze Age. Rather, I believe that the material
shows clearly that seriality, similarity and simulacra were
part of a creative reflexivity that stirred new epistemolo-
gies; new ways of knowing, extending beyond the knowl-
edge of properties of materials, artefacts and processes of
production by raising more fundamental questions as to
what is an object.
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This article presents results from recent re-analysis of the faunal remains from Mullerup (Zealand), the first excavated site
attributed to the Maglemose Culture (9600-6550 cal BC) in Denmark. All faunal remains and fragments related to the bone
tool industry (pieces and waste) were studied together, in order to reconstruct the total exploitation of animal resources for
dietary as well as ‘technical’ (non-dietary) purposes by Maglemosian groups. The detailed quantification of species,
individuals, skeletal elements, as well as marks on the bone surfaces provides relevant data to reconstruct the relative
contributions of the five main hunted species (ungulates) to subsistence and technical activities, such as bone tool
production. The ungulates were exploited in different ways, depending on species, transport strategies, and raw material
needs. This article particularly focuses on the acquisition of raw material for making bone tools and its influence on the
whole carcass treatment. The reconstruction of the total exploitation of animal resources thus addresses important issues in
Maglemose socioeconomic organization.
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1. Introduction

The Maglemose culture was named after the excavation of
Mullerup,' located in the ‘Magle Mose’ peat bog in
Zealand (Denmark), in 1900 by G.F.L. Sarauw (Sarauw
et al. 1903). Mullerup was, at that time, attributed to a
period preceding the kokkenmaoddinger or shell midden
period (Sarauw 1906) that was first attributed to the
Neolithic and then to the Late Mesolithic Ertebelle culture
(Brinch Petersen and Meiklejohn 2007). The Maglemose
culture was then more precisely defined, thanks to impor-
tant excavations in Denmark (Figure 1): Svardborg I
(1918-1919) (Friis Johansen ef al. 1919), Holmegard I
(1923-1924) (Broholm et al. 1924), Holmegard 1V, V,
and VI (Becker 1945), Sverdborg 1 (1943) and Lundby
II (Bille Henriksen et al. 1976, 1980), Ulkestrup I and II
(Andersen 1951, Andersen et al. 1982) and particularly in
Amosen bog (Mathiassen et al. 1943); and on the basis of
synthetic work concerning the lithic industries (Becker
1945, 1953, Brinch Petersen 1966, 1973).

The Maglemose culture is now considered the first
Mesolithic culture in Denmark and southern Scandinavia,
lasting from 9600 cal BC? to 6500 cal BC (Brinch
Petersen 1973, Moller Hansen et al. 2004) and preceding
the Kongemose and Ertebelle cultures. The Maglemose
sites located in Zealand (Figure 1) mainly dated to the
Boreal period, yielded very well-preserved faunal remains

and an abundant and diversified bone tool industry. This
bone tool industry appears to be homogeneous, in terms of
typological composition, as well as in terms of raw mate-
rials used (species and anatomical parts) and manufacture
techniques (David 1999, 2003a, 2003b, 2004). Bone
points are predominant (straight and barbed points), along-
side heavy tools (hammer-axes, adzes, handles/sheaths,
blade axes) from cervid antlers, mainly elk and red deer.
Such an industry is now considered one of the main
components of the Maglemose culture (David 1999,
2003a, 2003b, 2004). Thus, the acquisition of raw materi-
als for its manufacture was very likely a key issue for
Maglemose hunter-gatherers in animal exploitation.

Animal resource exploitation for subsistence and raw
materials involves choices in the way animals were
selected and how their carcasses were processed. Which
species were mainly hunted? For what resources or raw
materials were they exploited? Were they all exploited in
the same way?

The main faunal assemblages from Maglemose sites
have rarely been studied from this specific perspective and
in detail. Most are short studies, part of the (sometimes
old) monograph publications (e.g., Sarauw et al. 1903,
pp- 194-199). Maglemose faunal assemblages also pro-
vided material for specific studies, such as fauna history
reconstruction, notably after the deglaciation of Denmark
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Figure 1. Distribution of the main Maglemosian sites from Zealand (Denmark) with faunal remains: 1, Vig; 2, Prejlerup; 3, Favrbo; 4,
Ulkestrup I and II; 5, Verup; 6, Vinde Helsinge; 7, Mullerup; 8, Holmegard I, IV, and V; 9, Lundby I and II; 10, Svaerdborg I and II; 11,

Lundby Mose; 12, Barmose I; 13, Skottemarke.

(e.g., among many, Degerbel and Fredskild 1970, Aaris-
Serensen 1992, 1999, 2009) or seasonality of occupations
(e.g., Rowley-Conwy 1993, Carter 2001, 2009, Carter and
Magnell 2007). We can, however, mention pioneering
work on cut-mark analysis and exploitation reconstruction
using Mesolithic bone assemblages, including Maglemose
sites (Noe-Nygaard 1977, 1987, 1995) and the first
synthesis concerning Maglemose subsistence economy
(Blankholm 1996) that raised the question of the over-
lapping between exploitation for dietary purposes and
exploitation for raw material.

This article presents the main results from the re-ana-
lysis of the faunal assemblage from Mullerup (Sarauw et
al. 1903), which is the reference site for the Maglemose
culture. This analysis was part of a doctoral thesis (Leduc
2010b) that specifically focused on the question of ‘total’
animal exploitation (see Fontana et al. 2009) and the
management of animal resources by Maglemosian groups,
i.e., the exploitation of all the animal resources and its
consequences on the way different species were hunted
and processed.

Therefore, one of the purposes of the study was to
decipher how carcass exploitation and raw material

selection for bone tool manufacturing were articulated at
Mullerup. Were they priorities in resource exploitation?
Were these priorities the same for each species?

This article will focus only on the exploitation of the
five ungulates which dominate the Mullerup faunal assem-
blage (89% of the number of identified specimens NISP):
wild boar (Sus scrofa), elk (Alces alces), red deer (Cervus
elaphus), roe deer (Capreolus capreolus), and aurochs
(Bos primigenius). These examples will emphasize the
fact that animal resources were exploited in different
ways, notably based on raw material needs.

2. The Mullerup site

Mullerup is located in the north-western part of Zealand
(Denmark), a few kilometers from the western coast
(Figure 1). At the time of occupation, Mullerup was an
inland site located less than 50 km from the outlet of the
Ancylus Lake (Sarauw et al. 1903).

The site is dated to the Boreal period according to
pollen analysis (Jessen 1935) and was later attributed to
an early phase (phase 2) of the Maglemose culture based
on the lithic industry (Brinch Petersen 1973, 1993).
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Several radiocarbon dates (Tauber 1972, 1973) situate the
occupations, after calibration, between 8225 and 6828 cal
BC (calibration with Calib Rev. 6.0.1© (Stuiver and
Reimer 1993, Reimer et al. 2009) Leduc 2010b, p. 121).
A recent Accelerator Mass Spectrometry radiocarbon
date result on a human femur (Fischer et al. 2007) pro-
vides a similar age: 75107187 cal BC (AAR-8554/NM1
A18269: 8310 + 55 BP).

The archaeological material was all recovered from the
same peat layer. Although the duration and number of
occupations at Mullerup are not known, the lithic assem-
blage (Brinch Petersen 1973) and bone tool industry
(David 1999, 2004) are homogenous and typical of the
early Maglemose period (lithic phase 2). This enabled
study of the excavated bone material as a single unit,
resulting from occupation(s) by the same group(s) of
people. Despite the early date of the excavation (1900),
fairly good recovery of faunal remains was done, as many
bone splinters are present. However, analysis of the size
distribution of bone fragments shows that bone fragments
less than 2 cm are under-represented (Leduc 2010b,
p. 148), which is likely due to the lack of sieving.

Based on the abundance and diversity of archaeologi-
cal material, the site was interpreted as a settlement site
(Sarauw et al. 1903) involving a wide range of activities
such as lithic production, bone tool manufacture, and
subsistence activities. The spatial distribution of lithic
waste (Gren 1995, Blankholm 1996) led to the hypothesis
of a small inhabitation for a small group of people on an
islet in the middle of a former lake, with a large refuse
area in the lake (Figure 2, Leduc 2010b, p. 127-129), as
described at Ulkestrup I and II (Andersen 1951, Andersen
et al. 1982, Gron 1995).

3. Materials and methods

The former study of faunal remains, undertaken by H.
Winge (Zoological Museum, Copenhagen), led to the
determination of around 30 species (13 mammal species,
15 bird species, and one fish species). No new species
were identified during the re-analysis. Winge’s work
pointed to a summer occupation, based on the presence
of very young individuals, unshed roe deer antlers, and
migratory bird species nesting in Denmark during the
warm months, such as the common crane (Grus grus).
Later, Carter (2001) X-rayed the dental remains from
young red deer and roe deer from Mullerup in order to
very precisely describe the tooth development stages, also
concluding a summer, possibly spring, occupation. The re-
analysis by the author also led to an occupation period
during the warmer months of the year, from April to
October (Leduc 2010a, 2010b, pp. 244-245).

The Mullerup site yielded 4515 bone and antler frag-
ments, waste, and pieces from tool manufacture included.
Mammals are widely predominant (Table 1). They account

A,BCDEFGHIJKABCDEFGHIJKABCDEFGHIJK

1.

7 1|
5 N
4-

5

6] hd v

o

8

9

10

1

2

3

4

: [ = 2

6 . P

7

8 —

9 /] -

10 1 -

1

2

3

4

1w o S
6

7

8-

9_

19

1 ] _Jo

; H D 1-5

: - 96—25

c - 26-45
s Vil ] Il 46-65
7

8] H D Waste layer B ce-e
g ; [l 36-105
¥ —  [Jpwelling area B4 100 plus

Figure 2. Map of the Sarauw’s excavation at Mullerup (Sarauw
et al. 1903, fig. 2, p. 156 and fig. 8, p. 188), showing the
regartition of faunal remains, per densitzy (number of specimen/
m~; Leduc 2010b). One square = 1 m~. The restitution of the
dwelling area and the waste layer position is after Gren (1995, p.
77) according to the lithic waste distribution.

for 92.4% of the NISP and 99.8% of the number of uni-
dentified specimens (NUSP). The five ungulates are the
main hunted species (Table 1; Figure 3): wild boar, elk,
red deer, roe deer and aurochs. They account for more than
89% of the total NISP and 96.9% of the mammal NISP
while other mammals (mainly fur-bearing mammals) are
represented by a small number of fragments and indivi-
duals. There are only a few bird bones (NISP = 128), but
they belong to 15 species, mainly aquatic birds. Finally, fish
bones are all from one species, pike (Esox [ucius), mostly
large individuals, due to the lack of sieving during the
excavation (Leduc 2010b, pp. 249-251).

The data presented here are based on the study of the
entire faunal assemblage. This means that not only were
remains commonly interpreted as resulting from butchering
activities taken into account but also all remains attributed
to the bone industry, i.e., manufactured pieces (tools, weap-
ons, ornaments) and waste (fragments showing marks from
debitage and/or related to the manufacture of pieces).

This new analysis is based on the detailed quantifica-
tion of bone material, using several criteria: NSP, NISP
and NUSP; a derived ‘bone industry NISP’, i.e., the NISP
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Table 1. Taxinomic composition of the Mullerup assemblage.

NSP Bone

industry

Taxa NSP  MNI NSP (%) MNI (%) NSP Bone industry (%)
Sus scrofa scrofa — Wild Boar 938 21 29.9 18.6 17 6.7
Alces alces — Elk (included unshed antlers = 71) 624 7 19.9 6.2 87 34.5
Cervus elaphus — Red Deer (shed antlers exluded) 477 4 15.2 3.5 71 28.2
C. capreolus — Roe Deer (included unshed antlers = 16) 445 13 14.2 11.5 56 222
Bos primigenius — Aurochs 326 5 10.4 4.4 13 5.2
Martes martes — Pine Marten 23 6 0.7 53 _ B
Castor fiber — Castor 21 2 0.7 1.8 _ B
Meles meles — Badger 12 2 0.4 1.8 _ _
Canis familiaris — Dog 11 2 0.4 1.8 2 0.8
Ursus arctos — Brown Bear 10 3 0.3 2.7 1 0.4
Vulpes vulpes — Red Fox 8 2 0.3 1.8 _ B
Felis silvestris — Wild Cat 4 1 0.1 0.9 _ B
Sciurus vulgaris — Squirrel 1 1 0.03 0.9 _ _
Total identified mammals 2900 69 92.4 61 247 98
Cygnus olor — Mute Swan 46 4 L5 3.5 3 1.2
Anas platyrhynchos — Mallard 22 7 0.7 6.2 B
Anas acuta — Northern Pintail 15 4 0.5 3.5 _ _
Podiceps cristatus — Great Crested Grebe 14 2 0.4 1.8 1 0.4
Phalacrocorax carbo — Great Cormorant 9 1 0.3 0.9 B _
Haliaeetus albicilla — White-tailed Eagle 7 2 0.2 1.8 1 0.4
Botaurus stellaris — Eurasian Bittern 3 1 0.1 0.9 B
Clangula hyemalis — Long-tailed Duck 2 2 0.1 1.8 _ _
Gavia arctica — Black-throated Loon 2 1 0.1 0.9 B -~
Grus grus — Common Crane 2 1 0.1 0.9 _ B
Milvus milvus — Red Kite 2 1 0.1 0.9 B B
Ardea cinerea — Grey Heron 1 1 0.03 0.9 _ B
Larus ridibundus — Black-headed Gull 1 1 0.03 0.9 _ B
Dryocopus martius — Black Woodpecker 1 1 0.03 0.9 _
Garrulus glandarius — Eurasian Jay 1 1 0.03 0.9 B B
Total identified birds 128 30 4.1 26.5 5 2
Esox lucius — Pike 109 13 3.5 11.5 B B
Emys orbicularis — European Pond Turtle 1 1 0.03 0.9 _ B
Total identified 3138 113 100 100 252 100
Large Cervids (A4lces/Cervus) 76 _ 6 _ 36 16.2
Antlers from Large Cervids 21 2 _ 9 4.1
Large ruminants (4/ces/Cervus/Bos) 583 _ 45 _ 101 45.5
Mammals of Wild Boar/Red Deer's size 143 B 11.1 B B B
Large ungulates 327 _ 25.4 _ 28 12.6
Middle size mammals 54 B 4.2 B 6 2.7
Small mammals 5 _ 0.4 _ 1 0.5
Mammals 76 B 6 B 40 18
Total unidentified mammals 1285 99.8 _ 221 99.5
Unidentified birds 3 _ 0.2 _ 1 0.5
Total unidentified 1288 _ 100 _ 222 100
Total 4426 113 98 _ 474 84.6
Red deer shed antlers 89 _ 2 _ 86 15.4
Total 4515 113 100 560 100

Notes: NSP, number of specimen; MNI, = minimum number of individuals.

related to the bone industry; minimum number of indivi-
duals (MNI), according to right and left skeletal part
fragments, after Poplin (1976a, 1976b); minimum number
of elements (MNE, Lyman 2008). The relationship
between the frequency of anatomical parts identified
(MNE) and the MNI leads to reconstruction of the dis-
tribution of skeletal parts, presented in percentages

(%PO) — the ratio of ‘found/expected’ skeletal elements
(Grigson and Mellars 1987, Bridault 1993) — which shows
over- or under-representation of body parts relative to
taphonomy, or carcass transport and/or processing.
Quantification of the material was thus conducted at
different levels: species, individuals, anatomical parts,
fragments and even at the level of cut-marks or



66 C. Leduc

40
B %NISP
%MNI
30
% 20
10
0- - —- W
R R O R
> Q/bb ozb & g & %’bb $<\‘° Qg,b R (90‘?\
N
& ¥ ¥ O O

Figure 3. Species composition of the Mullerup mammal bone
assemblage, worked pieces included (Total NISP = 2900, shed
antlers excluded).

manufacturing marks. The status of each species could
thus be analyzed and described: establishing their fre-
quency in the assemblage (number of fragments and num-
ber of individuals), evaluating the integrity of carcasses
(skeletal part distribution), and reconstructing their exploi-
tation through the reconstruction of the frequency of iden-
tified activities (analysis of butchery marks, bone breakage
for marrow extraction, use of specific skeletal elements for
bone tool manufacture, etc.). The latter issue requires
identification of exploitation activities, from the interpre-
tation of cut-marks, breakage marks and manufacture
marks observed on bones.

Juvenile skeletal elements, mostly from very young
animals, less than 6 months, are quite numerous as they
account for 12.7% of the whole assemblage (NISP). These
are mostly bone fragments belonging to the ungulate
species in various proportions. Bone fragments from
young individuals are more fragmented as a result of
taphonomic processes because of their higher fragility
than those from adults. This has consequences on the
potential to identify the species (17.1% of the unidentified
mammal bones and 32.1% of the unidentified fragments
assigned to large ruminants are from young individuals)
and sometimes the anatomical part itself. Moreover, con-
sidering each taxa separately, juvenile bones show fewer
cut-marks than bones from adults. This can be due to
taphonomic biases, resulting from biases observed in
body part representation. In addition, most of the proximal
and distal ends of juvenile long bones, which often have
disarticulation cut-marks, are missing. This may also be
due to specific transport strategies or butchering patterns
for young individuals, perhaps less disarticulated than
adults. Furthermore, young animals were never used as a
source of raw material for bone tool manufacture (one
exception being a metatarsal bone from a young elk with
grooving marks), probably because very young bones, not
completely grown, are more fragile and thus unsuitable for
debitage or use. For these reasons, if both adult and

juvenile remains were used to compare the carcass exploi-
tation of each species, they were considered separately for
each taxon.

4. Results
4.1. Bone tool industry
4.1.1. Species composition of the bone industry

About 12.4% of the whole faunal assemblage (identified
or not) is related to the bone industry (Figure 4). These are
complete or broken pieces (n = 240), including straight or
barbed projectile points, fish hooks, various domestic tools
made from bone (awls, points, hammers) or antler (axes,
hammer-axes, adzes, punches) and personal ornaments
made from teeth (David 1999, 2003a, 2003b, 2004), as
well as waste (n = 306) and unidentified fragments (pieces
or waste: n = 14) (Figure 5). This percentage must be
considered a minimum as the manufacturing of an object
does not necessarily leave traces on all the waste produced
from one raw material.

Indeed, the important amount of waste (54.6%) sug-
gests that production of bone tools took place on the site
(David 1999, 2004). Mammal bones (antlers excluded)
provided the majority of the raw material (69.5%). Since
manufacturing processes often deeply modify the mor-
phology of the bone matrix, specifically in projectile
point manufacture (David 1999, p. 278, 2004 p. 264),
many of the items cannot be attributed to one species or
another (Figure 4; Table 2). However, for the most part,
these unidentified pieces can be assigned to large mam-
mals such as elk, red deer and aurochs (64.6%).

Bone tool
industry
2.4% Identified
‘ Antlers mammals
29.5% 31.6%
Unworked

faunal remains
87.6%

Unidentified
mammals
37.9%

Large cervids

Roe deg
unshedd
6.1%

Elk Red deer
unshed shed antlers
52.1%
antlers
36.4%

NSP total = 4515
Bone tool Industry = 560
Bone tool Industry from antlers = 165

Figure 4. Bone tool industry frequency among the whole faunal
assemblage and composition.



Danish Journal of Archaeology 67

Projectile
points

Figure 5. Composition of the bone tool industry, according to
large typological categories (see David 1999, 2004, Leduc
2010b): domestic heavy tools refer to adzes, axes, and hammers;
pointed domestic tools refer to awls and small points which are
not interpreted as projectile points.

4.1.2.  Antler exploitation

A third of the raw material used for the manufacture of
tools is from cervid antlers (Figure 4; Table 2). Antler
exploitation differs from one species to another. Red deer
antlers are predominant (52.1%). Seven antler bases are
present, all from shed antlers and the 89 fragments of red
deer antler identified in the assemblage (96.6% are pieces
or waste from the bone industry) could theoretically
(Bridault et al. 2009) come from these seven antlers,
from adult red deer, considering the size and the detailed
origin (stump, tine, beam, crown, terminal tine, etc.) of
each fragment (Figure 6). As red deer heads and unshed
antlers are missing (see below), it can be assessed that
only shed antlers were exploited on the spot, for making
tools. These antlers were quite intensively exploited:
mostly axes, adzes, and punches were made from the
different antler parts, and the presence of abundant waste
also suggests that manufacturing activities took place at
the site.

In contrast, elk and roe deer antler fragments are very
likely all from unshed antlers, i.e., removed from animals
hunted and at least partially exploited on site. For elk
antlers, 71 fragments are present and 84.5% of these are

Table 2. Taxonomic composition of the bone tool industry from Mullerup.

Taxa Piece Waste Unidentified Total %

Red deer 9 B 71 12.7
Roe deer 16 1 46 8.2
Elk 11 -~ 27 4.8
Wild boar 10 1 17 3

Aurochs 9 B 13 2.3
Dog 2 _ 2 0.4
Bear _ _ 1 0.2
Castor _ B _ B _

Total (identified mammals) 57 118 2 177 31.6
Large cervids 27 _ 36 6.4
Large ruminants 60 7 101 18

Large ungulates 16 2 28 5

Mammal (middle size) 6 _ 6 1.1
Mammal (small size) 1 _ 1 0.2
Mammal (unidentified) 34 B 40 7.1
Total (unidentified mammals) 144 9 212 37.9
Red deer antlers (shed) 24 1 86 15.4
Elk antlers (unshed) 5 _ 60 10.7
Roe deer antlers (unshed) 1 B 10 1.8
Large cervids antlers 8 _ 9 1.6
Total (antlers) 38 126 1 165 29.5
Mute swan _ 2 3 0.5
White-tailed eagle _ B 1 0.2
Great crested grebe 1 _ 1 0.2
Birds (unidentified) 1 B 1 0.2
Total (birds) 2 2 6 1.1
Total 241 305 14 560 100
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Figure 6. Repartition of the red deer antlers fragments from
Mullerup, in comparison to the number of similar fragments from
seven theoretical antlers (according to Billamboz, 1979, p. 96,
i.e., one antler with two beams, three main tines, one crown with
four terminal tines).

related to the bone industry. Only two bases are present,
both from unshed antlers from two different individuals.
Elk antlers are highly fragmented, in very small fragments
mostly coming from the palm, from upper or lower faces
that are often separated. This is due to very high desicca-
tion that occurred after the excavation and which prefer-
entially affected flat elements, among them elk antlers. In
consequence, it is more difficult to determine whether all
of these antler elements came from these two unshed
antlers or whether some pieces were from other antlers
for which the bases are missing.

Roe deer antlers (z = 16) are more numerous in terms
of individuals, as six right antlers and five left antlers are
present (after refitting); all are unshed antlers. Nine can be
considered as waste from debitage, showing a very spe-
cific breakage pattern, close to the base: ‘flexion-break’ or
nicking for ‘prepared breakage’ (David 1999). Thus, the
distal ends were the sought parts, but only one finished
piece, a hook made from the distal end of a roe deer antler,
has been discovered (n° M497, David 1999, pp. 178-179,
fig. 51, 2004, pl. 5, n° 15). It is not possible to state with
certainty that this piece was made on the site, from one of
the unshed antlers discarded at Mullerup, and it appears
that, except for this one, the distal ends are missing,
perhaps transported to another site (as finished pieces?)
or lost during utilization outside the site.

4.1.3. Bone and teeth exploitation

When we examine the industry made on bones and teeth
(antlers excluded) and pieces that have been positively
identified to species (Figure 7 and Table 2), we see that
the cervids are the main species group used for the bone
tools (81% of the bone industry NISP), mostly for straight
or barbed projectile point manufacture from metapodials
and ribs, or for hooks and awls from long bones. For this

(b) Other Birds
mammals 1%
2%

Other Birds
mammals
3%\

Wild boar
32%
Roe deer
26%

Roe deer
15%

Red deer

Red deer 20%

16%

NISP = 2941 NISP bone industry = 183

Figure 7. Taxinomic composition of the Mullerup bone assem-
blage (a, excluding European pond tortoise — Emys orbicularis,
n = 1) and of the Mullerup bone industry (b).

purpose, red deer, whose bones yielded 40% of the raw
material, is the most commonly used species. Roe deer is
also very well represented (26% of the bone industry
NISP), notably because of the use of their metapodials
and tibia for making tools or points, as is also seen for elk
(15% of the bone industry NISP), for which the ribs were
also used for barbed points and a couple of teeth for
personal ornaments. Aurochs was used for a few worked
pieces (9% of the bone industry NISP), mostly metapo-
dials for heavy tools such as adzes and hammers (David
2002). Wild boar, while the dominant hunted species
(Figures 3 and 7), was used for only a few finished pieces
(9%), mostly tools made from male tusks and waste
resulting from the debitage of a few tibias. The other
mammal species are rarely used for making bone tools:
two canines from dog (Canis familiaris) were perforated
for making personal ornaments and one proximal end of
an ulna from an adult bear, which is waste from debitage.

The use of bird bones also remains marginal (1.1% of
the bone industry NISP). Only a few long bones from
mute swan (Cygnus olor; n = 3), white-tailed eagle
(Haliaeetus albicilla; n = 1), and great crested grebe
(Podiceps cristatus; n = 1) and one piece from an uni-
dentified species are present, mostly waste showing scrap-
ing or sawing marks. A humerus from mute swan with
incisions forming a V-shaped design is also noted (Leduc
2010b, p. 1606).

Thus, while mammals, and particularly ungulates, are
the main species hunted and also the main species supply-
ing raw material for the bone tool industry, the different
species do not have the same value for this purpose. For
instance, the mentioned opposition between the involve-
ment of wild boar and red deer in hunting strategies and in
the bone tool industry suggests different status of these
species and different uses of their resources and may
imply different exploitation patterns.
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4.2. Hunting strategies for ungulates

This section, and before discussing the specific question of
differential exploitation of species, focuses on the acquisi-
tion of animals, through the reconstruction of mortality
profiles of the five ungulates, in order to identify possible
differential hunting strategies. Unfortunately, the data
allowing identification of age and sex are often scarce at
Mullerup and the results are quite limited.

4.2.1. Wild boar

At Mullerup, a minimum number of 21 individuals were
identified. Isolated teeth and mandible or maxillary frag-
ments (number of teeth = 127) were used for age determi-
nation, using accurate references concerning tooth
eruption and development (Matschke 1967, Carter and
Magnell 2007, Magnell and Carter 2007), and use-wear
patterns (Varin 1977, 1980, Iff 1978, Habermehl 1985).
As precise age assessment of adults (more than 3 years) is
problematic considering the large individual variation, the
mortality profile (Figure 8) has been balanced for adults
(division of larger age groups). It shows that the wild boar
hunted population is divided in two categories of indivi-
duals (Leduc 2010a, 2010b, p. 204). First, very young
individuals were hunted (44.4% of individuals are less
than 6 months old; 31.5% of the number of teeth).
Second, adults more than 3-10 years old are present
(50% of the individuals; 63% of the number of teeth),
mainly young adults from 3 and 5 years (five individuals).

The young individuals are mostly 2—5 months years
old (M1 not yet erupting but present as complete crown in
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the cavity). Individuals from 6 to 12 months are absent, as
well as from 14 to 24 months old (one individual was
killed when 13 months old). Indeed, individuals aged from
6 to 12 months would normally be easily identified, show-
ing erupted M1 with no wear or in a very early stage, but a
not yet erupted M2, and also those from 18 to 24 months,
showing erupted M2 and permanent premolars, and a not
yet erupted or erupting M3. If we consider that there is no
differential preservation between these individuals and the
younger ones, we can thus argue for a real absence of
individuals in these age classes. The lack of these age
classes most likely reflects seasonal hunting, during the
warmer half of the year.

The wild boar sex-ratio for adults, estimated from a
combination of osteometric data from the scapula, com-
pared to data from modern and Mesolithic wild boar
(Magnell 2005, 2006), and canine’ morphology, is six
females to three males. At Mullerup, we can thus conclude
that Maglemose people hunted mainly sounders, i.e.,
females with their offspring, and a few solitary adult
males.

4.2.2. Red deer and elk

The red deer yielded very few teeth remains. Three indi-
viduals have been identified: one juvenile between 3 and 6
months old (one mandible fragment with deciduous P3
and P4 without wear, cf. Riglet 1977, Habermehl 1985)
and two adults between 6 and 7 years old (three complete
mandibles) according to the wear stages (Habermehl 1985,
p. 29, Brown and Chapman 1991). As teeth are rare,
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examination of epiphyseal fusion and bone development
stages has been used to assess the age of red deer
(Habermehl 1985). This led to the identification of four
young individuals under 3 months old and five individuals
over 36 months (Leduc 2010b, pp. 215-217).

Since antler fragments all come from shed antlers and
skull fragments are rare, only few osteometric data could
be used to attend to assess sex-ratio from red deer bones.
The results show very high values, higher to actual males
values (Boessneck et al. 1963) evidencing possibly three
stags (Leduc 2010b, pp. 218-222). These data are also
high in comparison with data from other Mesolithic sites,
such as Star Carr, in England (Legge and Rowley-Conwy
1988, p. 54) or earlier Mesolithic sites from Kongemose or
Ertebolle contexts (Noe-Nygaard 1995) and Neolithic con-
texts (cf. Seeberg Burgdschisee-Siid in Switzerland,
Boessneck et al. 1963). But data from other Danish
Early Maglemose sites also show high values (Bille
Henriksen et al. 1980; Noe-Nygaard 1995) and could be
related to higher sizes in red deer populations from this
period in Scandinavia.

Regarding elk, only 21 dental elements allowed the
identification of five individuals of different ages. Two
individuals are 2.5 months old and one is approximately
1 year old (Habermehl 1985). Two individuals are adults,
approximately 2-3 years old and approximately 4 years
old (Quimby and Gaab 1957, pp. 441443, Jensen 2001).
But, like the red deer, examination of epiphyseal fusion
and bone development stages (Habermehl 1985) increased
the number of individuals: one more young individual and
three more adults, over 36 months old, were identified
(Leduc 2010b, p. 211). As stated above, the presence of
two antlers of different morphology and size suggests the
presence of two males. Rare osteometric data (atlas) con-
firm the presence of one male, in comparison with actual
and archaeological data (Chaix and Desse 1981).

Concerning red deer, excluding the autumnal rut per-
iod during which stags are following hind groups, mature
individuals form single-sex groups, hinds living with their
offspring while stags are often solitary or forming small
groups when they are young (Macdonald and Barrett
1995, Geist 1998). On the other hand, elk are more soli-
tary, females staying with their offspring. But during and
after the rut, elk form small family groups and occasion-
ally gather in larger groups during winter (Macdonald and
Barrett 1995, Geist 1998). Although, here, data are too
weak to infer a real predominance of stags for the two
species. Moreover, the presence of four young red deer
and three young elks confirms that family groups were
hunted. We can thus suggest that red deer and elk acquisi-
tion likely combined two different hunting strategies, in
early summer before the rut period, when some of them
were hunted: first, the hunting of herds of hinds with
juveniles and, second, the hunting of solitary stags or
herds of stags.

4.2.3. Roe deer

Nine individuals have been identified and aged from roe deer
dental remains (n = 22 elements; 53 teeth). According to
erupting and wear stages (Tomé 1999, Carter 2001, 2006,
Tomé and Vigne 2003), one individual is 3—4 months old,
five individuals are between 12 and 20 months old (among
them two individuals approximately 15 months old), two are
about 2 years old and one is over 3 years old. Young
individuals are better represented by post-cranial elements,
as four individuals are less than 9 months old according to
analysis of epiphyseal fusion and bone development stages.

As presented above, six males are identified from
complete or almost complete skulls wearing unshed
antlers. The examination of the pelvis morphology
(Boessneck et al. 1963, p. 112) allowed the identification
of three males and two females.

Thus, for roe deer, considering the sex ratio from skull
elements that are most numerous, and bearing in mind the
small number of individuals, hunting strategies could have
been mostly directed toward subadult and adult males, but
did not exclude females and young individuals. As roe deer
did not reach their maximal weight before reaching 23 years
in age (Tomé 1999, p. 53), we can probably exclude the
search of maximal meat weight as motivation for hunting of
males. However, subadults and young males often form
small herds during the rut period (Legge and Rowley-
Conwy 1988, Tomé 1999), probably making them more
vulnerable. On the other hand, the search for antlers could
have been another motive, as they are all removed from
skulls, despite the scarcity of clearly manufactured pieces
from roe deer antlers on the site.

4.2.4. Aurochs

Excluding the two perforated teeth that could have been
transported to the site as finished pieces, dental remains
from aurochs are rare (n = 3). One complete maxillary
bone with all the permanent teeth, without very deep wear
is from an adult, and two isolated teeth (lower M2 and
upper P4) are probably from another individual, an old
adult showing advanced wear. The epiphyseal fusion
stages from post-cranial elements (Habermehl 1975)
allowed the identification of three young individuals
(two less than 3 months old and one 3—10 months old),
one individual less than 30 months old, and two adults
more than 36 months old. Concerning the sex identifica-
tion, according to the pelvis morphology and osteometric
data (pelvis, horn core, scapula, femur, tibia), one female
and four males have been identified.

Thus, although small herds of females with their off-
spring were hunted, adult males may have been a prefer-
ential target for hunters at Mullerup. Hunting large males
can be considered more dangerous for hunters, but more
profitable in terms of meat quantity and perhaps also of
greater value from a symbolic point of view. If we
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consider that these hunting episodes occurred during the
warmer months, they could have occurred during the rut
period, when males joined the females (Van Vuure 2005,
p- 271), making them easier to find and hunt.

Since the duration and the number of occupations at
Mullerup are not known, it is difficult to interpret hunting
strategies at the scale of occupation. At the site scale,
hunting strategies for the five ungulates seem to be quite
similar, i.e., without real selection aimed toward specific
individuals. However, complementary strategies depend-
ing on species could have occurred, showing a kind of
gradient concerning the presence of adult males as target.
Boars were occasionally hunted, males are present among
the large cervids, and finally, males are the main target for
roe deer and aurochs. Bearing in mind the small number
of individuals for each taxa and the relative weakness of
age and sex data, preventing clear conclusions, this gra-
dient, if reflecting real hunting strategies, could be due to
specific needs: meat and specific raw materials such as
boar tusks, big and strong long bones, antlers. Though, at
Mullerup, evidence supports rather several successive
hunting episodes that were more or less selective depend-
ing on species and immediate needs.

4.3. Exploitation patterns
4.3.1. Wild boar

At Mullerup, under-representation of wild boar axial ske-
letons (Figure 9) can partly be explained by taphonomic
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reasons: vertebrae and ribs are often less preserved and
less identifiable to species level in archaeological contexts
than are long bones (Lyman 1985, 1994). This could also
be due to selective collecting and the lack of sieving,
which would also account the under-representation of
lower extremities such as phalanges and sesamoid bones.
However, such bones could also be absent due to specific
treatment of hides, for instance. They could have been still
attached to the skin when removed. Despite these losses,
which could be explained by taphonomic reasons or exca-
vation methods, and perhaps by selective behaviour linked
to hide treatment, wild boar skeletal parts are well repre-
sented, particularly by heads and limb bones. All parts of
wild boar carcasses must have been transported to the site,
as a whole or as large portions of carcasses, after disarti-
culation of some elements (limbs, head).

More than a third of wild boar anatomical elements
(36.3% of MNE) have cut-marks from different activities.
Hide and sinew removal is suggested by specific cut-marks
on skulls and lower extremities. Disarticulation is widely
represented, at each articulation (to a lesser extent at the
knee), and all the fleshy parts show cut-marks from meat
removal. Finally, all long bones, but also mandibles, and first
and second phalanges were broken for marrow extraction.
Only 2% of the bones from wild boars were used in the bone
tool industry. These are mainly complete male tusks (n = 8),
which often show some scraping marks on the occlusal sur-
face. Two other pieces are interpreted as used as ‘Knives’
and one more, which is shaped on a longitudinal enamel

/'Bone industry (w = waste ; p= piece)
4_Disarticulation cutmark
+ Fracturation by percussion

Figure 9. Skeletal part, cutmark and bone tool industry distribution for adult wild boar at Mullerup (NISP = 837; MNE = 465; MNI =
16). Drawing of the wild boar: M. Coutureau, after Pales & Garcia (1981); bone tool industry drawings from E. David (1999; 2004) and

G. F. L. Sarauw (Sarauw et al. 1903).
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fragment, as an ‘adze blade’ (Sarauw ef al. 1903). Some of
these tusks could have been transported from another site as
finished pieces, given that males are not very well repre-
sented in the assemblage. A few bone fragments are tool-
making waste (n = 6) from tibia, femur, scapula and meta-
podial. The use of wild boar bones as raw material for the
bone tool industry seems, however, to be occasional.

4.3.2. Red deer and elk

The red deer and elk skeletal part distribution shows that
the axial skeleton is under-represented, likely for tapho-
nomic reasons (Figures 10 and 11). Yet the attested use of
ribs in the bone tool industry, for making the numerous
barbed points, could also partly explain such under-repre-
sentation. At Mullerup, waste and tools from large rumi-
nant ribs are numerous, but difficult to attribute to one
particular species given that they are fragmented and
deeply worked (e.g., scraped).

Red deer heads are nearly absent and the reason of
such absence is not very clear. If we consider a
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predominance of stags but the absence of unshed antlers,
one can suppose that red deer heads could have been left
at the kill-site or discarded elsewhere. Elk heads are better-
represented, possibly for the use of unshed antlers, and
thus selected to be transported to the site. Like wild boar,
cervid lower extremities may be missing due to collecting
techniques during excavation or a specific hide treatment.
In contrast, fleshy parts and metapodials in particular are
well represented. All elk skeletal parts are generally less
well represented than red deer: all bones are present but
often under-represented relative to the scapula and pelvis
bones. It can be inferred that elk may have been some-
times transported to the site as large carcass portions,
favouring specific pieces such as the fleshy upper legs.
This could also be the case, to a lesser extent, for red deer
carcasses of which the heads were removed and probably
left at the kill-site.

Considering the red deer skeletal part distribution, the
over-representation of metapodials is striking and must be
clarified (Figure 12). Quantification of metapodial frag-
ments indicates the presence of 10 individuals (10 left
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Skeletal part, cutmark and bone tool industry distribution for adult red deer at Mullerup (NISP= 405; MNE= 203; MNI= 4

[metapodials are excluded for the calculation of MNI, see in the text]). Drawing of the red deer: J.G. Ferrié¢ (2004), modified after
“Reindeer” (C. Beauval). Bone tool industry drawings from E. David (1999; 2004).
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from E. David (1999; 2004).

metatarsal bones) whereas all of the other anatomical parts
point to only four individuals. This can be considered as a
real over-representation since it is as for all long bones
based on the number of epiphyses.

Furthermore, all the metapodial fragments are waste or
fragments of finished pieces from bone weapon produc-
tion (NISP = 66), nearly exclusively for bone points, using
a very standardized method of manufacture, the ‘method
D’ as defined by David (1999, 2003a, 2003b, 2004). This
method includes specific calibration techniques of the
bone (e.g. removal of axial flakes from the upper articular
surface, using wedge-splinter technique and dotted per-
foration of the upper articular surface; and drilling techni-
que for taking off distal ends) before grooving for getting
long products.

Therefore, such over-representation of metapodials
may reflect systematic selection of these parts for the
bone industry. This issue led to the hypothesis that some

of these metapodials could have been imported from
another site as raw material in order to make some of
the very abundant bone points. Thus, some of these meta-
podials would have been not extracted from the red deer
carcasses exploited at Mullerup, but from other red deer
carcasses exploited elsewhere. Following this hypothesis
of additional imported metapodials, and taking into
account the discrepancy between the MNI relying on the
metapodials (10) and the one considering other long bones
(4), the skeletal part distribution was thus calculated con-
sidering the smallest MNI data, probably more close to the
relative importance of the species, in terms of individuals
exploited onsite at Mullerup (Leduc 2010a, 2010b,
p- 271).

Elk metapodials were also quite often used in the bone
tool industry, as 71.4% of the metapodial fragments are
finished pieces or waste, again mostly for bone points.
This use is thus very important, but not as systematic as
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Figure 12. Red deer anatomical portions distribution, according
to MNI = 10 (number of metapodials) and MNI = 4 (number of
other bones), given in %PO = the ratio of ‘found/expected’
skeletal elements (Bridault 1993, after Grigson and Mellars
1987).

for red deer. Moreover, unlike red deer, these bones do not
appear to be over-represented and we cannot infer the
importation of some of these bones as isolated raw
materials.

Around 40% of the red deer and 38% of the elk
anatomical elements show cut-marks. Hide and probably
sinew removal can be inferred from a few cut-marks on
phalanges. Disarticulation cut-marks are visible on red
deer first vertebrac and mandibles. This supports the
hypothesis of a specific treatment of red deer heads that
were removed and left at the kill-site. Elk heads were also
removed, but for some of these, likely at Mullerup where
they were then discarded. Disarticulation can also be seen
at each joint for both species and suggests that the major-
ity of carcass treatment took place at Mullerup. Evidence
of meat removal is broadly present on every fleshy bone.
Like wild boar, all of the long bones, mandibles, and first
and second phalanges were broken for marrow extraction.

More than 17% of red deer bone fragments are waste
or finished pieces from the bone industry. These are rib
fragments (n = 2), probably for barbed points (David
1999, pp. 210-212, figs. 67 and 68, 2003a, p. 81, fig. 7),
long bones represented by radius (n = 2), femur (n = 1),
and metapodials (n = 66), almost exclusively for the
manufacture of bone points (David 1999, 2003a, 2003b,
2004, Leduc 2010b). Elk bones (excluding antlers) were
less often used for the bone industry (only 5.3%). These
include two perforated incisors, a few long bones (one
decorated piece and two waste pieces from a radius, two
waste pieces from a tibia and one awl from an ulna), a few
pieces from ribs and thoracic vertebrae (n = 3) and bone
points and waste from metapodial debitage.

4.3.3. Roe deer

Taphonomic processes and the lack of sieving would have
more significantly affected roe deer bone than the other
ungulates since this is the smallest species among them.
This could explain the under-representation of some fra-
gile bones (Figure 13) such as ribs and vertebrae, and
small bones such as phalanges, sesamoids, carpals, and
tarsals. We can thus infer that roe deer must have been
transported as whole carcasses since the heads and long
bones are well represented. Along with the scapula, heads
are the best-represented skeletal parts and the need for
antlers could explain this. Skulls are often complete or
almost complete and antlers are fractured at their basis or
under the fork, and thus easy to identify within the whole
bone assemblage, while long bones were highly fragmen-
ted for marrow extraction.

Only 29.3% of roe deer anatomical elements have cut-
marks, primarily for disarticulation and meat removal.
This lower percentage could be related to the size of the
animal. It is possible that roe deer were more easily dis-
articulated than other ungulates, using ‘flexion’ techni-
ques, i.e., without cutting as far as reaching the bone.
The well-represented heads and the atlas rarely show
decapitation cut-marks. We also suggest that roe deer
were not treated in the same way because of their smaller
size, i.e., not completely disarticulated or boned before
consumption.

A large part of the roe deer bones were used as raw
material (11%, antlers excluded). Some finished pieces
were made from anatomically unidentified long bones,
including barbed and straight points, awls and one perso-
nal ornament; waste from long bones is also present. Like
red deer and elk, the bones most commonly used as raw
material are the metapodials, 60.4% of which are related
to the manufacture of points.

4.3.4. Aurochs

Unlike the roe deer, aurochs bones undergo less tapho-
nomic degradation and are easier to collect and identify as
they are bigger and thicker than those of the other ungu-
lates. Thus, the skeletal part distribution likely reflects a
real picture of which aurochs parts were discarded at
Mullerup (Figure 14). All skeletal parts are present, but
are often under-represented, relative to the MNI of five,
calculated from the number of scapula and pelvis which
are the best represented bones. This may be due to selec-
tion of the fleshiest parts of most of the carcasses, such as
the upper legs, to be transported and consumed at the site.
But the absence of some long bones such as humerus or
femur may suggest intense disarticulation offsite, in order
to take only the pelvic or pectoral girdles. We note that
two scapula fragments are waste from point manufacture
and could thus partly explain why these bones were
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selected to be transported to the settlement site. Under-
representation of aurochs bones may also be due to the
transport of boned meat to the settlement site or to the
discarding of butchering waste elsewhere, specifically
concerning this species. The metapodials are also under-
represented but are all (n = 6) waste or pieces associated
with heavy bone tools. It is not possible to determine with
certainty whether these objects (adzes, hammers) were
made from the aurochs carcasses processed at Mullerup.
Indeed, such pieces could have had a ‘long’ use life,
longer than weapons, and could thus have been trans-
ported to the site as finished pieces and discarded after
being broken. Like the large cervids, the under-representation
of ribs may be due partly to their use in the manufacture of
barbed points, since waste and finished pieces (n = 3) result-
ing from such use is present. Finally, the lack of lower
extremities and coccygeal vertebrae may be interpreted as
resulting from hide removal or discard at a primary butcher-
ing site. The importation of selected carcass portions for
aurochs can be easily understood in terms of transportation
constraints, as the species is the largest ungulate known
during the Mesolithic (approximately 800 to 1000 kg for a
male; Guintard 1999, p. 10).

Around 40% of the aurochs anatomical elements have
cut-marks. Like the other ungulates, the most represented
cut-marks result from disarticulation (legs, trunk, head)
and meat removal (head and upper legs), but many cut-
marks indicating hide removal are visible on one skull and
some phalanges. Only 4.5% of the aurochs bone frag-
ments were used in the bone industry, mostly metapodials
and the flat bones scapula and ribs.

5. Discussion

The five ungulates — wild boar, red deer, elk, roe deer, and
aurochs — together form the basis of subsistence and
furnished raw materials for a very large part of material
culture production at Mullerup. The hunting of these ani-
mals does not appear to have been very selective but
rather occurred in successive hunting episodes, during
the warm season, in addition to the acquisition of small
mammals, birds, and fish.

Regarding the five ungulate species, the exploitation
for dietary products, such as meat and marrow, has been
very intensive. This is shown by the high number of cut-
marks related to disarticulation and meat removal, invol-
ving every skeletal part of each species, in quite uniform
proportions. Only roe deer showed fewer cut-marks but as
suggested, this could be due to specific butchering pat-
terns. The removal of hides is suggested for each species,
but often by very little evidence, such as specific cut-
marks on skulls, metapodials, and phalanges. However,
the general under-representation of the lower extremities
and the absence of coccygeal vertebrae may indicate the
removal of hides, processed onsite or elsewhere. One

common feature is the systematic breakage of all mar-
row-yielding bones, including mandibles, and bones that
yield very little marrow, including the first and second
phalanges and some tarsal bones (calcaneus). Such inten-
sive marrow extraction is well known in Maglemose con-
texts and has been described at several Maglemose sites
(Friis Johansen et al. 1919, Broholm et al. 1924, Bille
Henriksen et al. 1976, Bille Henriksen et al. 1980,
Andersen et al. 1982). The bone breakage patterns for
marrow extraction observed at Mullerup are very similar
to those known from Maglemose sites and to those
described in detail by Noe-Nygaard (1977, 1987, 1995),
for early Danish Mesolithic sites. The very specific break-
age of the mandibles, along the tooth row, possibly to
extract the fat which surrounds the nerves into the canalis
mandibulae, has been described by Mehl (1978) at
Skottemarke and Favrbo, and is also known at Lundby
Mose (Mgller Hansen 2003, Moller Hansen et al. 2004,
2006, Leduc 2010b), and could thus be a particular char-
acteristic of the Maglemose bone breakage pattern, since
the earliest phases of this culture.

While there are clearly common patterns in the exploi-
tation of ungulates, when examined in more detail, carcass
exploitation patterns vary for each species (Figure 15),
depending mainly on transport practices, but also on raw
material needs.

Wild boar and roe deer would have been transported as
whole carcasses to the site (Figure 15). Carcass processing
took place at Mullerup. For wild boar, such exploitation
mainly focused on dietary resources. However, some ske-
letal parts were used for the bone industry, mainly male
tusks, among which some were possibly imported. Roe
deer supplied additional raw materials, including antlers
and long bones, mostly metapodials, which were quite
often selected to make tools and weapons.

After removal of the head, red deer may have been
transported as whole or sometimes large carcass pieces,
selected for both meat and raw material. A similar pattern,
but more significant, can be seen for elk, for which trans-
portation as pieces of carcasses seems to have been more
frequent, probably due to its bigger size. Metapodials must
have been a priority in red deer exploitation and to a lesser
extent also for elk as they are over-represented and sys-
tematically used as raw materials for weapons. Some
transport or storage strategies must have been developed
for this purpose. This may be due to very important needs
for projectile bone points, as these skeletal parts were
quite exclusively used to manufacture such pieces,
amounting to 54.7% of the pieces made of osseous mate-
rial. The question of a preference for weapons using bone
points during the Maglemose culture has been debated
(David 1999, p. 269, 2004, p. 256) and remains open.
The use of bone points as hunting weapons for large
mammals and not only as fishing weapons is probable
(Vang Petersen 2009, Leduc in press). But the presence
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at Mullerup of embedded lithic fragments in some bones
(an aurochs rib, thoracic vertebrae from a young deer and
wild boar), demonstrates the use of lithic arrowheads for
hunting (Leduc in press). Other examples such as the
discovery of Maglemose lithic arrowheads associated
(and sometimes embedded), with aurochs complete car-
casses at Vig and Prejlerup, in Zealand (Noe-Nygaard
1973, Aaris-Serensen and Brinch Petersen 1986a; 1986b)
also confirm this assertion.

Finally, the selective transportation of carcasses is
more significant regarding aurochs for which the very
large size required selection of the meat-yielding parts.
Here again, the use of metapodials as raw material is
systematic, but these bones are not very well represented
and used only for heavy tools, thus exploiting the specific
properties of these bones: big size, strength, and weight.

The importance of cervid metapodials for the
Maglemose bone industry has already been discussed.
Their abundance was noted early in Maglemose settlement
bone assemblages (Friis Johanssen et al. 1919, p. 262, Bille
Henriksen et al. 1976, p. 137). The detailed quantification
of fragments and skeletal elements emphasize not only the
abundance, but the over-representation of these bones at
Mullerup. This might also be the case at other classical
Maglemose settlements whereas metapodials are missing

from kill-sites or butchering sites, such as Skottemarke and
Favrbo (Mehl 1978) and Lundby Mose (Maller Hansen
2003, Mpller Hansen et al. 2004, 2006, Leduc 2010b).
These latter sites, assigned to the very Early Maglemose
culture, are older than the Maglemose settlement sites, for
which such contemporaneous specialized sites, yielding
preserved faunal remains, are unknown. It is thus not pos-
sible to establish clear contemporaneous links between
sites where metapodials are missing and sites where they
are over-represented. But, looking at the Maglemose cul-
ture as a whole, in Denmark, it can be concluded that cervid
metapodials must have received particular treatment by
means of selection, transport (import and export), storage,
‘débitage’, and manufacturing (mainly bone points). This
may also be the case, but to a lesser extent, for aurochs
metapodials and wild boar tusks, which could also have
been transported as finished pieces.

The circulation of such resources, between sites with
different  functions implies fragmented ‘chaines
opératoires’ of exploitation, in different places, at kill-
site/butchering sites and settlement sites, i.e., a disconnec-
tion in time and space of processing sequences, integrated
in Maglemosian mobility, at local and regional scales.
Unfortunately, data concerning the mobility of these
early Mesolithic hunting societies are rare, and only
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small summer settlement sites, with faunal remains, are
known in Zealand. The chronological gap between the
earliest kill/butchering sites during the Late Preboreal/
Early Boreal period and the classical settlement sites dur-
ing Boreal and Early Atlantic period and the absence of
winter sites prevent detailed reconstruction of the annual
cycle of occupation and the Maglemose mobility pattern.
But considering these few elements, probable mobility of
small (family) groups (Gren 1995), in a relative restricted
area or with repeated seasonal occupations of the same
areas, can be proposed. This was, for instance, discussed
after the discovery and analysis of healed hunting injuries
on some mammal bones (Noe Nygaard 1974, 1975, Leduc
in press), suggesting a certain territoriality of animals and
humans, probably at a seasonal level, during this period,
and leading occasionally to the hunting of the same ungu-
late populations. While a kind of residential mobility or
‘foraging system’ (Binford, 1980) can be proposed from
these few elements, the study of the Mullerup faunal
assemblage suggests a more complex system, including
some ‘logistical mobility’ for the acquisition of animal
resources, as evidenced by the broken ‘chaines
opératoires’ of animal exploitation and the circulation of
raw materials. Expeditions for ungulate acquisition do not
necessarily imply long distances since the immediate sur-
roundings of the site offered particularly optimal condi-
tions (lake, forest, marsh) for hunting not only ungulates
but also waterfowl and for fishing.

6. Conclusion

The detailed analysis of the complete bone assemblage
from Mullerup, the bone industry and faunal remains
combined, provides relevant data to reconstruct the
respective contributions of subsistence and ‘technical’
activities relative to animal exploitation, undertaken on
the site. Such analysis, relying on rigorous methodology
(quantification criteria, cut-mark analysis, etc.) and
exhaustive study of all of the faunal remains enables a
global view of animal resource management by the human
groups occupying the site. The subsistence economy relies
mainly on the exploitation of the five main ungulates,
which supplied the most important parts of the diet. The
exploitation of specific raw materials such as antlers,
tusks, metapodials, ribs, or long bones to produce an
abundant and standardized bone tool industry led to varia-
tions in exploitation patterns. Some specific results, in the
first line those concerning the circulation of certain
resources (e.g., metapodials) and their extrapolation to
other Maglemose sites from published data, emphasize
the role of animal resources in Maglemose socioeconomic
organization and suggest that animal exploitation should
be highly linked to the mobility of Maglemose hunter-
gatherers. In addition, animal exploitation seems to be
very standardized at the scale of Maglemose culture, in

Denmark, since the pattern described here seems to exist
at other Maglemose settlements, with a very high predo-
minance of ungulate exploitation, following standardized
patterns for subsistence and the production of material
culture.
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Notes

1. Here, ‘Mullerup’ only refers to the site excavated by G.F.L.
Sarauw in 1900 (Sarauw et al. 1903), also known as
‘Mullerup Syd” (=Mullerup South) or ‘Mullerup Sarauw’s
Island’.

2. According to the recent excavation of the Lundby Mose
site, dated from 9650 to 9270 cal BC, averaged from three
dates published by K. Meller Hansen et al. (2004).

3. Male tusks (lower canines) have been excluded for the
calculation of wild boar sex-ratio (which relies mostly on
female upper and lower canines, male upper canines and
tooth alveolus morphology from maxilla or mandible) since
these pieces are often manufactured or used as tools and
thus, could have been transported to the site as finished
pieces unrelated to the wild boar hunted at Mullerup.
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Southern Scandinavian jade axes have been interpreted as items of prestigious exchange illustrating contact with the
agrarian societies of Central Europe and reflecting agrarian ideas and ideology. They are therefore important in the
discussion concerning the process of neolithisation in Northern Europe, but the difficulties in differentiating between
Neolithic axes of alpine jade from axes imported from other continents has attracted some criticism. Furthermore, some of
the jade axes found in Southern Scandinavian collections originate from private collectors, many of whom had contacts all
over Europe. The axes lack therefore secure archaeological contexts, and may suggest that they have not been found in
Scandinavian soil. The aim of this paper is to maintain a critical approach towards the question of the origin of the jade axes
from Southern Scandinavia. However, the many imitations of jade axes produced in local raw materials clearly indicate the
importance of this artefact group within the Mesolithic and Neolithic transition in Southern Scandinavia.
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Introduction

Until Klassen’s (2004) paper, jade axes played an anon-
ymous role in the discussion of the neolithisation process,
but they are now seen as having a key role as items of
prestigious exchange between agrarian societies in Central
Europe. They can also be seen as reflecting the advent of
agrarian ideas and ideology within hunter—gatherer and
early farming societies in Southern Scandinavia during
the Mesolithic and Neolithic transition. For many years,
it was believed that Danish jade axes came from former
European colonies and is one of the main reasons why
some jade axes were found in ethnographic collections. At
least one jade axe (ODIg 53, Klassen 2004, p. 88) was
‘rediscovered’ in the ethnographic collection of the Danish
National Museum. It was believed to have originated from
one of the Caribbean islands. Another axe from Lolland or
Falster (Figure 1, LFS3527, Klassen 2004, p. 88) was
believed to have originated in Asia.

The unknown quarries

The ‘ethnographic’ interpretation of these axes was due to
jade quarries being unknown in Europe until Pierre and
Anne-Marie Pétrequin found jadeite quarries in the Italian
Alps and the northern Apennines (Pétrequin et al. 2012a).
Based on petrographic studies it was concluded that the
two above mentioned jade axes from Denmark (ODIg 53

and LFS3527) were made of jadeite procured at Mount
Beigua. Another two axes from Denmark (OBM A258,
Klassen 2004, p. 84 and private collection, Klassen 2004,
p- 85) were made of jade from Mount Viso (Amico 2012,
p. 439). The European jade project also suggested a typo-
logical classification of the jade axes, based on axes found
in dated contexts. The dominant jade axe in Southern
Scandinavia belongs to the Durrington type, which is
almond shaped, with a pointed oval cross section.

A questionable context

According to Klassen’s Jade und Kupfer book from
2004, a total of 13 jade axes are accepted as imported
to Southern Scandinavia during the Stone Age. It was
possible to determine a parish or region for 10 of the jade
axes (Klassen 2004, p. 427: finds list 9. No. 1, 2, 5, 6, 7,
8, 10, 11, 12 and 13). The remaining three of the 13 jade
axes are from private collections and are without any
kind of information about their origin. They can be
regarded as stray finds with an unsecure context. These
three axes (Klassen 2004, p. 427: find list 9. No. 3, 4, 9)
could have been exchanged and traded by antique deal-
ers, who had contacts all over Europe, during the nine-
teenth and twentieth centuries. The context within
Southern Scandinavia of these axes remains an open
question.
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Figure 1. Original and the copy. Jade axe (LFS3527) with rusty
plough marks found on either Lolland or Falster, together with a
pointed butted axe of flint from the same region also with rusty
plough marks. Photo: Lasse Serensen and Jens Lauridsen.

The ethnographic problem

The main problem with all the jade axes is that visually it is
difficult to distinguish between Neolithic axes of alpine
jadeite and imported ethnographic axes from for instance,
the Caribbean islands. Jade axes from the Caribbean islands
display some of the same types, shapes and sizes as the
Neolithic Alpine axes. The jade axes from the various
Caribbean islands probably originate from Central
American jadeite mines, thus indicating an organised long
distance trade network similar to the one suggested for the
Early Neolithic cultures in Europe (Harlow 1993, pp. 9ff,
Harlow et al. 2006, pp. 306ff, Knippenberg 2006, Pétrequin
et al. 2012a). It is therefore important to carry out petro-
graphic studies on the jadeite from Central America in
order to exclude a Caribbean origin of jade axes found in
Europe. In the past, people brought antiquities to Europe
from various colonies in the Caribbean including jade axes
(Randsborg 2001). Denmark was no exception, the Virgin
Islands being a Danish colony from 1672 until 1917.
Petrographic studies of Caribbean jade axes could be
initiated within the ethnographic collection of The
National Museum in Copenhagen (Toftgaard 2013). The
museum has one of the most important collections of jade
axes from the Virgin Islands, acquired from plantation
owner Gustav Nordby, who lived on Saint Croix from
1903 to 1924 (Yde 1947, pp. 29ff). Archaeologist

Figure 2. Detailed photo of the rusty plough marks on the jade
axe from Lolland or Falster. Photo: Lasse Serensen and Jens
Lauridsen.

Gudmund Hatt also brought some jade axes to The
National Museum from Santo Domingo in connection
with his expedition in 1923 (Hatt 1932).

A distinctive feature of the Caribbean axes is their great
width, a characteristic rarely seen among the Alpine jade
types. More importantly, none of the jade axes from the
Caribbean islands investigated in this study show any rusty
plough marks. The significance of this observation is due to
these features being found in a few of the jade axes from
Southern Scandinavia (Figure 2, Klassen 2004: finds list 9.
Nr. 2, 10) and indicates that they have been lying in
European soil during modern agricultural tilling. The fact
that no jade axes have, as yet, been found in Southern
Scandinavia in any archaeological context is problematic
but also rather curious, as other exotic axes, such as the
shoe-last-axes, have been found in connection with several
archaeological excavations.

Imitations of jade axes during the early Neolithic

That jade axes reached Southern Scandinavia during the
Early Neolithic (40003500 cal BC) is supported by the
imitation of these axes (Durrington, Saint Michel, Tumiac
and Chenoise types) in local raw materials such as flint or
diabase (Figure 1). Several pointed butted flint and green-
stone axes in Southern Scandinavia from Early Neolithic
contexts were unused and some are more than 25-cm long.
Seemingly, locally produced axes had a non-utilitarian pur-
pose similar to the Alpine jade axes. Smaller imitations like
the pointed butted axe of flint found in Lisbjerg Skole in pit
A2247, together with Oxie ceramics, could also be inter-
preted as a copy of a jade axe of the Durington type
(Skousen 2008, p. 131). Furthermore, there are a few
examples of pointed butted axes of diabase with an oval
cross section and a perforation through the butt, which also
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points towards a clear jade axe imitation. Some rare exam-
ples of copper flat axes like the ones from Pilegard and
Vester Bedegadegard can also be interpreted as copies of
jade axes (Klassen 2000). However, the imitation of jade
axes into local materials does not necessarily represent a
direct contact with any agrarian societies. It could simply
represent a new hafting method, where the shape was
linked to the shape of jade axes. It is therefore questionable
whether jade axes, together with the local imitations, really
represent the coming of an agrarian society. But, recent
investigations into the radiocarbon dates of new evidence
of agriculture in Southern Scandinavia document the intro-
duction of pointed butted flint axes, domesticated animals
and cereal cultivation during the period of 4000-3700 cal
BC, thus arguing for the synchronous introduction of both
jade axes and agrarian societies.

Flint mines — incoming farmers

The distribution pattern of the jade axes in Northern
Europe could easily be interpreted as a classical down
the line exchange pattern, where limited interaction
between farmers and hunter—gatherers would have
occurred. However, it is more likely that the distribution
of the jade axes reflects an exchange pattern between the
higher ranking societies in Europe, where the ideas and
knowledge of agriculture could spread alongside these
axes. This argument gains weight by investigating distri-
bution of the few jade axes together with the local imita-
tions in flint and other local materials, as they present a
much denser distribution at inland habitation sites on
easily worked arable soils. Generally, there seems to
occur a change in the settlement pattern around 4000—
3800 cal BC, where previously uninhabited inland areas
in regions like the Fallbygden area, the inner part of
Scania, Bornholm and the northern parts of Funen and
Jutland are suddenly settled (Serensen 2012). This settle-
ment change could reflect pioneering farmers settling on
easily worked, arable soils.

Maybe it was not only the ideas which spread alongside
the jade axes, but also actual people who had produced,
seen and owned jade axes? The few '“C dates of charcoal
found in the flint mines at Hov in Northern Jutland and
Soédra Sallerup in Scania suggest systematic flint mining
activities from 4000 cal BC onwards. These Southern
Scandinavian mines produced pointed butted flint axes
and were partly contemporaneous with other flint mines in
Central Europe and Britain (Serensen and Karg 2012).
Deep flint mines were a characteristic feature of the
Central European Michelsberg Culture (4400-3500 cal
BC) and it is possible that this technical knowhow was
introduced in Southern Scandinavia by migrating farmers
from Central Europe. These pioneering farmers could have
brought with them a whole package of the agrarian tech-
nocomplex — including Alpine jade axes.

Concluding remarks

The many imitations of different types of jade axes pro-
duced in local raw materials clearly support the interpreta-
tion that the axes constitute an important artefact group
within the Mesolithic and Neolithic transition in Southern
Scandinavia. It is also clear that jade axes can be inter-
preted as a kind of mediator of agrarian ideology, which
followed the expansion of agrarian societies from Central
to Northern Europe. However, a petrographic study on the
jadeite from Central America is necessary in order to
exclude a Caribbean origin of some of the jade axes
found in Europe.

The potential of finding jade axes within the museum
collections in Southern Scandinavia is still possible. During a
research stay at the Historical Museum in Stockholm, the
author found a potential jade axe from Scania, but unfourtu-
nately without any context and from an unregistred antique
collection. A greater surprise, also from the Historical
Museum, was a thin adze of a non-local, green stone material

Figure 3. Adze of a non-local green stone material from Véxjo
in Smaland. Stockholms Historiska Museum (SHM 12628).
Photo: Lasse Serensen and Jens Lauridsen.
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from Vixjo in Smaland (Figure 3) and of very similar mate-
rial and shape to an adze of nephrite from Hallwillersee in
Switzerland (Pétrequin et al. 2012b, p. 193). Petrographic
studies are necessary to clarify the exact origin of the mate-
rial used for the Viaxjo adze. Generally, the number of Alpine
jade axes in Southern Scandinavia are still very few and their
context is still questionable. Hopefully, we will find ‘the
smoking jade axe’ within a secure archaeological context
in the future.
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This short contribution summarises the present state of knowledge regarding axes of Alpine jade in southern Scandinavia.
Origin, age, exchange and importance to Neolithic societies in the North are discussed and it is argued that several of the
axes were genuinely deposited in southern Scandinavia during the Neolithic. These axes therefore represent Neolithic trans-
European exchange. It is furthermore argued that the place of origin and circumstances of extraction of the jade itself, could
have given rise to specific ritual behavior related to the life and deposition of the axes.
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With one exception, axes of Alpine jade were not recog-
nised in southern Scandinavia before the late 1990’s
(Klassen 1999). Since then the number of registered (cer-
tain or possible) artefacts found in northern Germany,
Denmark and southern Sweden has risen to approximately
30 pieces. The exact number is difficult to establish due to
uncertainties regarding the find location as well the lack of
scientific investigations of the raw material for a number
of them.

The term ‘Alpine jade’ is used here to denote a num-
ber of different types of rock (jadeitite, eclogite, ompha-
citite and also some types of amphibolite) which were
used for axe production in the western Alps between the
end of the sixth and the first half of the third millennium
BC. The sources of the raw materials and their Neolithic
quarries have been located at Mont Viso (Piemonte, north-
ern Italy) and to a lesser degree at Mont Beigua (Liguria,
northern Italy).

All the axes have a more or less pronounced pointed
butt and an oval cross-section, except a few pieces with a
rectangular cross-section (Figure 1; rectangular cross-sec-
tion: type Puy). The colours range from very dark green
(almost black) to very light, pale green. Around half of the
finds are comparatively small with lengths of between 5.7
and 13.5 cm, while the other half measure between 13.5
and 36 cm.

Six of the finds are from Schleswig-Holstein in north-
ern Germany, twenty-two are certainly or probably from
Denmark and two are possibly from Scania (Figure 2). All
the northern German finds have precise and reliable find
location information, while this is only the case for around
half of the Danish and Swedish finds. Many of these are in
private collections. The overall distribution appears to be
centred in the eastern parts of southern Scandinavia
between eastern Jutland and Scania.

© The Partnership of the Danish Journal of Archaeology 2012

Approximately two-thirds of all the known finds (with
and without reliable find location information) belong to a
single type, the Durrington drop-shaped type (Figure 1.3-
5, 7). On a European scale, the distribution map of the
Durrington type shows that the exchange runs from the
Alps, through the valleys of Rhone and Rhine to the
present day Netherlands and from there, across north-
western Germany towards Schleswig-Holstein and eastern
Denmark (Figure 3).

A number of local imitations of flint, copper and
greenstone also testify to the presence of these artefacts
in prehistoric Scandinavia (Klassen 2010). Due to these
imitations, it is possible to substantiate that the Alpine
axes in southern Scandinavia must be dated to the Early
Neolithic and not to the Late Mesolithic as initially
thought. Some of them might have been introduced by
immigrating groups of farmers at the time of neolithisa-
tion, as is discussed in relation to the English and Scottish
Alpine axes. At this point in time, these axes would
already have been very old. In one case, it is possible to
demonstrate that an axe type that went out of production
in the Alps around 4500 BC, was imitated in Denmark as
late as in the late Early Neolithic (EN II), when the Alpine
axes had been in circulation for at least 1000 years
(Klassen 2010).

None of the known finds have any recorded find con-
text. This is almost certainly not just resulting from the
lack of reliable find location information, but also reflect-
ing the fact that the axes were generally not deposited in
graves (with a few notable exceptions) or ‘lost’ in settle-
ments. On the contrary, the European evidence suggests
that we are dealing with sacred objects that belonged to
supernatural powers and therefore could not be owned by
men. They were probably exchanged between elites across
Europe and deposited at specific sites of ritual significance
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Figure 1. Axes of Alpine jade from Denmark and Scania. 1, 2 Zealand, unknown find location; 3 Hejsgard, Tulstrup parish, eastern
Jutland; 4 Denmark, find location unknown; 5 Lolland-Falster, find location unknown; 6 possibly South Funen, find location unknown; 7
possibly south-western Scania, find location unknown. 1,2,6,7 are jadeitite; 3 and 6 are eclogite (?); 4 is amphibolite (?); 1 Chelles repolie
type; 2 and 6 Puy type; 3—5 and 7 Durrington type. Scale in cm. Photos: Aarhus University, Department of Culture and Society,
Department of Photo and Media, Moesgard. Plate assembled by Louise Hilmar, Moesgard Museum.

Figure 2. Distribution of axes of Alpine material in Denmark, southern Sweden and northern Germany. Areas south of the Elbe River
have not been not mapped. Filled squares indicate precise find location information is available, open squares indicate no precise find
location information available, approximate location indicated. Map: Lutz Klassen.
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Figure 3. The distribution of Alpine axes of type Durrington in Europe. Only axes larger than 13.5 cm have been mapped. Large axes
of Alpine material of other types are indicated by open symbols. The origin of the axes at Mont Viso and Mont Beigua in northern Italy is
indicated. Map: Project JADE, Pierre Pétrequin (dir.), E. Gauthier, J. Desmeulles.

in the landscape on special occasions. The fact that at least these objects must have had for the Early Neolithic socie-
two locally made imitations of Alpine axes from Denmark ties in southern Scandinavia.
are of copper, which itself had to be imported from the Being true objects of power, specific ritual beliefs were

north Alpine region, testifies to the enormous importance intimately tied to the axes of Alpine jade and circulated
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along with the axes throughout Europe. Several of these
beliefs certainly derive from the source of the raw material
itself. This is indicated by a large number of ethnographical
observations, including in the quarries of New Guinea,
which indicate that Mont Viso is likely to have been con-
sidered a holy mountain by the Neolithic groups exploiting
its jade resources. Other beliefs were probably attached to
the axes during the life history of the objects. Specific rites
of ritual deposition well known from southern
Scandinavian flint axes (deposition in wet places, in cracks
in large rocks, in vertical position edge facing upwards,
both singly or in groups and sometimes forming circles)
can be observed in jade axe depositions throughout Europe
in the fifth millennium BC and must be assumed to have
spread to Scandinavia with the jade axes. As demonstrated
by depositions of flint axes in the Single Grave Culture that
followed the same rules, the beliefs maintained their impor-
tance for up to 2000 years. Finds such as that from Bjurselet
in northern Sweden (a large number of axes pushed verti-
cally into the ground and arranged in a circle) demonstrate
that the specific ideas that entered southern Scandinavia
with the axes of Alpine jade spread much further north in
the course of time.

In the mid-fifth millennium BC, large numbers of axes
of Alpine jade were re-shaped into new types in the
Morbihan-area on the south coast of Brittany. They were
an essential part of a new religious universe created by a
few extraordinary persons, who were buried in proto-mega-
lithic graves together with large numbers of burnt jade axes.
Few of the re-shaped axes, which must have been truly
extraordinary objects, left the region again. While none of
these have yet been found in southern Scandinavia, local
imitations still attest to their presence in this region. The rite

of burning (flint) axes, as well as possibly the idea of the
burial in stone chambers, probably reached southern
Scandinavia with Carnac-type axes in the first half of the
fourth millennium BC (Klassen et al. 2011).

Due to a grant by the French National Research
Agency (ANR) to the JADE 2 project, it will be possible
to continue research into the Scandinavian axes of Alpine
jade in the coming years
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This article presents the typological and chronological relationship between information derived from the central find
locations for alpine jade axes around the area of Mount Viso, and the examples found elsewhere in Europe. Furthermore, by
making comparisons between the composition of the hoards of alpine axes found in northwestern Europe to those located in
southern Scandinavian, it is argued that the Scandinavian examples presumably reached the area via secondary centres of

distribution.
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Denmark, and especially the island of Zealand, represents
the northern border of the distribution of large axes of alpine
jade. The two most famous finds (Fischer 1880; see contri-
bution L. Klassen, this volume, Figure 1.1-2) have been
subjected to analysis with reflectance spectroscopy
(Pétrequin et al. 2012, pp. 440-532). The results leave no
doubt about their origin in the quarries at Mont Viso in the
Italian Alps, ata distance of 1200 km as the crow flies. Based
on macroscopic comparison with an extensive reference
collection, the same origin can be assumed for the remaining
eight large axes from Denmark (Pétrequin et al. 2012, pp.
292-419). However, many of these axes lack information on
their find location, which has lead some researchers to doubt
whether these objects really represent trans-European
exchange in the Neolithic. Instead, they are proposed to be
recently acquired collector’s items.

The Danish axes belong to well-defined types and this
question can, therefore, be addressed by placing them in
their European chronological, typological and spatial con-
text. In the hoard from the island of Zealand (Hessisches
Landesmuseum Kassel), an axe of the Puy type (23.7 cm) is
associated with an axe of the Chelles type (36 cm, with
traces of cutting). Also considered are one further axe of the
Puy type (no find location information, private collection,
18.4 cm (fragment)), see Klassen (this volume) Figure 1.6)
and a further two Danish axes belonging to the Bégude type
(1. Haraldsted: National Museum Copenhagen, 20.5 cm,
and 2. probably Magleby, Zealand: Moesgard Museum,
18.7 cm). The most frequent is the Durrington type with
five examples (1. southern Jutland: private collection,
12.7 cm, 2. Hyllested, Zealand: National Museum
Copenhagen, 12.8 cm, 3. Lolland-Falster (?), Lolland-
Falsters Stiftsmuseum Maribo, 17.2 cm (see Klassen (this

volume), Figure 1.5), 4. no find location information:
Horsens Museum, 15.1 cm (see Klassen (this volume)
Figure 1.4) and 5. no find location information, Besangon,
17.3 cm). The following picture emerges when we return to
Mont Viso in the Alps and look at the chronology and
distribution of these axe types (Pétrequin et al. 2012, pp.
574-727, 623, Figure 49):

The production of large jade axes begins at the end of
the 6th millennium BC. At the beginning of the S5th
millennium BC, the most common type in northern Italy
was the Bégude type (torpedo-shaped with round cutting
edge). It reached southern France and the Morbihan,
where it was associated with the oldest of the giant tumuli
in the Carnac region, shortly before the mid-5th millen-
nium BC.

From 4500 BC onwards, new types dominated the
exchange towards the north-west: the Altenstadt type
(large, flat, symmetrical and triangular in shape) and the
Durrington type (somewhat thicker water drop-shaped
axes, see Klassen (this volume), Figure 1.3-5 and 7). At
this point in time, a ‘Europe of jade’, as opposed to a
‘Europe of copper and gold’, emerges and England,
Scotland and Germany are included in the distribution
area of jade axes.

In northern Italy, the Puy type (compact axes with
rectangular cross section and sub-rectangular cutting
edge, see Klassen (this volume) Figures 1.2 and 6) dis-
places the earlier types after 4300 BC. Oversized axes of
this type seem to appear in southern France and Germany
at the turn of the 5th to the 4th millennium BC and replace
the Altenstadt axes.

Until now, we have been concerned by exchanges from
the production centre, the Mont Viso and to a lesser degree,

*Email: Archeo.Petrequin@free.fr
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the Mont Beigua, towards the periphery of Western Europe.
But there were also secondary centres of redistribution where
the alpine types were modified by repolishing in order to
obtain thinner axes of new, original shapes. The secondary
preparation of the axes appears in the Paris Basin, but primar-
ily in the Gulf of Morbihan, which attracted the largest axes of
jadeitite. Here the axes were repolished in order to obtain the
so-called Carnac-type axes. Some of the Carnac-type axes
have subsequently been re-injected into circulation, as were
other older, repolished axes (fex. re-polished axes of the
Bégude type). These axes reached the Atlantic coast of
Portugal, as well as the centre of the European continent in
Switzerland and, additionally, many parts of Germany, where
their circulation is connected to the appearance of the first
menhirs and stelae in the second half of the 5th millennium
BC (Pétrequin et al. 2012, pp. 1015-1045).

In this context, the Danish jade axes raise some serious
problems as the Bégude type, the oldest type, is represented
by two pieces. It is difficult to imagine that these have arrived
in Scandinavia in the mid-5th millennium BC without inter-
mediary points of diffusion. Furthermore, the Durrington
type is normally associated with the Altenstadt type but in
Denmark this is not the case. Therefore, from an alpine point
of view, the association of the types observed in Denmark
neither equates to that of northern Italy nor, more regionally,
to that of north-western Europe. This observation could lend
support to the theory that Alpine jade axes never circulated as
far as southern Scandinavia.

However, the matter is more complicated. The compo-
sition of the hoard of two large axes of jadeite from
Zealand does, in fact, conform completely with other
hoards from western Europe at the transition from the
5th to the 4th millennium BC. Furthermore, in a second
peripheral region of Europe, the Netherlands, an associa-
tion of ‘old’ axes of the Durrington type with that of
‘young’ axes of the Puy type also can be observed. Here
the Altenstadt type, which is very frequent in Germany, is
very rare. Another factor is the European distribution of
the Durrington type (Klassen (this volume) Figure 3)
which allows us to identify an exchange between the
northern Paris Basin and the southern part of Denmark

on a path west and north of the distribution of the
Altenstadt axes in Germany.

The impression is therefore, that most of the axes of
alpine jade known from Denmark reached the region
from secondary centres of distribution, like the Paris
Basin, without any direct connection to the areas of
large concentrations of jade axes at the end of the 5th
millennium BC (as f.ex. Germany or Great Britain). The
influence of the Morbihan and the axes of Carnac type
are without any doubt present in Denmark as attested by
imitations made of local types of rock and flint (Klassen
et al. 2011).

In other words, if the axes known from Denmark were
no more than recent acquisitions from the antiquities mar-
ket, the represented types certainly would have been domi-
nated by those that are most frequent in Europe
(Altenstadt, Puy). This obviously is not the case.

It is not possible, within this short contribution, to
comment on the context of circulation of alpine jade
axes and the values attributed to these exceptional objects,
which are dominated by religious concepts and social
functions. The reader is referred to the recent monograph
covering this topic (Pétrequin et al. 2012).
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Bornholm is a Danish island almost in the center of the southern Baltic Sea. The strategic location of the island, its rich
archeology, and its complex geology make it an intriguing location for the isotopic study of past human mobility. The focus
of this study is on the large cemetery of Ndr. Gradbygérd in the southern part of the island, which dates to the eleventh
century AD and contains 553 individuals in 516 graves. The majority of the burials were in a supine position oriented west—
east, with the heads to the west, following the tradition of that time. In contrast to the Christian traditions, however, the
graves at Gredbygéard were richly equipped by Scandinavian standards and some of the burial practices more closely
resembled those from the Western Slavic region of the south (present day northeastern Germany and Poland). We have used
isotopic analyses to examine the external relations and potential places of origin of the inhabitants of the cemetery.
Strontium and oxygen isotope ratios in human tooth enamel provide a signature of place of origin and can be compared
to the ratios of the place of burial to determine local or non-local origins. In the case of Bornholm, the local geology is quite
complex, with a variety of rocks of different age and composition, resulting in a wide range of strontium isotope sources on
the island, complicating the issue of identifying migrants. At the same time, Gradbygard provides an important example of
the application of such methods in less than ideal conditions.

Keywords: strontium isotopes; oxygen isotopes; carbon isotopes; migration; archeology; Baltic Sea; bioavailable;

bioarcheology; human remains

Late Viking Age/Medieval Bornholm

Bornholm is a small island in the Baltic Sea (Figure 1). It
is the easternmost island of Denmark, located to the south
of Sweden and north of Poland. The island is roughly
trapezoidal in shape with dimensions of approximately
25 km east-west, 30 km north-south. Bornholm is
587 km? in area and has a coastline of roughly 140 km
in length. The population today is slightly more than
42,000 people. The closest landfall is the southern tip of
Sweden, 38 km to the northwest. The capital of Denmark,
Copenhagen, lies 150 km to the west. The coasts of
Kaliningrad, Lithuania, and Latvia lie further to the east.
The topography of the island consists of dramatic rock
formations in the north, sloping down towards pine and
deciduous forests and farmland in the center, and sandy
beaches to the south. Most of the northern three-quarters
of the island is a plateau, composed of Precambrian mag-
matic and metamorphic rocks, with elevations above
100 m. The castle ruins of Hammershus on the north-
western tip of the island are those of one of the largest

medieval fortresses in northern Europe, testimony to the
importance of the island’s strategic location.

In the Viking Age and in the Middle Ages, Bornholm’s
position on the sea lanes connecting Scandinavia with the
southern and eastern coasts of the Baltic made the island a
well-known place to the merchants, sailors, and travelers.
The eleventh-century German chronicler, Adam of Bremen,
noted that the island was ‘the most celebrated port of
Denmark and a safe anchorage for the ships that are usually
dispatched to the barbarians and to Greece’ (Adam of
Bremen, Book 4, p. 16).

In the light of archeological sources, Bornholm
appears as not only a convenient stop on Baltic Sea routes,
but also a place involved in the contemporary political and
economic activities of the region. The overseas contacts of
the Bornholmers, related to trade, warfare, or migration,
seem to be extensive. The evidence from a large number
of English coins issued at specific mints found in the silver
hoards on the island points toward Bornholmers’ partici-
pation in the Viking raids on England (Von Heijne 2004,
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pp- 134-135, Ingvardson 2012). Numismatic sources
(numerous hoards and single coins found in the context
of settlement sites) also indicate close trade connections
with the Saxons and Slavs along the southwestern coasts
of the Baltic (Watt 1988, Von Hejine 2004, p.24).

The runic scribes working on the island in the eleventh
century used styles characteristic of central-Swedish runic
art, perhaps indicating direct personal contacts with pro-
vinces of Vastmanland and Uppland. Other archeological
sources from the island point to the eleventh century
immigration of people from the Slavic-speaking areas
south of the Baltic Sea (Naum 2008). To add to this
picture of complex interactions to the north, west, and
south, one also has to consider the eastern orientation of
Bornholmers’ travels and interests, although these are
more difficult to document from the archeological and
historical record.

Despite extensive travel to and from the island and its
strategic position, contemporary writers had very little to
say about Bornholm. One of the earliest pieces of informa-
tion comes from Wulfstan, a traveler who was sent by king
Alfred the Great around the year 880 to explore the Baltic
Sea. Wulfstan describing his journey from Hedeby to Truso
notes that Bornholm, or Burgenda-land, as he calls the
island, had a king of its own. Wulfstan’s remark about the
island’s self-rule, as well as the longevity of Bornholm’s
independence, continues to ignite debates among archaeol-
ogists and historians (e.g., Randsborg 1980, p.163, Nielsen
1998, Lihammer 2007, pp. 261-262).

Another interesting historical reference regarding
Bornholm’s position and political status comes from the
pages of Gesta Hammaburgensis Ecclesiae Pontificum,
written by Adam of Bremen. In his description of the
island, he describes the official conversion of the island
to Christianity, which, according to the author, happened

Bornholm and its neighbors in the southern Baltic Sea.

in the 1060s. In Adam’s words, Egino, the Archbishop of
Lund, won the islanders to Christ, moving them to tears
with his preaching and he made them destroy their idols
and recognize their errors, which they did immediately
and without hesitation (Adam of Bremen, Book 4, p. 8).
Although this description might be rhetorical exaggera-
tion, Adam’s words nonetheless are an important indica-
tion that at least from the second half of the eleventh
century the process of strengthening ties with the Danish
kingdom and the institutionalization of the Church had
begun on the island. Adam, who spent some time in
Denmark as a guest of the king Sven Estridsen (ruling
between 1047 and 1074) had first-hand knowledge of
these events.

The cemetery of Ndr. Gredbygard

More helpful information for understanding Viking and
medieval Bornholm comes from archeology. Some of the
most exciting excavations in the years have involved three
cemeteries dated to the end of the Viking Age and the early
Middle Ages (AD 900-1100), in the southern part of
Bornholm (Watt 1985, Wagnkilde and Pind 1996,
Wagnkilde 1999, 2000, 2001, Naum 2008, pp.179-253,
2009). The discoveries made at Runegérd, a small burial
ground most likely used by a single extended family, and
the excavations at the much bigger, communal cemeteries
of Ndr. Gredbygéard and Munkegérd provide clues about
the process of Christianization on the island, and the poten-
tial tensions that was created (Naum 2007). Moreover, the
evidence reveals the particular character of eleventh century
burial customs on the island, and invites interpretations
about possible immigration to the island.

The cemetery at Ndr. Gredbygéard warrants particular
attention. It is the largest totally excavated early medieval
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Figure 2. The cemetery at Ndr. Gredbygard The two large
shaded areas represent structures at the site predating the ceme-
tery. The graves with dark fill were sampled for strontium isotope
analysis. The dark isolated grave in the left center of the plan has
the highest strontium isotope ratio of the sampled individuals.

burial site on Bornholm. The cemetery is located in Aaker
parish in the southern half of the island not far from the
coast. Approximately, 553 individuals were buried there in
516 graves covering an area of 2275 m* (Figure 2). The
cemetery was excavated between 1986 and 1993
(Wagnkilde and Pind 1996, Wagnkilde 1999, 2000,
2001) and has been dated to the eleventh century (ca.
AD 991-1074?7) AD by coins and other objects in the
graves. A total of 123 coins were found in 61 graves
with dates from AD 985-1074.

Although no archeological traces of a church were
found, it is likely that such a structure was originally
present at the site. Other features of the cemetery also
point to a Christian tradition of burial. Similar to other
medieval cemeteries in Scandinavia, Ndr. Gredbygérd was
a row-grave burial ground, divided into two zones — a
northern female zone and a southern male one. Children’s
graves were found in both zones and a few were grouped
in the central part of the cemetery in the liminal space
between the female and the male graves.

In spite of the large number of burials in the cemetery,
the preservation of human skeletal remains was very poor
and relatively little anthropological information is avail-
able. In most cases only the teeth, some parts of the skulls
and very few other bone fragments remained. Tooth
enamel is largely composed of the mineral apatite, an
inorganic material, and is the most durable tissue in the
skeleton. Most information regarding the individuals in
the cemetery is the result of the odontological study by
Torben Pind (Wagnkilde and Pind 1996, Wagnkilde 2000).

Sex and age determinations for the population from
Ndr. Gredbygérd are based largely on the protuberant

aspects of the badly damaged skulls such as occipital,
frontal, temporal, and mastoid parts. In the material, sex
could be determined for only 254 of the 553 skeletons,
with 56% males and 44% females. It is rather usual to find
more male than female skeletons in a medieval cemetery,
and again poorer preservation at Ndr. Gredbygard of the
more fragile female remains may be a factor.

It was possible to estimate the age of only 82% of the
individuals recorded in the cemetery. Of those, 167 indi-
viduals (15%) were non-adults and 386 were adults. Some
of the burials were without any physical remains, but the
length of the grave could be used to suggest an adult or a
non-adult context. As commonly seen in medieval ceme-
teries, only very few individuals belonged to the oldest
group, senilis, more than 45 years of age. The small
percentage of non-adults is certainly not representative of
the actual number of children and young people in the
population at Ndr. Gredbygard, and may be a function of
the very poor conditions of preservation. In some other
medieval burial populations, up to or more than 50% of
the non-adults have been reported, a number which is
actually recorded in some of the first church registries in
the Aaker Parish at Bornholm during the seventeenth
century (Vensild 1996). At other known medieval ceme-
teries, the average age of women was somewhat lower
than the average age of men. The calculation of average
age is usually rather inaccurate, but of those who reached
adulthood, 18-20 years, most had less than 20 years left to
live.

Based on the number of burials, the age distribution in
the cemetery, and the length of cemetery use, this church-
yard might have served a once-living population of some
300 individuals or 20-25 farms (Wagnkilde 1999). Most
of them seem to be local, but some of the interred may
also have come from other parts of Bornholm, or indeed
abroad. The majority of the burials were oriented west—
east, with the heads to the west and most were placed in a
supine position, reflecting the Christian ideas of prepara-
tion for resurrection and a readiness to see Christ appear-
ing in the east. The custom of placing the deceased in
coffins was fairly common and appeared in more than half
of the burials. In some cases arrangement of the bones
could suggest that the dead person was wrapped in a
shroud. The uniformity of the graves and the presence of
iron pins and buckles in a number of the graves, likely
used to hold the shroud together, suggest that wrapping of
the body was a common feature of burial at Ndr.
Grodbygérd.

Ndr. Gredbygard is distinct from Danish or Scanian
eleventh century cemeteries (although consistent with
other contemporary burial grounds on Bornholm) in the
custom of burying the deceased equipped with jewelry and
common tools. More than half of the graves (about 63%)
contained elements of dress such as jewelry, metal parts of
garments, simple tools, and everyday objects (knives,
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Figure 3. Grave 210 at Ndr. Gredbygard.

whetstones, sewing needles, and less often spindle whorls
and tweezers, pottery) and other grave gifts (Figure 3).

Other traces of rituals, like food preparation and con-
sumption, associated with funerals and commemoration of
the dead, were also observed. These took the form of burnt
animal bones in the fill of the graves, in cooking, and
other pits recognized in the cemetery area, that were filled
with burnt organic material and with potsherds. While
some of these are of earlier date, others were contempor-
ary with the burials, as indicated by the finds of potsherds
of Baltic ware produced on the island between the ele-
venth and the thirteenth century AD.

Another interesting feature at Ndr. Gradbygard is the
stratigraphic superpositioning of the burials, and the
occurrence of clusters of graves with the interred provided
with similar sets of objects (Naum 2008, pp. 235-242).
While the overlapping of graves is not unusual in the
context of medieval cemeteries and is frequently observed
at crowded town churchyards, it is less common at rural
graveyards. In case of Ndr. Gredbygérd, the fact that some
of the individuals buried close to one other were given
similar objects and buried in a similar manner may indi-
cate that at least some of these clusters represent family
groupings.

eBead oCoin == Knife o Silver brooch
o Bronze finger ring  * Iron nail

Figure 4. Grave Cluster 426-429, 443, at Ndr. Gredbygérd.

One such cluster was made up of five female graves
located in the central part of the northern zone of the
cemetery (graves 426429, 443). In the three overlapping
graves, the women were given almost the exact same
grave goods, consisting of beaded necklaces including
the same type of silver beads in two graves, knives (one
in a mounted sheath), and coins (Figure 4). In another
group of graves 613, 617, 618, 619, and 621, the adult
women (613, 617, 618, and 619) were wearing beaded
necklaces (beads were found underneath their chins).
Three of them were buried with brooches for fastening
clothing and three of them were given knives. Two of
these women, buried last in this group, were also given
iron needles, which in the case of the woman interred in
grave 613 was placed inside her mouth.

Yet, another distinct cluster of four burials was
observed in the western part of the cemetery, cutting
through the remains of an older house, and spatially iso-
lated from other interments. Burials in this grouping (77,
78a, 78b, 219) lay very close to one other. Two of them
involved the stratigraphically older burial of an adult (78b)
beneath the largely destroyed burial of a 11-12 year-old
child (78a); the child had been put in a coffin and buried
on top of the adult. The graves of these two individuals
were lined up and covered with stone slabs, suggesting
perhaps that the buried individuals might have been mem-
bers of the founding family of the church (?) or cemetery
or considered as different by the community using the
cemetery due to some other factors. The only object
found in these burials was an iron knife placed under the
left arm of the person in grave 78b. Some contemporary
potsherds were found in the soil covering graves 219 and
78a (Figure 5).
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Ndr. Gredbygard and external connections

Towards the beginning of the twelfth century AD, most of
the churchyards in southern Scandinavia, particularly
those associated with urban centers, show a uniform pat-
tern of burial in which the dead were swaddled and
placed in wooden coffins without clothing, goods, or
gifts (Kieffer-Olsen 1997). Against this background,
Bornholm’s early medieval cemeteries (ca 1000—1100
AD), including Ndr. Gredbygard, appear unusual. The
material evidence of rituals and norms of practice required
to complete a proper funeral might be a reflection of a
lingering continuation of pre-Christian ideas about dying,
death, and afterlife. Such a blend of Christian practices
(the use of coffins, the orientation of the graves, the
existence of separate female and male zones) with pre-
Christian traditions (the deposition of tools, vessels with
food, and perhaps commemorative feasts) may be due to
the relatively recent arrival of Christianity on the island or
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Upper and lower excavation levels of the graves 77, 78a, and 78b.

a relatively weak impact of missionary efforts in this place
(Naum 2007).

Material remains of ritualized practices at the Ndr.
Grodbygérd cemetery raise attention for yet another rea-
son. Not only are the graves richly equipped by contem-
porary Scandinavian standards, but the sets of objects and
the way they were treated and placed in some of the
graves resemble the funerary customs in the eleventh
century Western Slavic region in modern northeast
Germany and Poland (Naum 2004, 2008, 2009). The
most visible elements of foreign culture are the amulets
and female jewelry. A number of burials located in the
female zone had head ornaments of beads (made of silver
and other materials). Their use as head ornaments is sup-
ported by the fact that they were found by the ears and
temples of the interred or collected during the excavation
of the crania. Similar beads in the form of a necklace were
also found under the mandible in other graves.
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The custom of wearing head decoration in the form of
a headband or a scarf with attached rings or sewn-on
beads is regarded as Slavic, and does not seem to have
been practiced in the Viking Age/Medieval Scandinavia.
Most of the silver beads found at Ndr. Gredbygérd (inter-
preted as parts of the head ornaments or located in differ-
ent parts of the body/grave) came from earrings or beaded
necklaces produced by Slavic silversmiths.

Other pieces of jewelry that are connected with the
Slavic practice of body decoration include temple rings
(i.e., thin rings attached to a headband or scarf, found in
two separate graves) and a tabular amulet, the so-called
kaptorga. Besides female jewelry, knives in bronze-
mounted sheaths and a particular way of depositing pot-
tery, namely the custom of breaking a pot into sherds and
placing a single sherd or a selection of pieces next to the
body, seem closer to Slavic practices than Scandinavian
ones (Naum 2008, pp. 190-196, 227-232). These objects
and practices were observed in about 16% of Ndr.
Gradbygard burials (Figure 6).

The possibility of Slavs buried at the Ndr. Gredbygard
cemetery gains credence when considered in the context
of other archeological sources from the island. In the
eleventh century AD, there was a dramatic change in the
technology and style of pottery production in Bornholm.

The local hand-made, undecorated, and rather uniform
pottery was replaced by ceramics made on a turning
table, decorated with incised designs, and produced in a
variety of new forms (Watt 1988, Nielsen 1998, Naum
2008, pp. 85-146, 2012). The new style of pottery, the so-
called Baltic ware, was inspired by the late medieval
Slavic ceramic production. Its swift adoption and simila-
rities with Slavic pottery, as well as lack of evidence for
experimentation with the new technology and style prior
to its widespread production, suggests that it was made by
the Slavic potters.

Migration is also possible in the light of contempor-
ary political events around the Baltic Sea. From the early
tenth century AD until the end of the twelfth century
AD, the Slavic groups occupying the coastal zone of the
Baltic Sea (the Obodriti, Veleti/Liutizi and Pomeranian
tribes) were drawn into a struggle for independence and
survival against their ambitious and expansive neighbors
in the German and Polish kingdoms. Harsh economic
and political conditions forced many of them into exile.
Considering the trading activities that connected

Bornholm with the southern coast of the Baltic it is
possible that these previously established contact net-
works and routes were utilized by the refugees in their
flight.

Figure 6. Some of the finds associated with Slavic workshops and funerary practices found in Ndr. Gradbygard graves: (A) remains of
a tabular amulet (kaptorga) and a silver bead from grave 28; (B) Baltic ware pot and bronze knife sheath mounting from grave 496; (C)
potsherd and fragment of a bead from grave 542; (D) knife sheath mounting from grave 243; (E) clover-shaped silver bead from grave
426; and (F) silver bead pendant and bead from the so-called basket shaped earring from grave 627.
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Even though Slavic settlement on the island can be
traced through the archeological finds usually associated
with Slavic culture, the straightforward interpretation of
these artifacts as tokens of Slavic migration to the island
can be problematic. Taking into consideration the mobility
and trading activities of the Bornholmers, their orientation
towards the sea, and their exposure to foreign customs and
material culture, one has to consider that some of these
objects functioned simultaneously in cultural worlds of
both the Slavs and the islanders.

Strontium isotope analysis

Correlation of material culture with the identity of its
makers and tracing human movements unrecorded in his-
torical sources are difficult problems in archeology. In the
recent years, the application of bone chemistry analyses,
especially isotopic studies, has provided a means for
directly assessing the place of origin of human skeletal
remains, and can be used to answer certain questions
concerning migration in the past (e.g., Montgomery
et al. 2003, Price and Gestsdottir 2006, Price et al. 2011,
Montgomery 2010) The application of strontium isotope
analysis to the human skeletal material from the cemetery
at Ndr. Gredbygéard offers a means to evaluate such
questions.

Strontium isotope analysis provides a robust method
for examining human mobility in the past, and in tracing
the first generations of immigrants. The principle is
straightforward. The strontium isotope ratio of *’Sr/*°Sr
varies among different kinds of rocks. Because ®’Sr forms
through a radiogenic process from rubidium-87 over time,
in general, older rocks with more rubidium have a higher
87Sr/%Sr ratio, while younger rocks with less rubidium are
at the opposite end of the range with low ratios. Sediments
reflect the ratio of their parent material.

Strontium moves into humans from rocks and sedi-
ment through the food chain (Sillen and Kavanagh 1982,
Price 1989). Strontium substitutes for calcium in the for-
mation of the human skeleton and is deposited in bone
and tooth enamel. Tooth enamel forms during early child-
hood and remains unchanged through life and commonly
after death. A number of studies have demonstrated the
general robustness of enamel in a variety of burial con-
texts and in the survival of biogenic ratios over time
(Budd et al. 2000, Lee-Thorp and Sponheimer 2003,
Schoeninger et al. 2003). Values in human tooth enamel
that differ from the place of burial usually indicate that the
individual moved from one geological terrain to another
during their lifetime. Analytical methods are described in
detail in several publications (e.g., Sjogren et al. 2009,
Frei and Frei 2011).

An essential question regarding strontium isotope ana-
lysis concerns the local strontium isotope signal for the
larger region in which the cemetery is located. This

baseline information on isotope values across an area
needs to be obtained in order to make useful and reliable
statements about the origin of the human remains under
study (Price ef al. 2002, Frei and Price 2012). There are
two major sources of isotopes for human consumption:
marine and terrestrial. Marine foods everywhere share the
same isotopic value of 0.7092, which is also the value of
seawater (e.g., Vezier 1989).

Terrestrial sources vary according to bedrock and sur-
face sediments. Strontium moves from rocks and sedi-
ments into plants, animals, and human tissue through the
food chain. Although local levels of elemental strontium
in plant and animal tissue vary due to many factors (e.g.,
Burton and Wright 1995, Burton ez al. 1999), the ®’Sr/*¢Sr
value is not changed (fractionated) by biological processes
because of the very small relative mass differences of the
strontium isotopes (Blum et al. 2000, Faure and Mensing
2004). The strontium isotope compositions of plant tissues
and the bones and teeth of animals and humans thus match
to those of the nutritional intake of the individuals, which
in turn is assumed to reflect the strontium isotope compo-
sition of the local geology.

In actual fact, levels of strontium isotopes in human
tissue may vary in local geology for various reasons (Price
et al. 2002). It is necessary to measure bioavailable levels
of ¥”Sr/*®Sr to determine local strontium isotope ratios. In
the following pages we first present a very brief summary
of the geology and strontium isotope sources of the coun-
tries surrounding the western Baltic. We then turn to the
geology of Bornholm as an introduction to sources of
strontium isotopes on the island, followed by a report of
baseline bioavailable ratios. We then report the isotopic
results from Ndr. Gredbygard and their implications for
assessing immigration in the early medieval period on the
island.

Bioavailable strontium isotopic ratios

As part of this study, we have measured various materials
from Bornholm and around the Baltic in order to establish
the range of strontium isotope ratios on the island and in
the possible homeland areas for migrants to Bornholm.
Materials we have analyzed include surface water, modern
owl pellets, modern snails, archeological fauna, and pre-
historic human remains. This research is summarized
briefly here and the results to date are presented to place
Bornholm in the larger context of Baltic strontium isotope
sources.

The baseline strontium mapping of the larger Baltic
area is a long-term project that is still underway. Denmark
is largely completed (Frei and Frei 2011, Frei and Price
2012); there is a good bit of unpublished data from north-
ern Germany, there is a growing body of data from central
and southern Sweden, and we have some samples mea-
sured from Poland and a few from Kaliningrad. The
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available information from these countries and the base-
line data from Bornholm are discussed below.

There is also some published information on the brack-
ish waters of the Baltic Sea. The waters of the Baltic come
from two major drainage regions to the north and to the
south (Aberg and Wickman 1987). To the north, most of
the waters that flow into the Baltic come off the
Precambrian rocks of the Fenno-Scandinavian Shield, and
have generally high strontium isotope ratios (>0.720). To
the south, a large sedimentary basin from northern
Germany to the Neva River near St. Petersburg provides
approximately 55% of the waters to the Baltic, and a much
lower ¥’St/*®Sr signature. Values reported from the Vistula
and Oder average 0.710 (Aberg and Wickman 1987).
Andersson et al. (1992) measured Sr and Nd isotope ratios
in the Baltic to study mixing of waters from river input and
the sea. Strontium isotopic ratios are generally correlated
with salinity in the Baltic waters. Modern *’Sr/**Sr values
for the southern Baltic Sea waters are slightly variable and
are somewhat higher depending on salinity, but usually fall
within the range of 0.7092 and 0.7097.

Denmark

Denmark is characterized by a relatively young (geologi-
cally) and rather homogenous ‘basement’ geology. About
50% of the country is constructed of Late Cretaceous—
Early Tertiary carbonate platforms, the other 50% by
marine clastic sediments, all covered by more or less
thick sequences of diverse glaciogenic sediments depos-
ited during the two last Ice Ages. The Quaternary glacio-
genic sediments are composed, among other things, of
various weathered Precambrian granitoids (gneiss and
granite). Almost everywhere in Denmark, the glacial
deposits are the source of strontium isotopes for plants,
animals, and people. There is very little bedrock exposure
anywhere in the country. Frei and Price (2012) present
strontium isotope ratios from samples of modern mice,
snails, and archeological fauna. The *'Sr/**Sr values for
faunal samples range from 0.70717 to 0.71185, with an
average of 0.70919 (S.D. = 0.0011). These values increase
slightly from west to east, but in general terms the geology
and the strontium isotope ratios in this heavily glaciated
region are largely homogeneous.

Sweden

Sweden’s geology is rather complex, but generally can be
divided into three main components: Precambrian crystal-
line rocks (which are a part of the Baltic or Fennoscandian
Shield and include the oldest rocks found on the European
continent), the remains of a younger sedimentary rock
cover, and the formation of the Caledonides during an
ancient mountain building episode in the Mesozoic era,
ca. 400 mya.

The oldest rocks in Sweden are Archean (> 2,500
million years old), but these only occur in the northern-
most part of the country. Most of the northern and central
parts of Sweden are composed of Precambrian rocks
belonging to the Fennoscandian Shield, an ancient craton
of mantle rock, with generally high strontium isotope ratios.
The Swedish Geological Service has measured *’Sr/*°Sr
across the country and reports very high rock values for
most of this region, generally greater than 0.722. This rock
is covered in places by glacial moraine, but is exposed
intermittently to frequently on the surface. Further to the
south, Phanerozoic sedimentary rocks rest upon the
Precambrian shield. They are less than 545 million years
old, and cover large parts of Skane, the islands of Oland
and Gotland, the Ostgota and Nérke plains, the Vistgota
mountains, the area around Lake Siljan in Dalarna ,and the
areas along the Caledonian front in northern Sweden.

The youngest rocks in Sweden are from the Tertiary,
formed about 55 million years ago. They occur in the most
southerly and southwestern parts of Skane. Quaternary
deposits formed during and after the latest glaciation
(when Sweden was completely covered by an ice sheet)
partially cover this bedrock. Southernmost Sweden is a
glaciated landscape much like the neighboring areas of
Denmark ,and strontium isotope ratios should be similar as
well.

The west coast of Sweden was an area of known
medieval settlement. Isotopic studies there provide
some information on the levels of *’Sr/*°Sr in this region
(Figure 7). As part of a study of inland Neolithic sites in
this area, Sjogren et al. (2009) measured a few samples
of human enamel from the sites in the coastal region.
These samples exhibit substantial variation, although the
sample numbers per site are too small to provide much
information. Specifically, values generally range from
0.711 to 0.714 and probably reflect the local range in
Bohuslén.

We also have some additional data from the southern
and eastern parts of Sweden. From the east coast and
Gotland we have ca. 140 samples, of which 8 are faunal.
We have 10 or more samples from several sites in eastern
Sweden, and the pattern of *’Sr/*°Sr is similar at each site.
There is a high proportion of what appear to be local
values showing a continuous range and then a few sig-
nificantly higher values that very likely represent indivi-
duals from inland areas or much older terrains. The site of
Birka near modern Stockholm was an important Viking
center and the gateway to the east. We have sampled 10
individuals from the cemetery at Birka. These values
range from 0.7103 to 0.7335, with a mean of
0.7174 + 0.0078. These ratios clearly represent a range
of origins but may provide at least a rough estimate of
values in this area. It is clear that the older rocks of the
87S1r/*°Sr Fennoscandian Shield dominate most of Sweden
and play a large role in higher values. Lower values
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Figure 7. Averaged strontium isotope ratios from human and archeological faunal (in parentheses) samples from southern and central

Sweden. Values are averaged.

around 0.710-0.711 are found largely in the southernmost
part of the country in the province of Scania and on the
island of Gotland in the Baltic. These data are summarized
in Figure 7.

Northern Germany

There have been a significant number of strontium isoto-
pic studies done in Germany to date, albeit the majority in
the south of the country. There are some data, however,
from the north. There are two major surface deposits in
Northern Europe. The ground moraine and glacial deposits
of the last glaciation covers the northernmost parts of
Germany and almost all of southern Scandinavia. The

coversand deposits of the North German Plain run east-
west from the Netherlands across northern Germany and
into Poland. The morainic landscape of southern
Scandinavia is a mixture of rocks and sediments carried
south by glacial advance and ground is into the surface of
the region. The coversand region, stretching from the
Netherlands across northern Germany to Poland, is domi-
nated by aeolian sands consisting largely of reworked
fluvial and glaciofluvial sediments. These coversands rest
on the glaciogenic materials deposited in this region dur-
ing the Late Glacial.

Gillmaier ez al. (2009) report a series of strontium iso-
tope samples from the North German Plain, primarily in the
state of Schleswig-Holstein. The six samples are largely
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from archeological bone and antler and the ®’Sr/**Sr values
range between 0.7090 and 07096, similar to the values
reported from the southern part of nearby Denmark.
Strontium isotope studies of the Iron Age war sacrifices
from the northern German bog of Thorsberg in the same
region (Carnap-Bornheim et al. 2007) report similar
values around 0.7090 for peat samples from the bog and
the local archeological materials. De Jong et al. (2010) in
a study of five human teeth from the Neolithic site of
Eulau in the southern part of Saxony-Anhalt reported
two sets of values, three teeth averaged around 0.7015
and two teeth averaged ca. 0.7133. These two distinct sets
of values are likely to reflect the local landscape which is
composed of glacial moraine lowlands and Paleozoic
uplands in the south of northeastern Germany.

Our own studies have added more data to the stron-
tium isotope information from Northern Europe. A num-
ber of reindeers from the site of Stellmoor near Hamburg
had values ranging from 0.7092 to 0.7105. The site is
located in a classic tunnel valley in the glacial landscape
of northern Germany. We have also measured a number of
samples of archeological fauna from the coastal site of
Neustadt in Schleswig-Holstein, with results from 0.7090
to 0.7100. Data also come from the Bronze Age war
sacrifices locale at Weltzin in the easternmost part of
northern Germany, not far from the Polish border. At
Weltzin, we see a wide range of values from 0.7080 to
0.7150 in archeological fauna and human teeth. Many of
the individuals found here may well be non-locals given
the context of the finds, but the three samples of local
fauna (a roe deer, a black rat, and a snail) show a wide
range of values, 0.7075, 0.7013, and 0.7110, respectively.
The higher values seen in the rat and snail suggest that the
glacial and coversand landscape in this region may have a
significantly higher strontium isotope ratio than the North
German Plain to the west.

In sum, much of the North German Plain, in the areas
of coversand and glacial moraine has *’St/*Sr ratios very
similar to Denmark, with values around 0.7090-0.7100.
At the same time, as one moves south and east, the
emerging uplands generally contain older rocks and higher
strontium isotope ratios. It may also be the case that the
glacial moraine and coversand in parts of the North
German Plain across Poland are composed of source
materials from older rocks exposed on the floor of the
Baltic and transported by a glacial lobe to this region of
Northern Europe.

Poland

The focus here is on northern Poland and those areas
closest to Bornholm. The geology of Poland was shaped
primarily by tectonic forces from the continental collision
of Europe and Africa during the Cenozoic era, and by the
Pleistocene glacial activity in northern Europe.

Continental ice sheets moved across the northern half of
the Polish landscape, leveling the terrain and leaving deep
glacial deposits. The moraine landscape of northern
Poland contains sediments largely of sand or loam, while
the river valleys toward the south also contain loess.

There is some information available regarding stron-
tium isotope ratios in Poland from other studies.
Voerkelius et al. (2010) report ¥’Sr/*®Sr for natural mineral
waters, surface water, soil extracts, and wheat from var-
ious countries in Europe. Original data values and sample
locations are not provided, but approximate ranges of
strontium isotope ratios can be estimated from Figure 2.
Soil extracts range from 0.7069 to 0.7123 with a mean
value of 0.709. Surface water ratios exhibit a narrower
range from 0.7078 to 0.7096, with a mean ca. 0.7085.
Wheat ratios range from 0.7090 to 0.7106, with a mean of
approximately 0.7100. Rossmann ez al. (2000) report a
ratio in Polish butter of 0.7088. Lofvendahl et al. (1990)
report a value of 0.7095 for the waters of the Vistula and
estimate a mean of 0.710 for the sedimentary basin of the
southern Baltic Basin which includes much of the area of
Poland.

To date, we have recorded only a small number of
locations, shown on the map in Figure 8. Two values for a
site in Figure 8 indicate the range of values in the samples
from there. There is a substantial variation in *’Sr/*°Sr in
these samples, and we are uncertain whether the higher
values in Northern Poland reflect non-local origin of our
samples, taken primarily from rural medieval settlement
sites (fauna) and cemeteries, or if these higher values,
above 0.711, come from local sources in the terrain. In
general, it appears that lower isotope ratios are more
common in the north of Poland, increasing in value to
the center and south of the country, where older rocks
dominate a higher terrain.

Bornholm

In contrast to most of the sand or moraine regions around
the coasts of the southern Baltic Sea, the island of
Bornholm is made up of a number of rock formations
ranging from Precambrian bedrock to Mesozoic sedi-
ments (Figure 9). Technically, the island is known as
the Bornholm Block, a composite fault block. Bornholm
is located within the Fennoscandian Border Zone, and the
bedrock on the island is composed of a Precambrian
crystalline basement of gneisses and granites outcropping
to the north. A complex mosaic of fault blocks outlined
by Lower Paleozoic platform sediments are found to the
south, while Mesozoic sediments, largely of marine ori-
gin, occur mainly to the southwest. Upper Cretaceous
deposits here consist of greensand and limestone forma-
tions made up of marine glauconitic sands, marls, clays
and limestones, and conglomerates with numerous
fossils.
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Figure 8. Baseline strontium isotope ratios from selected sites in northern and central Poland.

The bedrock geology of Bornholm is covered in many
places with Quaternary deposits of till and meltwater
sediments (Figure 10). The glaciers that covered
Bornholm came from the northeast, and deposited till
from the Baltic Sea floor on the western coast of the island
(Lindstrom 1991). The till also forms moraine plains in
the south as well as in some parts of the crystalline bed-
rock area in the north. Further inland and east of the
island, the till is composed of older island sediments and
bedrock (Meberg 1994). Late Glacial deposits on
Bornholm include sands and gravels deposited by the
Baltic Ice Lake. Littoral and eolian sediments, e.g., the
dune sands in the southeast, are largely postglacial depos-
its (Fuchtbauer and Elrod 1971).

We have measured a number of samples of archeolo-
gical fauna, modern snails, and surface water to record the
bioavailable ®’St/*°Sr on Bornholm. The water data are
taken from Frei and Frei (2011). We attempted to sample
fauna from each of the major geological units on the
island. The results appear in Table 1 and are shown
graphically on the map of the island in Figure 8. The
bedrock geology of the sample location, where known, is
also included in the table. These values show a wide
range, 0.7092-0.7231, reflecting the diverse geology of

the island. Porcelansgard is located in an area of kaolin
which may explain the unusually high strontium isotope
ratio for the Mesozoic deposits in that area of the island.

We have also measured a series of 15 snails from the
site of Ndr. Gradbygéard itself, and these values are shown
in Figure 11. The mean value for these snails is
0.7133 £ 0.0020, with a range from 0.7093 to 0.7155.
Ground moraine covers bedrock in the area immediately
north of the site, but the transition to ’Sr-rich Paleozoic
bedrock lies only a few kilometers away. The bimodal
distribution of ®’Sr/*®Sr for the snails appears to confirm
this situation, with values ranging from 0.7095 to 0.7160,
depending on the sources of the food that were consumed.
Based on the bioavailable data from the snails at Ndr.
Gredbygérd, and with consideration of the baseline values
from the rest of the island, we would suggest a range of
0.7095-0.7155 be used for the baseline values at the site.
The upper value is a particularly cautious estimate for
humans, as seafood consumption would increase the
intake of the lower marine *’Sr/**Sr at 0.7092 and reduce
the terrestrial strontium isotope ratios.

The diversity of strontium isotope ratios on Bornholm
makes the definition of local and non-local individuals a
difficult talk, and brings into question the meaning of
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Figure 9. A simplified geological map of Bornholm, the location of Ndr. Gredbygard, and the sampling sites for bioavailable strontium
isotope ratios. The white geological zone to the north is underlain by rocks of largely Precambrian age, the lighter grey area to the south
consists of Paleozoic rock, heavily faulted, and the darker gray area along the west and south coast is composed of Mesozoic Age
deposits, often of marine origin. Circles are water samples, squares are fauna.

local. In the case of the analysis of Ndr. Gredbygard local
really has two meanings: 1. individuals from the area
around the cemetery. This area could be defined by pre-
vious analysis of the cemetery (Nielsen 1998, pp. 12—17)
that suggested that the cemetery may have been used by
the inhabitants of 20-25 farms that could have been found
within a ca. 5 km radius and individuals who are from the
island of Bornholm. Non-locals could be from elsewhere
on the island or from off the island. Because of the iso-
topic variation present in the samples from the cemetery
itself, these distinctions are not immediately obvious and
our discussion of the results must be taken as speculative
rather than demonstrated.

Results

The skeletal remains in the Ndr. Gredbygard cemetery
were for the most part very poorly preserved, in contrast
to the teeth. Tooth enamel was, however, often preserved
and was available for isotopic analysis. This in fact also

allowed for an age evaluation of most of the individuals
(by analyses of the dental development (subadults) and
age-related abrasion (adults).

Some 41 samples were originally selected for this
study based in part on the prior archeological analysis of
burial practices at the cemetery, and constrained by the
preservation of the dental material. Our sample included a
substantial number of individuals that were buried with
objects associated with the Slavic tradition, such as beads
and fragments of earrings found in the cranial area, knives
in mounted sheaths, and potsherds of Baltic ware (graves
272, 107, 428, 427, 518, 6, 294, 536, 459, 628, 281, 558,
382, 243, 496, 613, and 452).

Four additional samples for this study were selected
based on possible unusual physical features observed dur-
ing excavation. Burial 256 was reported to exhibit the only
distinctively Slav morphology in the teeth. Burial 292 was
an adult individual without tooth wear, in marked contrast
to others in the cemetery. Burial 418 seemed to have rather
massive muscle insertions at the base of the cranium, and
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Figure 10. Soil map of Bornholm showing the distribution of more recent sediments on the island. The black dots mark the location of
some of the 962 farms on Bornholm and the crosses indicate 15 rural churches (Messenburg 1972). The location of Ndr. Gredbygéard is
marked by a red dot.

Table 1. Samples of fauna and water for bioavailable strontium isotope ratios on the island of Bornholm.

Location Material Geology 87gr/808r
Kobbegard Arch. fauna Granite/Gneiss 0.7231
Munkegard Arch. fauna Svaneke granite 0.7114
Kannikegaerdet Arch. fauna Glauconitic sandstone 0.7139
Hullegard Arch. fauna Rastrirtes/Cryptograptus shale 0.7148
Porcelensgard Arch. fauna 0.7146
Svaneke Modern snails Svaneke granite 0.7131
Svaneke Modern snails Svaneke granite 0.7134
Ronne Modern snails 0.7092
Renne Modern snails 0.7104
Stampen A Surface water 0.7097
Bastemose Surface water 0.7206
Leaesa Surface water 0.7160
such massive muscle attachments were also seen on Burial did not indicate that these features were significantly dif-
438, along with apparently very broad cheekbones. Later ferent. However, due to poor conservation, thus rendering

physical anthropological examination of these individuals more precise dental and physical anthropological analyses
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Figure 11. Histogram of *’Sr/*Sr values for 15 snail shells
measured at Ndr. Gredbygérd.

difficult, it was decided to sample these individuals
anyway.

Furthermore, burial 250 was selected for sampling at a
later point, because this individual displayed a probable
sharp trauma to the occipital region, the only evidence of
violence found in the cemetery. The blow could very well
have been lethal, probably from a sword, but does not
look like an attempt at decapitation.

The results of the analysis of 45 samples of enamel
from the graves are provided in Table 2. The location of the
graves that were sampled is shown in Fig. 2, and the graves
with the highest and the lowest strontium isotope ratios are
indicated on the plan. The ¥’Sr/**Sr values for both baseline
and human enamel samples are shown in the graphic form
in Figure 12. In this bar graph, values within the two groups
of samples are rank ordered from lowest to highest. The
baseline values include both fauna and surface water. The

Table 2. Burial and isotopic data from the Ndr. Gredbygard cemetery, Bornholm, Denmark.

Lab# Burial# BMR# Sex Age 879r/86gy d"Cyp 51%0

F5714 8 X264 A 0.71317 -13.71 ~4.95
F6907 77 S 0.71024

F5727 78A M sub 0.71077 -12.58 —6.31
F5713 107 X589 M S 0.71268 -12.66 ~4.66
F5717 196 X937 M 0.71716 -10.86 -5.16
F5720 199 o X949 M 0.71510 -15.23 -5.39
F5721 199 y 0.71171 -11.81 —4.90
F5709 210 x951 A 0.71465 -14.31 ~4.86
F5700 243 x1121 M M 0.71780 -15.30 ~5.58
F5710 249 x1138 M M 0.71530 -12.81 ~4.61
F5706 250 M A 0.71421 -13.97 —436
F5705 251 x1147 M M 0.71490 -14.41 -4.50
F5704 272 x1181 M A 0.71260 -13.04 —3.64
F5730 280 M A 0.71531 -13.19 -5.24
F5715 281 x1324 M A 0.71524 -14.07 —4.80
F5731 294 M A 0.71334 -9.38 -4.84
F5734 306 M M 0.71644 ~13.74 -5.30
F5728 307 M A 0.71375 ~14.00 ~4.89
F5708 382 x1508 M A 0.71599 -14.31 ~4.63
F5733 427 X1687 F A 0.71300 -13.44 -4.87
F5732 428 x1724 F A 0.71298 -13.04 ~4.96
F5725 429 x1749 F A 0.71296 ~14.64 ~4.76
F5718 452 x1739 M 0.71484 -13.01 ~4.60
F5707 459 x1780 F A 0.71441 -14.42 —4.29
F5722 465 x1766 F M 0.71166 -12.88 —6.41
F5723 496 x1898 F A 0.71223 -14.79 ~4.46
F5703 518 x1984 A 0.71315 -14.02 -5.29
F5711 527 x1983 F M 0.71319 -14.65 -5.01
F5702 536 x2076 F A 0.71383 -14.51 ~5.53
F5738 554 sub 0.71680

F5712 558 x2087 F M 0.71547 ~14.24 ~5.04
F5735 559 x2088 F A 0.71680 -13.86 ~4.40
F5719 613 x2310 F A 0.71483 -14.53 ~4.07
F5724 617 x2334 F A 0.71446 -12.57 —4.58
F5729 618 x2366 F A 0.71394 ~13.74 —4.38
F5726 619 X2346 F A 0.71135 ~13.54 -5.36
F5716 626 x2389 F M 0.71146 -13.16 -5.62
F5701 628 x2407 F M 0.71442 -14.22 —4.48

Note: M = male, F = female, A = adults, S = senilis, M = maturus. O = old, y = young.
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Figure 12.  %Sr/*Sr values for Bornholm baseline, fauna are light grey, water samples are dark grey. snails at Ndr. Gredbygérd and Ndr.
Grodbygard humans in rank order. White = female, grey = male, black = unknown. The large grey rectangle is an estimate of the local
strontium isotope ratio available in the area around Ndr. Gradbygard.

range of values is very wide, 0.7092-0.7231, as noted It is also the case that there are no human values below
above. The wide range of ®’Sr/*’Sr values on the island 0.7108 in the cemetery, suggesting that few or none of the
makes the identification of immigrants a difficult under- inhabitants are coming from the glacial and coversand
taking. The estimated local range for Ndr. Gredbygard areas of northern Germany, Denmark, or southwestern
suggested above, 0.7095-0.7155, is shown in the horizontal Sweden. The moraine/coversand area of northern Poland,
band on the graph. on the other hand, does have some values in the range
There are several things to be noted from the graph. between 0.7095 and 0.7150, so that some of the indivi-
First, most of the human enamel values fall within the duals who appear to be local to Bornholm could also have
range of baseline bioavailable values from Ndr. originated in those parts of Poland.
Grodbygérd. This means that many of the individuals in It should be noted that two individuals (77 and 78a),
the cemetery may be local to the area of the cemetery, or an 11-12 year-old boy buried directly above an adult
from other parts of the island with similar isotopic values. male, found in the isolated group with the stone-built
Second, there is an interesting break in the curve of the grave to the west in the cemetery (Figures 2 and 5), had
human enamel values in the bar graph. The seven highest the two lowest ®’Sr/**Sr values recorded in human enamel

human values in the bar graph (Burials 382, 306, 554, at Ndr. Gredbygard, although still within the local base-
559, 196, 246, 243) show a slightly different angle of line. The isolated location of the burials, the construction

increase from the remainder. In addition, these individuals of the graves, and the exceptionally low strontium isotope
lic outside the baseline values for the site and outside all values suggest that these individuals were personages of
but the two highest water values from the island, suggest- some note. These stone-built chambers are unusual, as
ing that they are non-local and possibly not from most of the other burials are in simple earthen flat graves.
Bornholm. These seven graves are found scattered through There is a possibility that these graves were associated
the cemetery, without obvious spatial relationships. If with an original church at Ndr. Gredbygard, of which no
these individuals are non-local to Bornholm, the more trace remains today. Because these are the two lowest
likely homeland for these individuals would be to the values we have recorded, there is also a possibility that
north and west, where the ancient rocks of eastern these individuals may not originate from Bornholm.
Sweden have comparably high values. There is little evi- There is one other intriguing pattern in the ®’Sr/*°Sr
dence of values above 0.716 in northern Poland or north- data from the cemetery. Three individuals buried very
ern Germany. close to one another in a cluster of five graves (Burials
There are also five individuals very close to the upper 427, 428, 429—an adolescent ca. 14 years of age, and two
boundary of the local *’Sr/**Sr range (Burials 199, 281, women aged ca. 30-35 years, respectively) were sampled
249, 280, and 558) that may or may not belong to the local in our study and have remarkably similar isotope values
population. These are at the limits of ‘locality’ but lie on (0.71300, 0.71298, and 0.71296 respectively). This simi-
the same curve as the majority of the burials in our larity suggests a similar provenience and diet for these
sample. For these burials, we hesitate to distinguish them individuals, perhaps as members of the same household.
and for the present will include them in the local group of Furthermore, the material culture recovered from these

burials. graves, suggests rather uniform ritual customs surrounding
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burial of these individuals. They were buried in coffins
and given knives, strings of beads of silver, glass and
sandstone, or amber. Two of them were clothed in a
garment requiring a brooch and two of them were given
a fragment of a coin. The spatial proximity of these
internments, as well as the similarities in burial ritual
and strontium values suggests close connections and the
same origin for these individuals, perhaps as members of
the same household.

None of the four individuals selected because of per-
ceived unusual morphologic dental and skeletal traits (at
excavation) showed non-local strontium levels, in line
with later dental and physical anthropological analysis,
which did not indicate anything unusual about these indi-
viduals. Burial 250, the one example with probable trauma
to the head, showed a likewise local strontium level.

Oxygen isotopes in enamel apatite

The addition of oxygen isotopes in the provenience ana-
lysis of the inhabitants of the Gredbygérd cemetery pro-
vides some further insight, but the absence of a narrow
strontium isotope baseline on the island limits the resolu-
tion of our analysis.

Oxygen has three isotopes, '°O (99.762%), 'O
(0.038%), and '8O (0.2%), all of which are stable and
non-radiogenic. Oxygen isotopes are much lighter and
highly sensitive to environmental and biological pro-
cesses. Oxygen isotopes, which are commonly reported
as the per mil difference (%o or parts per thousand) in '*0/
'°0 between a sample and a standard, can be measured in
either the carbonate (CO3) > or phosphate (PO4) > ions of
bioapatite. This value is designated as 3'*0. In this study,
we have measured carbonate as a component of tooth
enamel.

Oxygen isotope ratios in the skeleton reflect those of
body water (Luz et al. 1984, Luz and Kolodny 1985),
which in turn predominantly reflects those in local rainfall.
Isotopes in rainfall are greatly affected by enrichment or
depletion of the heavy '*0 isotope relative to '°O in water
due to evaporation and precipitation. Major factors affect-
ing rainfall isotope ratios are latitude, elevation, and dis-
tance from the evaporation source (e.g., an ocean) — i.c.,
geographic factors. Like strontium, oxygen is incorporated
into dental enamel — both into carbonate and phosphate
ions — during the early life of an individual where it
remains unchanged throughout adulthood. Oxygen iso-
topes are also present in the bone apatite, and are
exchanged throughout the life of the individual by bone
turnover, thus reflecting place of residence in the later
years of life. Thus, oxygen isotopes, although non-radio-
genic, have the potential to be used like strontium to
investigate human mobility and provenience. At the
same time, there is significant variation in oxygen isotopes
that makes their application less straightforward.
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Figure 13. Strontium and oxygen isotope ratios in human tooth
enamel from the cemetery at Ndr. Gredbygard.

Oxygen isotopes were measured in 36 samples of tooth
enamel carbonate, and gave a mean of —4.9%o and an SD of
+0.56, and range from —3.6%o to —6.4%o. These values are
listed in Table 2 for the individual samples. These 5'%0
values are plotted against *’St/*°Sr in Figure 13. The spread
of 3'®0 values, with the exception of three individuals,
varies between —4.0%o and —6.0v in the data. 5'*0 values
in a population generally vary between £1.0, so this range
seems to be reasonable as a ‘local’ value for Bornholm.

The three exceptions are 1. The individual with the
lowest ®’St/*°Sr value has a 5'%0 of —6.3%o. The combina-
tion of the two end-range values likely points to this indi-
vidual (burial 78a) as unusual and non-local to Bornholm.
This is the same individual reported earlier in the strontium
isotope analysis. 2. There is another individual (465, an
approximately 50-year-old female), with a very negative
8'%0 (~6.4) and *’Sr/*°Sr value (0.7117) that stands out in
the graph. 3. Finally, there is an individual (272; a young
male) with the most positive 8'0 value (-3.6%0) and a
87Sr/*Sr value of 0.7126 who appears different from the
majority of the sample. Again, it should be noted that
oxygen provides a rather weak measure of geographic
variation and these results must be viewed with caution.

From an archeological point of view, these last two
graves (465 and 272) are not distinctive. Both were simple
burials in coffins without any diagnostic grave goods. The
only artifact associated with burial 465 was a potsherd of
contemporary Baltic ware deposited in the fill of the grave.
In grave 272, probably of an adult male, a single potsherd
of Baltic ware was found under his knee. Between his
knees a few animal teeth were found in a dark, fatty clump.

Carbon isotopes in bone collagen

Carbon isotope ratios were measured for five bone col-
lagen samples from the cemetery at Gredbygaard. The
results are presented in Table 3. These data provide an
estimate of the contribution of marine foods to the diet,
averaging 20% for the five samples with relatively little
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Table 3. 6"°C values from five burials at Ndr. Grodbygérd.

Lab# Burial Age Sex otc % Marine food
K-6865 11 40 F? -18.5 25
K-6866 379 40 M -19.0 20
K-6867 438 40 F? -19.0 20
K-6868 476 28 M -19.3 17
K-6869 538 40 F? -19.2 18

variation. The intake of seafood will affect the strontium
isotopic composition of the individual, depending on the
amount consumed. The marine foods will shift the stron-
tium isotopic values in human enamel towards the *’Sr/
86Sr value of seawater 0.7092. In the case of Bornholm,
this will mean that the terrestrial bioavailable values in
enamel are reduced toward the value of seawater, in pro-
portion to the marine foods in the diet.

Carbon isotopes in enamel apatite

The measurement of carbon isotope ratios in bone col-
lagen is well-known in the study of marine resources or Cy4
plants in human diets. Carbon is also is present in the
mineral or apatite portion of bone and tooth enamel and
also contains information on diet (Ambrose and Norr
1993, Ambrose ef al. 1997). 5'*C values in dental enamel
reflect the diet of early childhood and may inform on
movement if diets changed between place of origin and
place of burial.

Carbon isotopes were measured in 36 samples of tooth
enamel (Table 2) and yielded a mean value of —13.57%o
with an SD. of 1.18. All but three of the values range from
—13.0%0 to 15.3%o. The three values of —11.8%o (Burial
199, ca. 50 year-old), —10.9%0 (196, ca. 45 year-old indi-
vidual), and —9.4%o (294, ca. 40 year-old male) distinguish
individuals with a significantly higher marine component
in their diets. Burials 199 and 196 are adjacent and over-
lapping in the southern part of the cemetery, again sug-
gesting potential kin relations among the inhabitants. The
87Sr/*°Sr values are not distinct. None of these three
individuals were measured for 8'°C in bone collagen.

Conclusions

Bornholm is an unusual place in the Baltic, significantly
different from the countries that surround it in terms of its
geology. Bornholm is a mosaic of rock types of different
ages and composition. In terms of strontium isotope ratios,
there is a wide range of values (ca. 0.7095-0.7160) pre-
sent on this small island that contrasts greatly with the
generally homogenous areas that surround the southern
Baltic Sea. Most of the southwestern Sweden, Denmark,
northern Germany, and parts of northern Poland are com-
posed of relatively recent sediments from the last glacial

and early Holocene. These moraine and coversand materi-
als generally have ®’Sr/*°Sr values between 0.709 and
0.7105, wvalues lower than most of those found on
Bornholm. Higher ®’Sr/*°Sr values are found in many
parts of Sweden in association with the Fennoscandian
shield of very old rock. There, with exceptions, values
generally range above 0.712. The easternmost part of
northern Germany and northern Poland exhibit a range
of values from ca. 0.709 to ca. 0.715 that may represent
two distinct sources of strontium isotopes in the region,
perhaps a result of deposits from different lobes of
glacial ice.

Given this broad-ranging strontium isotope ratio con-
text, the analysis of human burials from the eleventh
century cemetery of Ndr. Gredbygérd for information on
place of origin becomes a difficult assignment. The major-
ity of ®’Sr/*°Sr values from 45 samples of human dental
enamel fall within the range of baseline bioavailable sam-
ples we have measured from the different geological pro-
vinces on the island.

The wide spectrum of isotope ratios recorded of those
buried at Ndr. Gredbygérd may be reflective of internal
mobility among the islanders. The eleventh and twelfth
centuries seem to be a transformative period involving the
reorganization of existing settlement, the establishment of
new farms (so-called @stersg-settlements), and the foun-
dation of royal farms (Nielsen 1994, Naum 2008, pp. 55—
56). These changes were likely responsible for some reset-
tlement on the island. Other factors at play in the wide
range of isotope values may also be the movement at
marriage, and perhaps even the sharing or exchanging of
food across the island.

At the same time, we can identify a number of indivi-
duals who do not appear to fit within the population at
Ndr. Grodbygérd. The seven highest ®’St/*°Sr values
(Burials 382, 3006, 554, 559, 196, 246, 243) may indicate
a small group of burials that are different from the others
in the cemetery. As noted, there is a reasonable probability
that these individuals are not from Bornholm and, given
the high isotope ratios exhibited, may be from the north
and west of the island. Individuals from the Slavic region
of eastern Germany and Poland could not be distinguished
isotopically from persons born on Bornholm because of
the overlap in isotope values between Bornholm and these
two regions. There may well be individuals buried at Ndr.
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Grodbygard from these areas that we simply cannot
recognize.

The presence of Slavic objects in the burials of indi-
viduals whose isotope ratios indicate that they were born
on the island merits attention. The inclusion of knives in
characteristic knife sheaths (Burials 281, 243, 382, 452,
and 613), potsherds (Burials 452 and 558), and beads from
earrings found in the necks and head area of the deceased
(Burials 459, 558, 559, and 628) might be a testimony of a
persistence of cultural practices and ideas about proper
burial among the second and following generations of
Slavic immigrants. Being born on the island and consum-
ing foods from the same sources as the rest of Bornholm’s
population would make their isotopic values indistinguish-
able from other individuals raised in the vicinity of
Grodbygard or elsewhere on Bornholm. Such conserva-
tism and preservation of traditions is a frequently noted
aspect of pre-modern and modern diaspora (e.g., Cohen
1997, Safran 2005, Androshchuk 2008, Naum 2012).

However, one cannot exclude another scenario.
Perhaps objects, such as mounted knife sheath, silver
string, and earring beads lost their cultural associations
becoming elements of material culture on Bornholm.
Considering close contacts between southern Scandinavia
and Slavic areas reflected in archeological material and
historical sources, the possibility of including these arti-
facts into new fashions has to be taken into account.

Three individuals with very similar ®’Sr/*°Sr values
(Burials 427, 428, 429) were buried in a rather special
context of five isolated graves in the western part of the
cemetery that may also reflect their distinctiveness. The
oxygen isotopes were not particularly helpful in our study
but do suggest three individuals that may also be of inter-
est, one of whom is Burial 78a, a 11-12-year-old child,
also identified in the strontium isotope analysis. This
person may be of non-local origin and is buried with an
adult male with a similarly 