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excavation hut during the Hohen Viecheln excavations
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VORWORT DER HERAUSGEBER

Die Schriftenreihe ,,Untersuchungen und Materialien zur Steinzeit in Schleswig-Holstein“ wurde von
dem urspriinglichen Herausgeber Jiirgen Hoika vor mittlerweile 25 Jahren im Jahre 1994 begriindet, um
am damaligen Archdologischen Landesmuseum Schleswig (ALM) und heutigem Museum fiir Archdo-
logie Schloss Gottorf (MfA) ein Publikationsorgan fiir die Veroffentlichung von Forschungsergebnis-
sen zur Steinzeit Schleswig-Holsteins zu schaffen. Dabei sollte es sich zum einen um Sammelwerke mit
Beitragen von vorzugsweise auf Schloss Gottorf veranstalteten Symposien, Workshops und Tagungen
mit steinzeitlicher Thematik und zum anderen um zumeist in Dissertationen zusammengestellte aus-
fithrliche Materialvorlagen handeln. Entsprechend enthielt der 1994 vorgelegte erste Band der Reihe
die Beitrdge zum 1. Internationalen Trichterbechersymposium, welches, von Jiirgen Hoika gemeinsam
mit Jutta Meurers-Balke initiiert, 1984 am Archdologischen Landesmuseum in Schleswig stattgefunden
hatte. In der Folge wurden dann aber beginnend mit den Arbeiten der beiden heutigen Herausgeber
nunmehr acht iberwiegend am Institut fiir Ur- und Friithgeschichte der Christian-Albrechts-Universitat
zu Kiel fertiggestellte Dissertationen verdffentlicht, die ganz wesentlich mit der wissenschaftlichen Vor-
lage und Auswertung von Forschungsgrabungen in Schleswig-Holstein und - seit der Beteiligung des
Zentrums fiir Baltische und Skandinavische Archéologie an der Herausgeberschaft — aus dem gesamten
Ostseeraum befasst sind.

Deshalb ist es eine besondere Freude fiir die Herausgeber, mit dem vorliegenden Band 10 ,Working
at the Sharp End: From Bone and Antler to Early Mesolithic Life in Northern Europe® der Schriftenreihe
»untersuchungen und Materialien zur Steinzeit in Schleswig-Holstein und im Ostseeraum® wiederum
einen Sammelband mit den Beitrigen eines Workshops vorlegen zu konnen, der vom 14. bis 16. Mirz
2016 auf Schloss Gottorf stattgefunden hat. Dabei handelt es sich um den Abschlussworkshop des von
der Deutschen Forschungsgemeinschaft geforderten Projektes ,Neubewertung von Chronologie und
Stratigraphie des frithholozdnen Fundplatzes Hohen Viecheln (Mecklenburg-Vorpommern) unter be-
sonderer Beriicksichtigung der diagnostischen Knochenartefakte® (DFG-Projektnummer 271652103)
unter Leitung von Daniel Grof3, Harald Liibke, John Meadows (alle ZBSA) und Detlef Jantzen (Landes-
amt fiir Kultur und Denkmalpflege Mecklenburg-Vorpommern; Landesarchdologie). Entsprechend
enthilt dieser Band neben dem Abschlussbericht des Forschungsprojektes insgesamt 17 Beitrdge der
eingeladenen Workshop-Teilnehmer, die entweder ergidnzende Studien zum Fundplatz Hohen Viecheln
enthalten oder sich grundsitzlich mit verwandten Themen zur Erforschung des frithholozanen Meso-
lithikums im nordlichen Europa befassen.

Alle Beitrage wurden nach internationalem Standard von jeweils zwei anonymen Gutachtern in ei-
nem Peer-review-Verfahren bewertet und danach den Autoren zur erneuten Uberarbeitung iibergeben,
bevor die abschliefSende redaktionelle Bearbeitung der Manuskripte erfolgte. Die Textredaktion fiir alle
Beitrage wurde von Gundula Lidke durchgefiihrt, Jana Elisa Freigang und Jorna Titel leisteten dabei
unterstiitzende Arbeiten. Das Layout iibernahm Daniel Grof3, Titelbild und Umschlag entwarf Jiirgen
Schiiller. Die meisten Karten und Zeichnungen wurden von den Autoren selbst bereitgestellt. In ein-
zelnen Fillen erfolgte eine Uberarbeitung durch Daniel Grof8. Allen sei dafiir an dieser Stelle herzlich
gedankt.

Neu im Rahmen der Schriftenreihe ist, dass die Beitrage unmittelbar nach Fertigstellung und Frei-
gabe der Autoren in einem ,,online-first“-Verfahren auf der Homepage des Verlages im Open Access zum
freien Download bereitgestellt wurden. Fiir die Umsetzung dieser Forderung der Herausgeber danken
wir dem Wachholtz Verlag, insbesondere Herrn Henner Wachholtz, sehr.



Besonderer Dank gilt dem Vorstand des Zentrums fiir Baltische und Skandinavische Archéologie
Schleswig, besonders dem Direktor, Claus von Carnap-Bornheim, und der Forschungsleiterin, Berit
Valentin Eriksen, die die Veroffentlichung dieses Bandes durch die Bereitstellung der erforderlichen Mit-
tel fiir den Druck der Arbeit mafigeblich unterstiitzten.

Sonke Hartz und Harald Liubke
Schleswig, im Oktober 2019
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EDITORS’ PREFACE

The series ‘Untersuchungen und Materialien zur Steinzeit in Schleswig-Holstein” was founded by its first
editor, Jiirgen Hoika, in 1994, 25 years ago, in order to establish a possibilty to publish Stone Age research
results from Schleswig-Holstein at the then Archaeological State Museum (Archéologisches Landesmu-
seum [ALM]), today’s Museum for Archaeology (Museum fiir Archdologie, Schloss Gottorf [MfA]).
Publications should, on the one hand, reflect proceedings of symposia, conferences and workshops with
Stone Age topics primarily held at Gottorf Castle, on the other hand, dissertations presenting compre-
hensive material. According to that, the first volume, published in 1994, contained the contributions
to the 1% International Funnelbeaker Symposium, which, initiated by Jiirgen Hoika and Jutta Meurers-
Balke, had taken place at the Archaeological State Museum in 1984. Following that, eight dissertations,
mainly accomplished at the Institute for Pre- and early History at the Christian- Abrechts-University Kiel,
were published, starting with those by today’s editors. All these volumes contributed substantially to the
scientific presentation and analysis of excavation materials from Schleswig-Holstein and - since 2012,
when the Centre for Baltic and Scandinavian Archaeology (ZBSA) also became involved in editig the
series — the whole of the Baltic Sea area.

Therefore the editors are especially happy to once more present conference proceedings with volume 10
of the series ‘Untersuchungen und Materialien zur Steinzeit in Schleswig-Holstein und im Ostseeraum’:
‘Working at the Sharp End: From Bone and Antler to Early Mesolithic Life in Northern Europe’ collects
contributions to a workshop held at Gottorf Castle on 14"-16" March, 2016. This represented the clos-
ing workshop of the DFG-funded project ‘Neubewertung von Chronologie und Stratigraphie des friih-
holozidnen Fundplatzes Hohen Viecheln (Mecklenburg-Vorpommern) unter besonderer Beriicksich-
tigung der diagnostischen Knochenartefakte’ (DFG project no. 271652103), directed by Daniel Grof3,
Harald Liibke, John Meadows (all ZBSA) und Detlef Jantzen (Landesamt fiir Kultur und Denkmalpflege
Mecklenburg-Vorpommern; Landesarchéologie). In addition to the projects final report the volume
contains 17 papers by researchers invited to participate in the workshop, representing either additional
studies on material from the site Hohen Viecheln or related topics in research of the early Holocene
Mesolithic in northern Europe.

Each paper was, according to international standards, peer-reviewed by two anonymous reviewers
and then returned to the author for reworking before final editorial work. Copy-editing was performed
by Gundula Lide, supported by Jana Elisa Freigang and Jorna Titel. Daniel Grof3 realised the layout; cover
and cover illustration were designed by Jiirgen Schiiller. Most maps and figures were provided by the
authors themselves, some were reworked by Daniel Grof3. We express our sincere thanks to all involved!

It is a novelty for the series to have papers published online first immediately after completion and
authors’ approval in open access for free download on the website of Wachholtz Publishers. We would
like to thank Henner Wachholtz, Wachholtz Publishers, very much for making this possible!

Special thanks are due to the board of the Centre for Baltic and Scandinavian Archaeology (ZBSA)
Schleswig, particularly to the director, Claus von Carnap-Bornheim, and the head-of-research, Berit
Valentin Eriksen, who substantially supported this publication by providing financial means for its print-
ing.

Sonke Hartz and Harald Liibke
Schleswig, October 2019
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(GRUSSWORT DES LANDESARCHAOLOGEN VON
MECKLENBURG- VORPOMMERN

Mit seinen grof3flichigen, oft noch weitgehend unberiihrten Niederungen und Binnengewdssern bietet
Mecklenburg-Vorpommern beste Voraussetzungen, um die gewasseraffinen Kulturen des Mesolithikums
zu erforschen. Die Uberreste ihrer Wohn- und Jagdstationen sind im feuchten Milieu hervorragend er-
halten geblieben. Storungen durch Torfabbau, Begradigung von Gewissern oder MeliorationsmafSnah-
men blieben im Wesentlichen auf das 19. und 20. Jahrhundert beschrénkt. Sie haben zwar einen gewissen
Schaden angerichtet, aber, weil sie zumindest im 20. Jahrhundert oft von aufmerksamen ehrenamtlichen
Bodendenkmalpflegern beobachtet wurden, tiberhaupt erst zur Entdeckung vieler Fundstellen gefiihrt.

Welche Fundstellen eingehender erforscht werden und damit das Bild einer Epoche besonders pra-
gen, unterliegt oft dem Zufall. Hohen Viecheln riickte in den Fokus der Forschung, weil die Entdeckung
mehrerer Knochenharpunen zu Beginn der 1950er Jahre auf eine giinstige Konstellation traf: 1953 war
aus der Vorgeschichtlichen Abteilung des Staatlichen Museums das Museum fiir Ur- und Frithgeschichte
Schwerin entstanden, das auch fiir die Bodendenkmalpflege in den drei Nordbezirken der DDR zustin-
dig war. Der ehrgeizige Direktor des Museums, Ewald Schuldt, hatte sich durch Ausgrabungen auf der
Burgwallinsel Teterow einen Namen gemacht und war nun auf der Suche nach einem geeigneten Fund-
platz fiir ein eigenes Forschungsprojekt.

Wegen der sehr guten Erhaltungsbedingungen versprach Hohen Viecheln, zusétzlich zu dem be-
kannten Spektrum an Steinartefakten auch ein umfangreiches Geriteinventar aus organischen Mate-
rialien bergen zu konnen. Die ebenfalls ausgezeichnet erhaltenen Tierknochen sollten Aufschluss tiber
das Jagdwild geben. Hinzu kam die Aussicht, aus der Stratigraphie neue Erkenntnisse zur Chronologie
und zu den Veranderungen der naturrdumlichen Verhéltnisse zu gewinnen. Diese Erwartungen wurden
nicht enttduscht: Hohen Viecheln entwickelte sich zu einem der bedeutendsten Plitze mesolithischer
Forschung, gleichrangig mit Duvensee, und inspirierte weitere Forschungen, u. a. in Friesack und Rothen-
klempenow.

Hohen Viecheln gehort nach wie vor zu den legendéren archédologischen Fundstellen in Mecklenburg-
Vorpommern, auch wenn es aus heutiger Sicht nicht mehr so einzigartig dasteht. Dank einer intensiv
betriebenen ehrenamtlichen Bodendenkmalpflege ist die Zahl der bekannten mesolithischen Fundplatze
im Land deutlich gestiegen, von denen vermutlich mehrere ein dhnliches Potenzial wie Hohen Viecheln
aufweisen. Verdandert haben sich aber nicht nur die Verbreitungskarten, sondern auch die Moglichkeiten
archéologischer Forschung. Es dringte sich deshalb geradezu auf, Hohen Viecheln noch einmal unter die
Lupe zu nehmen, bisherige Erkenntnisse kritisch zu priifen und neue hinzuzufiigen. Der DFG und allen
Projektpartnern gebiihrt herzlicher Dank dafiir, dass sie das ermoglicht haben.

So wird Hohen Viecheln auch weiterhin als exemplarischer Fundplatz fiir das Mesolithikum in der
norddeutschen Tiefebene stehen — eine hochinteressante Umbruchszeit, in der Klimawandel, Anstieg
des Meeresspiegels und andere Veranderungen eine standige Anpassung der Menschen an ihre Umwelt
erzwangen.

Detlef Jantzen
Schwerin, im September 2019
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WELCOME ADDRESS BY THE STATE ARCHAEOLOGIST OF
MECKLENBURG-WESTERN POMERANIA

Mecklenburg-Western Pomerania with its large, often unspoiled lowlands and inland waters offers out-
standing possibilities for research into the water-oriented cultural groups of the Mesolithic. Remains
of their settlement and hunting sites are often well preserved in wet conditions. Disturbances by peat
extraction, straightening of watercourses or melioration measures mainly took place during the 19" and
20™ centuries. They did some damage, but - as at least during the 20" century they were often supervised
by vigilant amateur archaeologists — many sites were discovered this way in the first place.

But often it is left to chance which sites can be thoroughly investigated to largely characterise the pic-
ture of a whole timespan. Hohen Viecheln became the focal point of research interest under favourable
circumstances: the discovery of several bone points there at the beginning of the 1950s fell together with
the establishment of the Museum of Pre- and Early History in Schwerin (out of the former Department
of Prehistory at the State Museum) which was also responsible for the preservation and care of field
monuments in the three northern districts of the GDR.

The ambitious museum director, Ewald Schuldt, had already gained reputation through his excava-
tions of the Slavic ring wall island near Teterow, and he was looking for a suitable site for another re-
search project. Due to the very good preservation conditions at the site, Hohen Viecheln promised, in
addition to the spectrum of artefacts known from other places, a substantial organic inventory. The well-
preserved animal bones were expected to shed light on game species and hunting strategies. Further-
more, important results were expected concerning chronology and environmental changes. These hopes
were not disappointed: Hohen Viecheln has become, alongside Duvensee, one of the most important sites
for Mesolithic research, and research there has inspired further excavations, e.g. at Friesack or Rothen-
klempenow.

Hohen Viecheln is still one of the legendary archaeological sites in Mecklenburg-Western Pomerania,
even if it no longer stands alone. Thanks to intensive voluntary archaeological surveys the number of
Mesolithic sites has increased significantly; and several of these may have a potential similar to that of
Hohen Viecheln. But not only distribution maps have changed during the last years, but also the possibil-
ities of archaeological research. Therefore, the idea to have another look at Hohen Viecheln, to challenge
old results and add new ones, suggested itself. I want to thank the German Research Foundation (DFG)
and all project contributors for having made this possible. In this way, Hohen Viecheln will continue to
be an exemplary North German Lowland site of the Mesolithic - a highly interesting time when climate
change, sea-level rise and other changes enforced constant human adaptions to the environment.

Detlef Jantzen
Schwerin, September 2019
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POINTS OF BONE AND ANTLER FROM THE LATE
MESOLITHIC SETTLEMENT IN MOTALA, EASTERN
CENTRAL SWEDEN

Sara Gummesson and Fredrik Molin

Abstract

Excavations in Motala, eastern central Sweden, have yielded a large and diverse material of osseous tools
dating from the Late Mesolithic, c. 6000-4500 cal. BC. The assembled collection comprises some 1500 pieces.
About half of the identified tool types consist of different types of bone points among which barbed points
dominate. The utilised raw materials were predominantly red deer (Cervus elaphus) metatarsals and ant-
ler, but other elements do also occur, as do bones from other species such as elk (Alces alces) and roe deer
(Capreolus capreolus).

More than 450 fragments of barbed points have been identified and interpreted as leister points or
harpoon heads. The barbed points were classified morphologically according to the general appearance of
their corpuses (setting of barbs), but more specifically to their basal ends. Aside from harpoons eight differ-
ent groups of leister points were defined. The leister points are interpreted as prongs or single-hafted points
for fish-spears. Plain bone points are the second largest group; these may be sorted into several types, which
are primarily interpreted as projectiles like arrowheads. Small bullet-like arrowheads and some rhombic
points as well as club-shaped points made of antler are also present. Slotted points appear in two different
types, either with uni- or bi-lateral edges.

Based on the collection from the site Strandvigen and with the help of defined morphological groups as well
as a large number of radiocarbon dates, we have identified a change in the utilisation of fishing implements
at Motala at c. 5000 cal. BC. The change is detected as a discontinuation in the use of barbed leister points
and a possible shift from bi-laterally to uni-laterally slotted points in addition to decreasing human activities
on the settlement in general, despite a continued presence at the site.

1 Introduction

The Mesolithic settlement, c. 9000-4500 cal. BC, in Motala in eastern central Sweden has seen major
archaeological work (Fig. 1a). The first excavations were undertaken in 1999-2003 in connection to
the construction of a new railway bridge over the river Motala Strom (CARLssSON 2008). These were
followed by a series of more recent excavations during the years 2009-2013. Three sites have been
subject to investigations: Strandvégen along the southern shore of the river as well as Verkstadsvigen
and Kanaljorden on its northern side (HAGBERG/WESTERMARK 2015; HALLGREN/FORNANDER 2016;
MOoLIN et al. 2014).
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tion with the initial stages
of the forming of Motala
Strom as an outlet to Lake Vittern, Sweden’s
second largest lake. Among the few finds from this
period is a slotted bone point with small notches. The
stabilisation of the river shortly after 6000 cal. BC is
the starting point for a large Late Mesolithic settle-
ment, dated between 6000-4500 cal. BC. The most
intensive period of settlement activities is dated to
5800-5000 cal. BC, while thereafter the activities at
the site show a gradual decline.

The settlement is centered on a low sandy moraine
hill along the shores of a shallow and calm backwa-
ter, located downstream from the first small rapids in
the river (Fig. 1b). Six dwellings — post-built houses
or huts - have been excavated as well as a cemetery

with at least 19 identified burials (GuMMESSON/MOLIN 2016). Adjacent to the dwellings there were areas
for cooking and storage as well as knapping floors (MOLIN et al. in press). The site comprises thick oc-
cupation layers which also continue from the shore out into the river, where they mix with gyttja layers
formed by the sedimentation at the bottom of the backwater. A large number of tools of bone and antler
as well as production waste were deposited on land and in the submerged sediments. High pH-values of
the soil and an anaerobic environment underwater have provided excellent conditions for the preserva-
tion of osseous material.

Fishing was of significant importance, and the rich aquatic resources were probably one reason for
the location and intensity of the settlement (CARLSSON 2008; MOLIN et al. in press). Stable isotope ana-
lyses on human remains show a protein intake dominated by aquatic resources, probably consisting of
both freshwater and marine fish in varied proportions (ERIKssoN et al. 2018). Perch (Perca fluviatilis)
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and pike (Esox lucius) dominate the fish assemblage, and in addition eel (Anguilla anguilla), smaller Sal-
monids, pike-perch (Sander lucioperca), roach (Rutilus rutilus), European whitefish (Coregonus lavaretus),
and Cyprinids have also been identified (GUMMESSON et al. 2017a). Previous research suggested that large
brown trout (Salmo trutta), unique to Lake Vittern and one of two species targeted for fishing there during
historical times, could also have been the main attraction during the Mesolithic (CARLSSON 2008, 177).
But as no larger-sized bones of Salmonids have been identified among the fish bones, pike and eel seem to
have been the main target of Mesolithic leister-fishing there instead. Among other fishing implements from
Strandviagen are also finds of gorges (toggle hooks) and netting needles (navettes) made of bone, and there
is evidence of nets in the form of bark floats and stone net sinkers. Most important finds are a fish-weir
and the remains of several wicker (basket) fish traps from the inner part of the backwater. The fish traps
have been dated to two separate chronological phases, c. 5600-5000 and 4800-4600 cal. BC (MoOLIN et al.
in press).

The site’s bone industry seems to have been mainly geared to the manufacture of bone points. Most
obvious are the large numbers of barbed points, interpreted as points for leisters, either single-hafted for
fish-spears or fork-like in pairs as leister prongs. Barbed points from the first excavations (1999-2003) have
previously been examined by BERGSTRAND (2005) in an initial typo-chronological classification attempt. 23
points, mainly broken tips (one point was complete, and three finds consisted of basal ends), were classified,
and the results were supported by five radiocarbon dates. Four types, types A-D, were recognised according
to their different general morphology as well as the shapes and setting of their barbs (BERGSTRAND 2005,
table 1). According to this classification, type A points are strikingly uniform with convex angular barbs set
at regular intervals (Fig. 2). Type B points have a more concave form and are slightly asymmetrical, with
barbs at greater angles and with a convex triangular shape. Types C and D consist of singular tips of antler
harpoons. The radiocarbon dates display a narrow sequence. Type A was dated to around 5500 cal. BC, type
B was the latest one, dated to between 5400-5000 cal. BC, and the harpoons were of an older date, before
5500 cal. BC (BERGSTRAND 2005, table 3; Fig. 3).

Fig. 2. Examples of barbed tips from leister points from Strandvigen, Motala. These tips correspond to Bergstrand's type A and
are strikingly uniform with convex angular barbs set at regular intervals (photo and graphics P. Zetterlund, Swedish National
Historical Museums).
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The present classification of barbed points does not follow this previous work. Instead the barbed
points are now classified according to the morphology of their basal ends, as the morphology of barbs
can change during use or re-shaping of each point. We do, however, link our results to those of the pre-
vious study.

The aim of this paper is to present the complete collection of bone points and possible chronological
changes in the inventory at Strandvégen, using a detailed osteological analysis and a morphological clas-
sification combined with an extensive set of radiocarbon data. We have also incorporated radiocarbon
data from six bone points from Kanaljorden, a ceremonial context with a short chronological timespan
of c. 5800 cal. BC (HALLGREN/FORNANDER 2016), corresponding to the earlier phase of the settlement
at Strandviagen as well as the previous radiocarbon data from the Strandvdgen site. Additionally, we
have included a brief evaluation of context and studied depositional patterns of bone tools, considering
taphonomic aspects of spatial distribution patterns at Strandvagen.

2 Methods of analysis and dating

The complete assemblage has undergone a technological analysis concerning the production of bone
tools (GuMMESsON 2018). The assemblage was analysed and classified by the authors, with regards to
the identification of different techniques (Davip 2007) and the identification of different waste products
such as flakes and blanks, but also debitage in form of cut-off metapodial epiphyses. Waste products
were identified in regard to a general operational chain including several steps; the removal of the distal
epiphyses and occasional calibration of the proximal epiphyses, splitting and forming of the bones by
percussion or, more seldom, with grooving, and finally scraping or grinding the surface of the object.
Both waste products and finished tools were registered with regards to visible surfaces modifications,
e.g. scraping and grinding (DAvID 2007; 2008; GUMMESsON 2018). Tools have been registered as to part
of the identified object and assessed in regard to a general degree of completeness (i.e. fragments, half of
a complete object, or complete). The description of the orientation of tools follows the one published by
Voruz (1984).

All bone fragments including bone tools were identified as to species or to higher taxa, and to bone
element and part of element (bones identified as those of Suidae have been grouped as wild boar, as it
is considered most likely that they represent wild animals in this context). Quantification was made
according to the number of identified specimens, NISP (LymAN 1994, 100). A relatively high level of
fragmentation and significant human modifications made it difficult to use other methods. The mini-
mum number of individuals (MNI) represented among the tools and the waste products was calculated
based on the minimum number of elements (MNE; LymAN 1994, 100-104). A detailed taphonomic
analysis was conducted on a major part of the assemblage (finds from 2009-2013), including observa-
tions of fragment size and fracture analysis according to methods presented by OuTraM (2001) and
JoHNSON (1985). Calculated results presented in the paper are based on data from this detailed analysis.

Most radiocarbon analyses were conducted at the Angstrém Laboratory in Uppsala. A few finds
were also dated at the ICA in Miami. All dates included are presented in Appendix 1 (previously
unpublished radiocarbon dates) as well as Appendix 2 (previously published dates). Dates provided
are those reported by the laboratories and in referenced sources (Appendix 2): no further modelling
of the radiocarbon data was conducted for this paper. All dates (Fig. 3) are calibrated using OxCal 3.10
(BrRONK RAMSEY 2001; 2005), using the IntCal04 “C calibration curve (REIMER et al. 2004).

Most finds were dated on collagen from bone or antler (n = 33), but 16 finds were also dated on traces
of resin still attached to basal ends or slots. The pretreatment of the dated resin samples (at the Angstrém
Laboratory) included a separation of soluble and insoluble parts. Soluble fractions consist mostly of
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washed and dried humus material, called fraction SOL. The insoluble part, called INS, consists mainly of
the original organic material and forms the dated part in the current survey. Prior to AMS determination
the content was burnt to CO, gas, which in turn was converted to solid graphite through a Fe-catalytic
reaction (POSSNERT/PETTERSSON 2016).

3  The Strandvigen collection

A total of 1468 finds of bone and antler tools or objects have been identified in the material of the
excavations 1999-2013. The most common implements are barbed bone points (leister points and
harpoon heads: 31 %), followed by plain bone points (12 %; see Table 1). Everyday utensils and personal
ornaments occur, too, but the numbers are comparably low. The finds are mostly unburned (14 % of
the fragments are charred or burned), and the collection comprises approximately 4 % (NISP) of all the
faunal remains recovered from the site. These numbers are probably an underestimation due to a high
degree of fragmentation hindering secure identifications of broken objects (see: Deposition and spatial
patterns, Table 5). Despite a high level of fragmentation 27 % of the bone tools represent half or even
more than half of a complete tool. Almost all identified tools, 85 %, exhibit fractures indicative of frag-
mentation during usage, i.e. bones broken while still fresh; 8 % have fractures which originated in dry
bone.

Most of the osseous tools were made of metatarsals or antler of red deer (Cervus elaphus).
Elk (Alces alces), roe deer (Capreolus capreolous), and wild boar (Sus scrofa) bones are also commonly
represented. Objects made of bones from birds, brown bear (Ursus arctos) and beaver (Castor fiber) are
uncommon (Table 2); the only securely identified finds are beads made of tubular bird bones. Two finds
made of teeth of brown bear and beaver also likely represent personal ornaments such as pendants, as
such are known for example from Zvejnieki in Latvia (LOuGas 2006). Points were made of bone or antler
of large ungulates such as red deer or elk (then mostly from the metapodium, or the shinbone); there are
also examples of points (n = 6) made of roe deer bone and antler and bone from wild boar. The majority
of the fragments, however, cannot be identified as to species or element due to both modifications and
heavy fragmentation.

An important aspect of the bone industry is the production waste. At Strandvéigen 6 % (NISP,
n = 2185) of the faunal remains have been classified as waste products, including remnants of steps
from primary reduction to finished products; raw material, debitage, blanks and preforms, demonstrat-
ing an extensive on-site production (GUMMESSON 2018). As among the finished tools, bones from red
deer dominate the waste products (60 % [n = 1083]). Most common is antler (n = 756), but since antler
fragments more easily than bone, yet still remains identifiable, direct comparisons of the frequencies
are difficult. The most common bone elements are metatarsals (n = 171), in agreement with the element
distribution among finished tools. Another important feature is the reshaping and re-use of broken tools.
27 items exhibit evidence of re-use, mostly in form of grinding after breakage and new use-wear; another
17 finds also exhibit traces that could indicate re-use, but mostly either the fragments or the modifica-
tions are too small to allow an interpretation of the original shape and type of modification. There are
also flakes of tools (n = 38) with modified (often scraped) surfaces suggesting breakage during use or the
re-knapping of broken items.

No less than 49 bone or antler tools have been radiocarbon dated, including six items from the site
Kanaljorden. The radiocarbon data set from Motala represents one of the largest dating sequences of
Mesolithic osseous tools from Sweden. A general overview of dated tools (Fig. 3) demonstrates a narrow
chronological time span, between c. 5800-4500 cal. BC, correlating to the Late Mesolithic settlement,
with the exception of one older point.
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Table 1. Numbers of bone tool finds and waste products (NISP) and depositional contexts. Tool types are ranked in descending

order. Numbers in brackets represent identified finds of re-used tools (re-used tools were catalogued representing the most re-

cent identified use). Dry stratigraphy = tools recovered from occupation layers on land. Submerged sediments = tools recovered
in sediments of River Motala Strom.

Bone tool Number of finds Dry stratigraphy % Submerged sediments %
Leister point 446 (10) 117 26 329 (10) 74
Plain bone point 180 (2) 137 76 43 (2) 24
Awl 71 (4) 15 21 56 (4) 79
Chisel 53 (2) 4 8 49 (2) 92
Slotted bone point 43 (2) 30 70 13 (2) 30
Needle 35(1) 33 94 2(1) 6
Pressure flaker/Puncher 33 0 0 33 100
Unident. antler object 31 20 65 11 35
Spearhead 16 (3) 4 25 12 (3) 75
Harpoon head 14 (1) 3 21 11 (1) 79
Bead/Pendant 13 11 85 2 15
Adze/Mattock 10 0 0 10 100
Slotted dagger 8 1 12.5 7 87.5
Arrowhead 8 3 37.5 5 62.5
Navette 7(2) 1 14 6(2) 86
Knife, boar tusk 7 1 14 6 86
Enamel tool 7 6 86 1 14
Decorated antler object 6 1 17 5 83
Burin, boar tusk 6 0 0 6 100
Knife 5 0 0 5 100
Antler club 6 1 17 5 83
Fish hook 4 2 50 2 50
Antler shaft 4 0 0 4 100
Antler sleeve 3 0 0 3 100
Stopper/Cork 3 0 0 3 100
Spatula 2 0 0 2 100
Figurine 2 0 0 2 100
Wedge 1 0 0 1 100
Ulna dagger 1 0 0 1 100
Unident. tool 447 385 86 62 14
Total 1468 (27) 771 52 697 (27) 48
Waste products

Flake 837 (38) 804 (35) 9% 33(3) 4
Blank 427 97 23 330 77
Preform 101 29 29 72 71
Distal epiphyses 64 11 17 53 83
Micro-splinter 13 9 69 4 31
Waste, unident. 743 193 26 550 74
Total 2185 755 42 1043 58
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Table 2. Species distribution (NISP, MNI) among bone tools and production waste from Strandvagen, Motala. M.c. = Metacarpalia, M.t. = Metatarsalia,
M.p. = Metapodia, Mand. = Mandibula, PE = proximal epiphyses, DE = distal epiphyses, Dxt = dexter (right), Sin = sinister (left).

Species Element Bone tools MNI Waste products MNI
Red deer (Cervus elaphus) 280 6, M.t., PE, Dxt (dorsal view) 1083 7, M.p., DE (Sin+Dxt)
Cornu 105 756
Cranium 0 6
Mandibula 3 2
Radius 3 26
Ulna 0 3
Metacarpalia 31 59
Femur 1 0
Tibia 18 26
Metatarsalia 108 171
Metapodium 12 34
Elk (Alces alces) 35 1, M.t., Sin 17 2, M.t., PE, Dxt
Cornu 3 2
Humerus 1 0
Radius 2 1
Metacarpalia 1 2
Telemetacarpalia 1 0
Tibia 11 1
Metatarsalia 11 7
Metapodium 3 0
Ossa longa 2 0
Roe deer (Capreolus capreolus) 30 2, Cornu, Sin 57 1, M.c., DE, Sin
Cornu 13 16
Metacarpalia 4 8
Tibia 1 1
Metatarsalia 11 31
Metapodium 1 1
Wild boar (Sus scrofa) 24 1, Canini, Mand., Sin 11 1, Canini, Mand., Dxt
Dentes (Incisivi et Canini) 21 8
Scapula 1 0
Femur 0 1
Tibia 2 2
Brown bear (Ursus arctos) 1 1, Canini 0
Dentes (Canini) 1 0
Beaver (Castor fiber) 1 1, Incisivi, Mand., Dxt 2 1, Incisivi, Mand., Sin
Dentes (Incisivi) 1 2
Cervidae 13 97
Large Ungulate 381 82
Unident. Mammalia 691 836
Aves 11 1, Humerus, PE, Sin 0
Humerus 1 0
Ossa longa 10 0
Total 1468 2185
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Fig. 3. All radiocarbon dated osseous tools from Motala. No dated barbed points are later than c. 5000 cal. BC. Plots from OxCal
v3.10 (BRONK RAMSEY 2005). All dates are presented in Appendices 1-2 (graphics P. Zetterlund, Swedish National Historical
Museums).

4  Typology of barbed points

Barbed points (n = 460) are interpreted as leister points (n = 446) or as harpoon heads (n = 14). In general,
the finished points exhibit surfaces modified by scraping, and 7 % of the barbed points are decorated.
The decorations mostly consist of transverse lines and notches along the dorsal side, the broad side, or of
smaller notches on the barbs (LARSSON/MoLIN 2017).

4.1 Leister points

The leister points are rather uniform; all are uni-lateral and most of them exhibit convex angular barbs
with a transverse margin towards the base (Fig. 2). The present study is based on the morphology of
the basal ends of the leister points, although we have also taken into account the general appearance of
the barbed corpus and the tips. Only 15 more or less intact points have been recovered. Eight groups of
leister points (groups 1-8) were identified, and in total 96 leister points (93 of 125 basal ends) have been
classified to specific groups (Table 3; Fig. 4). The main criteria for classification were the morphological
traits of the basal ends, also reflecting the shape of the bone element, or a part thereof. Additional char-
acteristics were also noted, for example the presence of diagonal striations from grinding, but these were
not considered diagnostic for the classification.

Group 1 represents leister points with small notches extending up on the base. The notches are slightly
oblique to perpendicular. Leisters within this group show similarities with barbed points from, for example,
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Table 3. Identified groups of leister points (groups 1-8), with general descriptions and radiocarbon dates of basal ends; un-
grouped finds are not included.

Number of cal. BC,

. 4 )
Group Description points Comment C age BP 95.4 % prob. Lab.-no.
1 Small (perpendicular) 5
notches on the base.
F500 6640 + 40 5640-5490  Ica-15B/1263

F3642 (Kanaljorden) 6611 £ 30 5620-5480  Ua-51726

2 Truncated bases and cur- 8
ved profiles. Interpreted
as double-hafted prongs. F507 6243 + 75 5370-5000  Ua-29758
F1553 6560 * 40 5620-5470  Ica-15B/1265

F3661 (Kanaljorden) 6646 * 31 5630-5510  Ua-51729

3 Half of the plantar/palmar 12
surface of a metapodial
bone. No traces of diago- F1453 6430 + 40 5480-5320  Ica-15B/1264
nal grinding on the basal
ends.

4 Rounded and elongated 23
bases with oval cross
section. Diagonal striation F1753 6360 + 40 5470-5220  Ica-15B/1269
on bases.

5 The cross section of the 4
corpus of the point
extends up on the base. F3986 6260 + 40 5320-5070  Ica-15B/1259
The cross-section is nar-
rowed on the barbed side.

6 Made of the comple- 10
te plantar surface of a
metatarsal bone. Diagonal F1624 6210 + 40 5300-5050  Ica-15B/1267
striation on bases.

7 Made of the dorsal side of 31
a metapodial bone. Dia-
gonal striation on bases. F47880 6190 + 40 5300-5020  Ica-15B/1260

8 Not distinguished by the 3
morphology of the bases.
Instead they represent a F1556 6170 + 40 5220-4990  Ica-15B/1266
group made of thinner
bones, e.g. the mandible.
They exhibit a distinct
C-profile and have larger,
sparsely placed oblique
barbs.

Kunda-Lammasmagi in Estonia (e.g. No. 3410 [1936], Archaeology Museum at the Institute of History of
Tallinn University), Zvejnieki II (e.g. ZVII: 931, National History Museum of Latvia), and Lake Lubana
in Latvia (e.g. A10519:1430 [VANKINA 1999, 38 fig. XIV:6]).

Group 2 points have curved profiles and flat truncated bases and are interpreted as fork-like
double-hafted prongs, representing CLARK’s (1936) type 14. The closest parallel is from Horninge mosse
on the Swedish island of Oland (ABERG 1913, 44 fig. 2).
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Group 3 consists of barbed points made from half of the plantar/palmar surface of a metapodial bone
each; the group also comprises a possible subgroup with narrowed tangs. Basal ends in this group do not
exhibit diagonal striations from grinding as those of many points of the following groups do.

Group 4 is defined by points with rounded elongated bases with an oval cross-section. Bases in this
group often exhibit diagonal striations from grinding.

Group 5 is represented by points where the cross-section of the corpus extends on to the basal end.
The cross-section is drop-shaped and deliberately narrowed (thinned out) on the barbed side, with
distinct marks of scraping on the surface of the bone.

Group 6 consists of larger points made from the complete plantar surface of a metatarsal bone. This
portion of the bone has a natural foramen (i.e. hole), and it is important to stress that none of the points
in this group exhibits any traces of hafting with a line through this hole, but many points instead exhibit
diagonal striations on the base. These objects should therefore be interpreted as leister points and not as
harpoons.

Group 7 represents leister points made of the dorsal side of a metapodial bone, with the natural fur-
row of the bone (sulcus dorsalis) visible in the central axis of the basal end. Many of the finds within this
group show traces of diagonal grinding.

Additionally, group 8 can be distinguished. These points are not characterised by the morphology of
their basal ends; instead they represent a group of points made of thinner bones, for example mandibles,
which prevents them from being classified into any of the other groups. They exhibit a distinct C-profile
in the mid-section and have larger, sparsely placed oblique barbs.

Group 7 is the largest group, comprising 32 % of the classified points, followed by group 4, representing
24 % of the assessed finds. Groups 1, 5 and 8 are the smallest, containing 5 %, 4 % and 3 %, respectively
(Table 3).

Collagen from 18 leister points has been radiocarbon dated, but of these objects only ten basal
ends (including two items from Kanaljorden) could be identified as belonging to a specific group. The
remaining eight represent barbed mid-sections or tips of points. No leister points are dated later than
c. 5000 cal. BC.

Group 1 points date to the older part of the leister sequence and are among the first leister-types
used at Motala, between 5600-5500 cal. BC. This is also the case with group 2, of which two out of three
dated points belong to the same period. A third date (Ua-29758), however, shows that leister fishing
with curved prongs most likely continued throughout the whole sequence, until 5000 cal. BC. Groups
3 and 4 are represented by one date each, positioned in the middle of the chronological sequence, and
were likely used after 5400 cal. BC, but no later than 5200 cal. BC. Groups 5, 6 and 7 all range between
5300-5000 cal. BC, and group 8 constitutes the youngest dated group.

Mid-sections and tips of Bergstrand’s type A, with regular barbs of convex angular shape (Fig. 2),
occur in almost all the groups identified above and consequently throughout the whole leister sequence.
Thus, barb morphology did not correlate with base morphology, although leister points of group 8,
with sparsely placed oblique barbs, could correspond with Bergstrand’s type B. It is interesting to note
that these also date to the youngest phase of leister fishing at Strandvégen, as some similarities in the
morphology are recognised. It is also interesting that points of this group were made of different bone
elements than the main part of the leister point collection.

The leister point groups correlate to choices of raw material, i.e. utilised bone elements and the
specific part of each element. Whether this was a conscious choice or just a consequence of different
craftsmen or available raw material, function or even an analytical artefact, is hard to evaluate. Some
of the differences (e.g. a curved profile with flat truncated base, a drop-shaped, narrowed basal end,
and traces of grinding) could, however, be of importance, representing morphological traits that
provide insights into hafting techniques. Leister points remain solidly fixed to the shaft during use.
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Harpoons

Fig. 4. Leister points, groups 1-8, and basal ends of harpoons from Strandvigen, Motala (photos and graphics P. Zetterlund,
Swedish National Historical Museums).




Several of the points exhibit traces of diagonal grinding on the basal end. All points with such traces
belong to groups 4, 6, or 7 (which together constitute 67 % of all assessed points). The grinding traces,

in form of diagonal striations, have been interpreted as a technical aid which roughens the surface,
providing a better fixing to the shaft (PETILLON 2008). When these traces cover the full length of the basal
end, hafting is proposed to have been fixed (PETILLON 2008). This is the case with most of the assessable
points in the Strandvagen collection. Group 2 points have been interpreted as fork-like double-hafted
prongs. Group 5 points may also be interpreted as double-hafted prongs in analogy with a find of two leis-
ter points from Siretorp, Scania (FORNVANNEN 1913, 271 fig. 1). These points were found together, verti-
cally driven down into gyttja sediments, and, due to the position in which they were found as well as from
the similarities in shape, have been interpreted as double-hafted prongs (CLARK 1936, 121-122 fig. 46;
FORNVANNEN 1913, 271 fig. 1). The similarity of the basal ends of these points and those of group 5 points
makes it likely that leister points in this group were hafted in a similar manner, although the shape of the
barbs from the Siretorp leisters are very different from those at Motala. In turn this would suggest that
most or even all of the leister points from Motala indeed had a fixed hafting.

4.2 Harpoon heads

In addition to leister points there are further 14 finds of barbed points which have been interpreted as
parts of harpoons. Only five represent basal ends, with bases that enabled an easy removal from the shaft
so that a line could be applied between point and shaft. These basal ends consist of two distinct different
morphological types, one with a rounded base with oval cross-section and large notches, and a second
type with a shouldered base with one or two protuberances (Fig. 4). The notches were made by nicking,
creating one harpoon base with two slightly oblique notches and two bases with singular perpendicular
notches. A similar harpoon was recovered at Hylteberga in Scania (SHM:12716:1, FORNVANNEN 1906,
211 fig. 10), but a closer analogy is a harpoon found in the Baltic Sea during fishing at a depth of 44 m,
4 nautical miles west off the island Utklippan in Blekinge (BLM:24131, LARssoN 1999, figs. 2; 5). An-
other harpoon of this type was found during trenching at Lake Open in Linnds (OLM: 19716), only
some 70 km northeast of Motala. The harpoons with shouldered bases have protuberances resembling
Ertebelle harpoons of types C and D (ANDERSEN 1971, fig. 42a; JENSEN 2006, 190). The Strandvégen
bases exhibit flattened oval cross-sections and are deliberately shaped.

The remaining pieces (n = 9) consist of mid-sections and tips with large sparsely placed barbs. The
morphology of the barbs is generally triangular; however, two pieces exhibit more elongated and slightly
rhombic barbs. Both of these also display decorations in form of small perpendicular notches. These
fragments are very similar to the harpoon from Utklippan (LARssoN 1999), and closely resemble an
Ertebelle harpoon find from Ravnstrup mose in Denmark (ANDERSEN 1971, 88 fig. 16).

The harpoons are mostly made of red deer antler, except for one shouldered base find, one large
mid-section and one large tip, which are all made of elk bones. Three of the harpoons have been radio-
carbon dated (collagen), two made of antler (including one item from Kanaljorden) and one made of
bone (Table 4). The two antler harpoons date to an early phase, c. 5700-5500 cal. BC (Ua-22966, 6745 +
55 BP, 5740-5550 cal. BC; Ua-51728, 6735 + 30 BP, 5720-5570 cal. BC), whereas the bone harpoon with
the shouldered base dates to around 5000 cal. BC (Ica-15B/1258, 6100 + 40 BP, 5210-4910 cal. BC).

4.3 Plain bone points
Plain bone points from Strandvigen are represented by 180 finds, either as fragments or as more or less

intact points. As a common type of bone points in Mesolithic inventories, they appear in various sizes.
In general, the points from Strandvégen are thin and straight with circular to oval or slightly rectangular
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Table 4. Different types of bone points (other than leister points, see Table 3), with general descriptions and radiocarbon dates.

Type Group/description g‘;::il:ti Comment 1“C age BP 9 S.CZI"./onE:)b. Lab.-no.
Harpoon 14
Rounded base, oval 3
lcaf;’gs':rfzfgloef; with Utklippan, Blekinge 7440 + 130 6600-6000  LuA-4418
Shouldered base, 2
with one or two F12831 610040  5210-4910  Ica-15B/1258
protuberances
Not grouped F11698 6745 + 55 5740-5550 Ua-22966
F3645 (Kanaljorden) 6735 + 30 5720-5610 Ua-51728
Plain point 180
Thin, straight; with
circular to oval or F1485 6419+44  5480-5320  Ua-52407
slightly rectangu-
lar cross-section,
pointed or flattened F1696 5929 +35  4910-4710 Ua-52409
bases
Bullet-like- 6
arrowhead, with F687 6250 £40  5320-5060  Ica-15B/1268
short tapered base
Slotted point 43
Bi-lateral 21
F1911 (Kanaljorden) 6868 + 37 5840-5670 Ua-42644
F425 6620 + 40 5630-5480 Ua-29751
F656 6470 + 44 5510-5330 Ua-31962
F1467 6437 + 40 5480-5320 Ua-30870
F1678 6395 £ 50 5480-5300 Ua-31964
Uni-lateral 8
F1705 (bi-lateral, modified) 6026 + 36 5020-4800 Ua-52410
F1706 5913 + 38 4900-4700 Ua-31965
F1726 5753 + 36 4710-4500 Ua-31966
Uni-lateral with 1
notches F1469 8106+ 46  7310-6840 Ua-30871
Not grouped F1643 6694 + 43 5710-5530 Ua-31963
Slotted dagger  (Bi-lateral) 8
F1910 (Kanaljorden) 6904 + 42 5890-5710 Ua-42643
F451 6672 + 46 5670-5510 Ua-29753
F1727 6687 + 37 5670-5530 Ua-52411

cross-sections and pointed or flattened bases (Fig. 5d; cf. GALINsk1 2013, fig. 2). The collection also
includes six finds of small bullet-like arrowheads with short tapering or squat pointed bases (Fig. 5¢;
GALINSKI 2013, fig. 2.6). Many of the plain points show traces of resin for hafting on their basal ends. The
plain points are mainly interpreted as projectiles, but could also represent mid-points for leisters, hafted
in combination with double or multiple leister prongs. In comparison with, for example, finds from the
Lubana collection many of the largest points could also have served as spearheads (cf. VANKINA 1999,
figs. XXXII-XXXIII), being used as fish-spears along the riverbed.
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Only three plain bone points from Motala have been radiocarbon dated, two on resin and one on bone
collagen (Table 4). The results span the entire chronological sequence. One complete bone point with a
slightly rectangular cross-section is dated to 6419 + 44 BP, 5480-5320 cal. BC (Ua-52407); it is the oldest
one of the dated points. The youngest item is a point with a round cross section, dated to 5929 + 35 BP,
4910-4710 cal. BC (Ua-52409). One of the smaller bullet-like arrowheads was dated to the centuries
before 5000 cal. BC and represents a middle date: 6250 + 40 BP, 5320-5060 cal. BC (Ica-15B/1268).

44 Arrowheads and spearheads

There are a few types (n = 8) of arrowheads present in the collection from Strandvégen. Four more or less
complete blunted (club-shaped) arrowheads made of antler tines, with round cross-sections, have been
recovered (Fig. 6a). These are very similar to Russian finds (cf. ZHILIN 1998, 162 fig. 14.5), which are inter-
preted as projectiles for hunting birds or fur-bearing animals. Further three fragments derive from distal
ends (tips) of arrowheads with rhombic cross-sections, further accentuating eastern (or possibly northern)
connections (Fig. 6d). A notched arrowhead should also be mentioned, which is very similar to the oldest
slotted point in the collection (see below). This bone point, however, has a slightly more irregular appear-
ance, measuring c. 76.5 mm in length, with a broken tip and displaying a triangular and flattened cross-sec-
tion and short tapered base (Fig. 6¢). The point shows small, irregular, closely spaced perpendicular notches
on the distal half (towards the tip) of one longitudinal side.

The spearheads from Strandvagen (n = 16) are of three different types; however, none have been dated
so far. In BERGSTRAND’s study (2005; table 2) a further 21 “pointed bone pieces’ were discussed. Finds
of this group appear to be heterogeneous and crudely cut; they were interpreted as plain bone points
intended for leister fishing. Two of these yielded dating results later than 5000 cal. BC, and, consequently,
coarse bone points without barbs were proposed to have successively replaced the barbed points. All of
these finds have been re-examined and were reclassified mainly as chisels or awls, and in some cases even as
production waste or just unworked bones. This makes the interpretation of the coarse bone points as fish-
ing instruments inaccurate. Nonetheless, one artefact is indeed a complete finely worked long slender bone
spearhead without barbs, entirely similar to the more recent finds. None of these spearheads have barbs or
notches, and all show flat oval cross-sections (Fig. 6e). One find exhibits an incised groove on one of the
lateral edges. Almost all have broken tips or show other signs of impact damage.

A second type is represented by three broken tips with bi-laterally finely notched edges (Fig. 6b). One
has incised grooves along the lateral edges and a slightly triangular cross-section, closely resembling a find
recovered at Zvejnieki II, Latvia (ZAGORSKA 1974, 30 fig. 4.14). The third type is represented by one almost
complete point with a rhombic cross-section, a short tapered tang and a long broadened point, show-
ing four widely spaced notches on the lateral sides (Fig. 6f). This point is interpreted as a spearhead, but
could also represent a large arrowhead, as it resembles finds of both spear- and arrowheads from Lake
Lubana (VANKINA 1999, 93; 95; 154 fig. XXXIX.1, 3; LXVII) and an arrowhead from Eggvena, Sweden
(GAM:47564, MONTELIUS 1917, 7 fig. 66). The find from Eggvena was recovered together with a bi-laterally
slotted bone point with flint inserts (MONTELIUS 1917, 7 fig. 66, GAM:47565).

4.5 Slotted bone points

Slotted bone points are represented by 43 finds from Strandvégen, either as bi-lateral (n = 21) or uni-
lateral points (n = 9). 13 fragments were too small or damaged to be classified. Basal ends are predominantly
pointed or slightly flattened, often with traces of resin or other traces of hafting. Most cross-sections are
rounded, though several points with slightly flattened cross-sections are also recognised (Fig. 5a). In gen-
eral, the grooves for inserts extend over more or less the full length of the narrowed sides of the points.
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Fig. 5. Slotted and plain bone points
from Strandvagen, Motala:
a - uni-laterally slotted point with
a single remaining insert of flint
(left), bi-laterally slotted point
with damaged inserts of mylonitic
quartz (right), both tips are bro-
ken; b - uni-laterally slotted point
with small perpendicular notches
and short tapered base, no remaining
inserts, the tip is broken; ¢ - small
bullet-like arrowheads with short
tapering bases; d - various sizes of
straight plain bone points, circular to
oval cross-sections with pointed or
flattened bases (photos and graphics
P. Zetterlund, Swedish National His-
torical Museums).

One exception could be a slotted
point from burial 03 (KNUTSSON
et al. 2016, figs. 6-7; 11), though
here only the very tip of the bone
point is preserved and it is there-
fore not possible to reconstruct
its exact shape. Due to the size
and width of the quartz insert it
is further possible that this point
could be interpreted as a knife
or dagger instead. Further seven
fragmented slotted daggers or
knives and one almost complete
item with incised decoration
(MoLIN et al. 2014, fig. 3) have
been recovered at the site.

The oldest bone point in the
collection is a small uni-laterally
slotted arrowhead, with one side
slotted and the other one show-
ing small perpendicular notch-
es, spaced in groups (Fig. 5b).
This is the only slotted point
from Motala with notches. The
point has a short tapered base
and shows small incised grooves along the notched edge. It measures approximately 92 mm in length with a
slightly damaged tip. It is notably old in the Strandvagen collection, dated to 8106 + 46 BP, 7310-6840 cal. BC
(Ua-30871) and belongs to the earliest phase of the settlement. The point closely resembles finds from the Bal-
tic, for example from Kunda-Lammasmigi, Estonia (No. 1579:12, collection at University of Tartu) and from
Lake Lubana in Latvia (e.g. A10519:1815, National History Museum of Latvia, VANKINA 1999, 79 fig. XXIX.2).
This notched attribute can also be seen on a narrow bi-laterally slotted point from Bussjé mosse in Scania,
with fine oblique notches on one side (SHM:13075, CLARK 1936, plate V.6).
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In total 13 slotted bone tools have been radiocarbon dated (including two finds from Kanaljorden); all
were dated on traces of resin from slots or basal ends (Table 4). Three of these items are interpreted as dag-
gers or knives. All six dated bi-lateral points derive from between 5800-5300 cal. BC, but two uni-lateral
points are dated much later, between 4900-4500 cal. BC. The exception is one bi-lateral point with two
slots still filled with resin. Only one slot, however, has imprints of inserts. The other slot appears to have
never been used, as it is completely filled with resin without imprints, thus creating a point with only one
cutting edge. This point is dated to 6026 + 36 BP, 5020-4800 cal. BC (Ua-52410), i.e. to approximately the
same period as the other uni-lateral points. These late radiocarbon dates for slotted points are notewor-
thy in comparison to other dated slotted tools from the Mesolithic. The dates also seem to indicate a shift
from bi-lateral to uni-lateral points around 5000 cal. BC. Previously, LARssSON (1978) also suggested that
uni-lateral points occur during the final phase of the Late Mesolithic in southern Sweden.

5  Deposition and spatial patterns

At Strandviagen the occupation layers from the settlement extend into the backwater of Motala Strom.
Bone tools were recovered from an excavation area of approximately 7000 m?, including both dry and
submerged stratigraphies (Table 1). The occupation layers on land cover the larger part of this area, and
52 % of the identified bone tool fragments have been recovered from dry stratigraphy. The find frequency,
on the other hand, is higher in the submerged areas, 0.7 compared to 0.36 finds per m* on land.

Fragmentation is generally high in the (unmodified) faunal remains, as 62 % of the fragments are
smaller than 2 cm in diameter. The fragmentation of bone tools, however, seems in general to be some-
what lower, as only 30 % of the bone tools are smaller than 2 cm. Not surprisingly, fragmentation is high-
er on land, specifically regarding bone tools, than in the submerged sediments (Table 5).

Burned fragments were mostly recovered from the dry occupation layers and display close spatial
relations to archaeological features, such as dwellings and hearths, correlating to different activity areas
of the site. The differences in fragmentation and find frequency affect the identification of different tool
types and the spatial distribution patterns. For example, specific tool types made of antler are almost
absent on land. This is most likely an effect of the fragmentation, as dry antler tends to fragment more
easily, causing problems during identification. Other tool types seem to occur more commonly on land,
e.g. plain bone points, needles and personal ornaments. Caution, however, is called for, as a high level of
fragmentation might cause several scattered pieces of the same broken tool to be interpreted as different
finds.

Some general patterns of spatial distribution are, however, recognisable. Barbed points were most
commonly found underwater, and 74 % of the points were recovered from submerged sediments, several
in situ in a vertical position in the sediments (Fig. 1b). Fracture patterns and impact damages indicate
that points were mostly broken during usage. Many points demonstrate fractures on the mid-section
in transition to the base; 53 % of the basal fragments show fresh fractures towards the missing barbed
mid-section and tip. Of the barbed tips 49 % exhibit fresh fractures towards the basal end of the point
(Fig. 2), and of the pointed tips 44 % show impact damages observed as crush-marks or as small negative
flake scars. Nonetheless, 113 pieces were recovered from dry occupation layers. The many fragments
from the settlement could probably testify to the process of re-hafting points and of re-shaping and a
re-use of broken points. It may be noted that identified re-used items were only recovered from sub-
merged sediments whereas flakes with modified surfaces were primarily recovered on land (only three of
38 flakes were recovered from submerged sediments). The numbers of finds within the eight identified
leister point groups are too low, which hinders a full spatial analysis, and thus no differences in spatial
distribution between the groups can be identified.
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Table 5. Fragmentation levels of bone tool fragments and unmodified faunal remains from dry vs. submerged stratigraphies
at Strandvagen, Motala. N.B. that only the Mesolithic faunal remains from Strandvégen excavated in 2009-2013 are included
(see GUMMESSON et al. 2017), and that teeth and burned fragments (bone and tools) have been excluded.

Tool fragments Faunal remains
Fragment . . . .
size Dry stratigraphy | Submerged sediments | Total | Dry stratigraphy | Submerged sediments | Total
NISP % NISP NISP % NISP NISP % NISP NISP % NISP
0-1cm 38 8 % 6 1% 44 1725 19 % 1238 18 % 2963
1-2cm 255 55 % 34 5% 289 5305 58 % 1684 24 % 6989
2-4 cm 140 30 % 105 16 % 245 1779 20 % 2309 34 % 4088
4-6 cm 16 3% 118 19% 134 196 2% 918 13% 1114
6-10 cm 14 3% 231 36 % 245 53 1% 543 8 % 596
>10cm 3 1% 148 23 % 151 12 0.1 % 178 3% 190
Total 466 642 1108 9070 6870 15,940

Plain bone points were, unlike barbed points, concentrated in occupation layers on land; they are,
however, mostly represented by fragments. Only 24 % of the plain points were recovered from sub-
merged sediments, but no less than 21 complete or almost complete points were recovered from sub-
merged sediments, including all small bullet-like arrowheads. A majority of the spearheads, 75 %, were
also recovered underwater. One was found positioned vertically in the gyttja (BERGSTRAND 2005, 66),
like many of the leister points. Slotted bone points were recovered both from the settlement and from the
submerged sediments, but were predominantly (70 %) recovered on land. Slotted bone daggers or knives
contrast this pattern as 88 % of these were recovered from submerged areas. No differences in spatial
distribution patterns can be identified between uni-laterally and bi-laterally slotted points. One slotted
point is also the only bone tool that has been recovered as a grave gift.

6 Discussion

In Motala a standardised bone tool production, dating to c. 5800-5000 cal. BC, has been identified. The
bone industry was mainly focused on leister points for fishing, and the two most common groups of leis-
ters were predominantly made of the dorsal part of red deer metatarsals. At Strandvégen, large quantities
of waste products also demonstrate a local on-site production. Strontium analyses of tooth enamel from
wild boar tusk-scrapers show that the raw material originated from local surroundings in the vicinity of
the site (ERIKSSON et al. 2018, fig. 8), which also supports a local production.

The results from 49 radiocarbon dated tools indicate a rather narrow time span of production and
use. We have attempted a typo-chronological analysis of barbed points, mainly based on morphological
traits on basal ends of leister points. Eight groups were identified (groups 1-8), and the radiocarbon data
indicate some chronological differences. The data also demonstrate that barbed points only occur before
c. 5000 cal. BC, and that plain and slotted points are represented throughout the whole chronological
sequence.

Group 1 represents the oldest leister-type used in Motala, dated to 5600-5500 cal. BC. Group 2 points
testify to leister fishing with curved double- or multi-hafted prongs, representing a type of leister used
throughout the whole chronological sequence, whereas group 5 points, also interpreted as once having
been multi-hafted leisters, are dated to the later part of the time period. Group 8 could possibly reflect a
technological change in raw material use after c. 5200 cal. BC, as these points are made of other, thinner
bones. Some of the artefacts within the identified groups ofleister points exhibit traces of diagonal grinding
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on their basal ends, testifying to a fixed hafting of points to the leister shaft. Many of the points were
recovered in situ in vertical position in the sediments at the bottom of the river, showing that the points
were deposited broken off as the leister was pushed deep into the gyttja. Considering the depositional
pattern of spearheads and the fact that one spear was recovered vertically in the submerged sediments, it
is likely that these implements also were used as barbless fishing spears.

No dated barbed points are later than 5000 cal. BC, suggesting that leister fishing with barbed points
ceased at this point. None of the mentioned (plain) spearheads have been dated, so the question whether
leister fishing was continued with this type of points is left unanswered. At the same time, c. 5000 cal. BC,
bi-laterally slotted points seem to have been replaced by uni-lateral points, also indicating a shift in the
utilisation of different bone tools. This shift is probably connected to an overall decline in settlement
activity at Motala. The decline is also seen in the utilised dwellings at Strandvédgen, were only one out of
five dated features was in use after 5000 cal. BC. Several other changes in human activities at Strandva-
gen also occur during this period, not least a change in burial practices. Of the excavated inhumation
burials, the latest one is dated to between 5200-4800 cal. BC, and only one other burial has been dated
to an even later period. This burial is instead a cremation pit from the time c. 4000 cal. BC. The fishing
in Motala Strom continued, however, probably by means of new technologies, as indicated by a bark net
float dated to after 4500 cal. BC. The use of fish weirs and wicker traps also continued. Five out of six
radiocarbon dates from the fishing station are earlier than 5200 cal. BC, and only one wicker trap is dated
later, around 4700 cal. BC, attesting to a continued but probably reduced intensity of fishing at the site
(MoLIN et al. in press).

The shift in the bone inventory also correlates to other tentatively observed patterns among the bone
tools. For example, a chronological shift in the morphology of basal ends of harpoons could be pro-
posed, even if the number of dated harpoons is low. Two different types of basal ends of harpoons have
been identified; notched ends and basal parts with protuberances. In analogy with the harpoon from
Utklippan, Blekinge, dated to 7440 + 130 BP, 6600-6000 cal. BC (LuA-4418), notched basal ends could
be suggested to have been replaced by shouldered bases, the latter occurring in Motala after the proposed
inventory shift. Other morphological differences on bone points could represent smaller chronologi-
cal changes. Small notches, for example, occur as decorative elements on arrowheads, spearheads and
leisters, where they possibly also acted as functional features for hafting the basal ends of the leister points.
Six items with notches have been dated, and the latest one is a leister point with notched barbs, dating
to 6570 + 47 BP (5620-5470 cal. BC [Ua-29750]). This characteristic trait, therefore, seems to date to an
earlier part of the settlement sequence.

The shift in material culture and the decrease in human activities do not correspond to changes in
the spatial organisation of the site. The differential fragmentation of bone tools (land vs. submerged
sediments) makes it precarious to draw conclusions about spatial patterns, as well as impossible to
evaluate the spatial distribution patterns of categories with few finds. If the hypothesis that bi-laterally
slotted points were replaced by uni-laterally slotted points is accepted, then the bi-lateral and uni-lateral
points can be compared in terms of being chronological markers. The spatial distribution of these two
types of points is however similar and no clear separation can be detected, showing that the chrono-
logical shift in morphology of the points is not reflected spatially. The fish traps dated to two different
chronological phases, one pre-dating and one post-dating the inventory shift, are also located in the same
area of the shore. This raises questions as to the nature of this development, the deposition of bone tools
and site-use continuity, as it seems that large parts of the site continued to function in a similar manner
though in reduced intensity.

The frequency of bone tools is higher in submerged sediments, and the fragmentation level is higher
on land. The differences in fragmentation, identification, and find frequencies thus need to be considered
when analysing the composition of the collection and comparing it with other Mesolithic collections.
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Fig. 6. Spear- and arrowheads from Strandvagen, Motala: a — blunted (club-shaped) arrowheads of antler tines, with round

cross-sections; b — broken tips of spears with bi-laterally notched edges; ¢ — notched arrowhead with a triangular and flattened

cross-section and short tapered base; d - fragments of arrowheads with rhombic cross-sections; e — bone spearheads with flat

oval cross sections; f — bone point with rhombic cross-section and a short tapered tang, the tip is broken (photos and graphics
P. Zetterlund, Swedish National Historical Museums).




In both a regional and interregional context Motala represents a chronological period and a geographical
area from which only few larger collections of bone tools are known. The discontinuation of the use of
barbed leister points at Motala is, however, a phenomenon that appears to mirror similar circumstances
in other areas, but with a slight temporal shift. In the Baltic region, for example, fishing spears do not
occur during the Late Mesolithic period (ZAGORska 1992). Interestingly, the shift in bone tool inven-
tories in the Baltic region seems to parallel a shift in the diet, occurring at c. 5600 cal. BC. Prior to this
people appear to have targeted high trophic level aquatic species, and at c. 5600 cal. BC a transition
to a more broadly based diet occurs (MEADOWS et al. 2018). In Motala, no unburned human remains
postdate the inventory shift at c. 5000 cal. BC, and therefore a similar correlating shift in diet cannot be
verified.

7 Conclusions

A large collection of osseous tools dating from the Late Mesolithic and unique to the region have been re-
covered at Motala, Sweden. The tool collection and associated waste products offer new insights into the
production and utilisation of bone tools. The presented data suggest a chronological change in the bone
tool inventory at Strandvégen at c. 5000 cal. BC, recognised in the discontinuation of the use of barbed
leister points, a possible shift from bi-laterally to uni-laterally slotted points as well as a corresponding
decrease or change in human activities on the site.

Morphological differences among the barbed points may be interpreted as results of smaller chrono-
logical changes, as well as the abandonment of small notches as a functional or decorative element on
bone points. This paper has demonstrated a nuanced picture of differences among bone points from a
rather narrow chronological sequence and may hopefully provide a basis for further in-depth studies.

Acknowledgements

We would like to thank Fredrik Hallgren, The Culture Heritage Foundation, for allowing us to use the
radiocarbon data from Kanaljorden. We would also like to thank Peter Zetterlund, Swedish National
Historical Museum, for detailed photography.

Museums and referenced collections

Estonia

Kunda: Archaeology Museum at the Institute of History of Tallinn University, Ruiitli 6, Tallinn; Univer-
sity of Tartu, Jakobi 2-206, Tartu

Latvia
Lubana and Zvejnieki II: National History Museum of Latvia, Lac¢plésa iela 106/108, Riga

Sweden

BLM, Blekinge Museum, Borgmastaregatan 21, 371 35 Karlskrona
GAM, Goteborgs stadsmuseum, Norra Hamngatan 12, 411 14 Goteborg
SHM, Statens historiska museum, Storgatan 41, 114 84 Stockholm
OLM, Orebro lins museum, Engelbrektsgatan 3, 702 12 Orebro

282



REFERENCES

ANDERSEN 1971: S. H. ANDERSEN, Ertebollekulturens harpuner. Kuml 1971, 73-125.

BERGSTRAND 2005: T. BERGSTRAND, Leister fishing in Motala Strém during the Atlantic period. In: G. GRUBER (ed.), Identities
in Transition, Mesolithic Strategies in the Swedish province of Ostergotland (Linkdping 2005) 54-75.

BrRONK RaMSEY 1995: C. BRONK RAMSEY, Radiocarbon calibration and analysis of stratigraphy: The OxCal Program. Radiocar-
bon 37 (2), 1995, 425-430.

BroONK RaMsEY 2001: C. BRONK RaMsEy, Development of the radiocarbon program OxCal. Radiocarbon 43(2A), 2001, 355-
363.

BRONK RaMSEY 2005: C. BRONK RaMsEy, OxCal v3.10. http://c14.arch.ox.ac.uk/oxcal3/oxcal.htm (accessed 09/2016).

CARLSSON 2008: T. CARLSSON, Where the River Bends — Under the Bough of Trees (Linkoping 2008).

CLARK 1936: J. G. D. CLARK, The Mesolithic Settlement of Northern Europe. A Study of the Food-Gathering Peoples of
Northern Europe during the Early Post-Glacial Period (London 1936).

Davip 2007: E. Davip, Technology on Bone and Antler Industries: A Relevant Methodology for Characterizing Early
Post-Glacial Societies (9th-8th Millenium BC). In: C. GATES ST. PIERRE/R. B. WALKER (eds.), Bones as Tools: Current
Methods and Interpretations in Worked Bone Studies. BAR Intern. Ser. 1622 (Oxford 2007) 35-50.

Davip 2008: E. Davip, Principes de [étude technologique des industries osseuses et critéres de diagnose des techniques méso-
lithiques. Cours de trois heures du Séminaire de technologie osseuse de I'Université Paris X Nanterre (HMEPR202), 05/06
mars 2007, Maison Archéologie et Ethnologie (MAE): https://cel.archives-ouvertes.fr/cel-00129410 (accessed 07.02.2018).

Davip et al. 2015: E. Davip/S. McCARTAN/E. MoLIN/P. WooDpMANN, ‘Fishing” Mesolithic settlement-subsistence systems using
notions of economy of debitage and raw material toward production of bone points. In: N. BicaHo/C. DETRY/T. D. PRICE/
E. CunHA (eds.), Muge 150th. The Anniversary of the Discovery of Mesolithic Shellmiddens 2 (Newcastle upon Tyne 2015)
173-188.

ERIKSSON et al. 2018: G. ER1kssON/K. M. FREI/R. HOWCRAFT/S. GUMMESSON/F. MoLIN/K. LIDEN/R. FREI/F. HALLGREN, Diet
and mobility among Mesolithic hunter-gatherers in Motala (Sweden) - the isotope perspective. Journal of Archaelogical
Science: Reports 17, 2018, 904-918: http://dx.doi.org/10.1016/j.jasrep.2016.05.052

FORNVANNEN 1906: Tillvixten under ar 1906. Fornvinnen 1906, 15-328.

FORNVANNEN 1913: Tillvaxten under &r 1913. Fornvdnnen 1913, 17-316.

JENSEN 2006: J. JENSEN, Danmarks Oldtid. Stenalder 13.000-2.000 f.Kr. (Kgbenhavn 2006).

GALINSKI 2013: T. GALINsKI, Typological, chronological and cultural verification of Pleistocene and Early Holocene bone and
antler harpoons and points from the Southern Baltic Zone. Przeglad Archeologiczny 61, 2013, 93-144.

GUMMESSON 2018: S. GUMMESSON, Points on Production. Taphonomic research on Mesolithic osseous assemblages in Sweden.
Theses and Papers in Osteoarchaeology 9 (Stockholm 2018).

GUMMESSON/MOLIN 2016: S. GUMMESSON/FE. MoLIN, The Mesolithic cemetery at Strandvdgen, Motala, in eastern central
Sweden. In: J. M. GRUNBERG/B. GRAMSCH/L. LARSSON/]. ORSCHIEDT/H. MELLER (eds.), Mesolithic Burials - Rites, Symbols
and Social Organisation of early Postglacial Communities. International Conference Halle (Saale), Germany, 18th-21st
September 2013. Tagungen des Landesmuseums fiir Vorgeschichte Halle 13/1 (Halle/Saale 2016) 145-159.

GUMMESSON et al. 2017a: S. GUMMESSON/]. KARLssON/H. KIVIKERO/O. MAGNELL/]. STORA, Osteologisk analys av djurben fran
Strandvigen. Osteoarchaeological Research Laboratory, Stockholm University: Rapport OFL 2017.4. Unpublished report
(Stockholm 2017).

GUMMESSON et al. 2017b: S. GUMMESssON/E. MOLIN/]. STORA, Taphonomy, bone surface characteristics and assemblage history.
Finding Mesolithic bone depositions at Strandvégen, Motala. Journal of Archaeological Science: Reports 13, 2017, 11-25.

HAGBERG/WESTERMARK 2015: L. HAGBERG/A. WESTERMARK, Material Culture and Mesolithic Actions in Space: Results of the
Spatial Analysis of the Verkstadsvégen Site in Motala. In: N. BicaHo/C. DETRY/T. DouGLAs PRICE/E. CUNHA (eds.), Muge
150th. The Anniversary of the Discovery of Mesolithic Shellmiddens 2 (Newcastle upon Tyne 2015) 219-234.

283



HALLGREN/FORNANDER 2016: F HALLGREN/E. FORNANDER, Skulls on stakes and skulls in water. Mesolithic mortuary
rituals at Kanaljorden, Motala, Sweden 7000 BP. In: J. M. GROUNBERG/B. GRAMSCH/L. LARSSON/J. OrsCHIEDT/H. MEL-
LER (eds.), Mesolithic Burials — Rites, Symbols and Social Organisation of early Postglacial Communities. International
Conference Halle (Saale), Germany, 18th-21st September 2013. Tagungen des Landesmuseums fiir Vorgeschichte Halle 13/1
(Halle/Saale 2016) 161-174.

HALLGREN 2017: F. HALLGREN, From “lithics only” to “skulls on stakes”. On the importance of wetland sites in rescue archaeol-
ogy and research. In: M. SORENSEN/K. B. PEDERSEN (eds.), Problems in Palaeolithic and Mesolithic Research (Copenhagen
2017) 137-148.

JOHNSON 1985: E. JoHNSON, Current Developments in Bone Technology. Advances in Archaeological Method and Theory 8,
1985, 157-235.

KNuTssoN et al. 2016: H. KNuTssoN/K. KNUTssON/F. MOLIN/P. ZETTERLUND, From Flint to Quartz: Organization of lithic
technology in relation to raw material availability during the pioneer process of Scandinavia. Quaternary International 424,
2016, 32-57.

LARSSON 1978: L. LARSSON, Mesolithic Antler and Bone Artefacts from Central Scania. Meddelanden fran Lunds universitets
historiska museum 1976/1977, 1978, 28-67.

LARSSON 1999: L. LarssoN, En hjorthornsharpun fran éldre stendlder. Ett fynd vid Utklippan pa fyrtio meters djup. In:
A. WERDENFELDTS (ed.), Blekingeboken 1998 (Karlskrona 1999) 9-16.

LARSSON/MOLIN 2017: L. LARssON/E. MoLIN, Symbols in the Late Mesolithic. Ornaments on bone and antler from Strandvégen,
Motala, in Central Sweden. In: M. MARGARIT/A. BORONEANT (eds.), From Hunter-Gatherers to Farmers. Human Adaptations
at the End of the Pleistocene and the First Part of the Holocene. Papers in Honour of Clive Bonsall (Targoviste 2017) 395-408.

LOuGAs2006: L. LouGas, Animals as subsistence and the bones as raw material for settlers of prehistoric Zvejnieki. In: L. LARSSON/
I. ZARGORSKA (eds.), Back to the Origin. New Research in the Mesolithic-Neolithic Zvejnieki Cemetery and Environment,
Northern Latvia. Acta Archaeologica Lundensia, series in 8°, N° 52 (Lund 2006) 75-89.

LyMAN 1994: R. L. LyMAN, Vertebrate Taphonomy (Cambridge 1994).

MEADOWS et al. 2018: . MEADOWS/V. BERZINS/D. LEGzDINA/H. LUBKE/U. SCHMOLCKE/I. ZAGORSKA/G. ZARINA, Stone-age
subsistence strategies at Lake Burtnieks, Latvia. Journal of Archaeological Science: Reports 17, 2018, 992-1006. http://
dx.doi.org/10.1016/j.jasrep.2016.03.042

MOLIN et al. 2014: E MOLIN/G. GRUBER/L. HAGBERG, Motala - a North European Focal Point? In: E RIEDE/M. TALLAVAARA
(eds.), Lateglacial and Postglacial Pioneers in Northern Europe. BAR Intern. Ser. 2599 (Oxford 2014) 91-102.

MoLIN et al. in press: E. MoLIN/L. HAGBERG/A. WESTERMARK, Living by the shore: Mesolithic dwellings and household in
Motala, eastern central Sweden, 5600-5000 cal BC. Journal of Archaeological Science: Reports. https://doi.org/10.1016/j.
jasrep.2017.10.022

MONTELIUS 1917: O. MONTELIUS, Minnen frdn var forntid (Stockholm 1917).

OuTrAM 2001: A. OUTRAM, A new approach to identifying bone marrow and grease exploitation: why the indeterminate
fragments should not be ignored. Journal of Archaeological Science 28, 2001, 401-410.

PETILLON 2008: J.-M. PETILLON, Des Barbelures pour quoi faire? Réflexions préliminaires sur la function des pointes barbelées
du Magdalénien supérieur. Palethnologie 2008 (1), 69-101.

POSSNERT/PETTERSSON 2016: G. POSSNERT/E. PETTERSSON, Resultat av 14C datering av harts fran Strandvigen, Motala,
Ostergétland. Unpublished report, Uppsala Universitet, 2016-02-02 (Uppsala 2016).

REIMER et al. 2004: P. J. REIMER/M. G. L. BAILLIE/E. BARD/A. BayLIiss/]. W. BEck/C. BERTRAND/P. G. BLACKWELL/C. E. Buck/
G.BURR/K.B.CUTLER/P.E.DAMON/R.L.EDWARDS/R.G.FAIRBANK/M. FRIEDRICH/T.P. GUILDERSON/K. A. HUGHEN/B.KROMER/
F. G. McCorMAC/S. MANNING/C. BRONK RAMSEY/R. W. REIMERS/S. REMMEL/]. R. SOUTHON/M. STUIVER/S. TALAMO/
F. W. TAYLOR/]. VAN DER PLICHT/C. E. WETHENMEYER, IntCal04 Terrestrial Radiocarbon Age Calibration, 0-26 cal kyr BP.
Radiocarbon 46, 2004, 1029-1058.

VANKINA 1999: L. VANKINA, The Collection of Stone Age Bone and Antler Artefacts from Lake Lubana (Riga 1999).

Voruz 1984: J. Voruz, Outillage osseux et dynamisme industriel dans le Néolithique jurassien. Cahier d’archéologie romande
29 (Lausanne 1984).

284



ZAGORSKA 1974: I. ZAGORSKA, Vidéja akmens laikmeta zivju $képi Latvija. In: E. MUGUREVICS/A. STUBAVS/F. ZARGIRSKIS

(eds.), Arceologija un Entografija XI (Riga 1974) 25-38.

ZAGORSKA 1992: I. ZAGORSKA, The Mesolithic in Latvia. Acta Archaeologica 63, 1992, 97-117.
ZHILIN 1998: M. G. ZHILIN, Technology of the Manufacture of Mesolithic Bone Arrowheads on the Upper Volga. European

Journal of Archaeology 1 (2), 1998, 149-176.

ABERG 1913: N. ABERG, Kalmar lins Stenalder. Meddelanden fran Kalmar lans fornminnesforening (Kalmar 1913).

Sara Gummesson

Osteoarchaeological Research Laboratory
Department of Archaeology and Classical Studies
Stockholm University

Wallenbergslaboratoriet

106 91 Stockholm

Sweden

sara.gummesson@ofl.su.se

Fredrik Molin

National Historical Museums
Roxengatan 7

582 73 Linkoping

Sweden

fredrik. molin@arkeologerna.com

285



APPENDIX

Appendix 1. Previously unpublished radiocarbon dates from Strandvigen. * = standard value.

Site Lab.-code BP + Material/Sample 813C%0 VPDB Context  Comment Find No.
Strandvagen  Ua-30871 8106 46 Resin -30.2 A3037 Slotted bone point F1469
Strandvagen  Ua-31963 6694 43 Resin -26.4 A1305 Slotted bone point F1643
Strandvigen ~ Ua-52411 6687 37 Resin -28.8 A3037 Slotted dagger F1727
Strandvagen ~ Ua-31962 6470 44 Resin -26.3 A1305 Slotted bone point F656
Strandvigen  Ua-52408 6454 41 Resin -252 A3037 Chisel F1677
Strandvagen  Ua-30870 6437 40 Resin -29.5 A3037 Slotted bone point F1467
Strandvagen Ua-52407 6419 44 Resin -27.7 A3037 Plain bone point F1485
Strandvdgen  Ua-31964 6395 50 Resin -26.6 A1305 Slotted bone point F1678
Strandvigen ~ Ua-52410 6026 36 Resin -25%* A26000  Slotted bone point F1705
Strandvigen  Ua-52409 5929 35 Resin -25% A3037 Plain bone point F1696
Strandvigen ~ Ua-31965 5913 38 Resin -27.5 A26000  Slotted bone point F1706
Strandvigen ~ Ua-31966 5753 36 Resin -27.7 A3037 Slotted bone point F1726
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Appendix 2. Published radiocarbon dates from the investigated sites.

Site Lab.-code BP +  Material/Sample Reference Context Comment Find No.
Strandviagen Ua-22966 6745 55  Cervidae (antler) CARLSSON 2008 A3037 (A1627) Harpoon F11698
Strandvigen Ua-22969 6590 60  Large ungulate (bone) CARLSSON 2008 A3037 (A1627) Awl F12422
Strandvidgen Ua-22962 6570 65  Cervus elaphus (bone) CARLSSON 2008 A3037 (A1627)  Leister point F8868
Strandviagen Ua-22968 6470 55  Large ungulate (bone) CARLSSON 2008 A3037 (A1627) Leister point F12421
Strandvdgen Ua-22965 6290 70  Cervus elaphus (bone) CARLSSON 2008 A3037 (A1627)  Leister point F11675
Strandviagen Ua-22960 6040 69  Cervus elaphus (bone) CARLSSON 2008 A3037 (A1626)  Chisel F8721
Strandviagen Ua-22964 5770 50  Cervus elaphus (antler) CARLSSON 2008 A3037 (A1626) Adze F9531
Strandviagen Ua-22967 5710 50  Capreolus capreolus (antler) ~ CARLSSON 2008 A3037 (A1627)  Antler club F11890
Strandviagen Ua-22961 5660 65  Cervus elaphus (antler) CARLSSON 2008 A3037 (A1626) Pressure flaker F8867
Strandvdgen Ua-22963 5660 50  Cervus elaphus (bone) CARLSSON 2008 A3037 (A1626) Unident. tool F8884
Kanaljorden Ua-51727 6806 30  Large ungulate (bone) ERIKSSON et al. 2018 Bone point/leister 3640
Kanaljorden Ua-51728 6735 30  Cervus elaphus (antler) ERIKSSON et al. 2018 Harpoon 3645
Kanaljorden Ua-51729 6646 31  Large ungulate (bone) ERIKSSON et al. 2018 Bone leister 3661
Kanaljorden Ua-51726 6611 30  Cervus elaphus (bone) ERIKSSON et al. 2018 Bone leister 3642
Strandviagen Ua-29759 6826 91  Large ungulate (bone) GUMMESSON et al. 2017b A1305 Leister point F606
Strandviagen Ua-29764 6795 92 Cervus elaphus (bone) GUMMESSON et al. 2017b A1305 Awl F634
Strandvidgen Ua-29753 6672 46  Resin MoLIN et al. 2014 A1305 Slotted dagger F451
Strandvigen Ica-15B/1263 6640 40  Large ungulate (bone) GUMMESSON et al. 2017b A1306 Leister point F500
Strandvdagen Ua-29751 6620 40  Resin DavID et al. 2015 A3037 Slotted bone point F425
Strandviagen Ua-29750 6570 47  Large ungulate (bone) GUMMESSON et al. 2017b A1307 Leister point F416
Strandviagen Ua-29755 6561 87  Cervus elaphus (antler) MoLIN et al. 2014 A1305 Figurative object F454
Strandviagen Ica-15B/1265 6560 40  Alces alces (bone) GUMMESSON et al. 2017b A3037 Leister point F1553
Strandvidgen Ua-29752 6514 66  Cervus elaphus (antler) GUMMESSON et al. 2017b A1305 Pressure flaker F429
Strandviagen Ua-29757 6433 45  Large ungulate (bone) GUMMESSON et al. 2017b A1304 Leister point F471
Strandvidgen Ica-15B/1264 6430 40  Cervus elaphus (bone) GUMMESSON et al. 2017b A3037 Leister point F1453
Strandvagen Ica-15B/1269 6360 40  Large ungulate (bone) GUMMESSON et al. 2017b A1305 Leister point F1753
Strandvdgen Ica-15B/1259 6260 40  Cervus elaphus (bone) GUMMESSON et al. 2017b A3037 Leister point F3986
Strandviagen Ua-29765 6258 182  Cervus elaphus (antler) GUMMESSON et al. 2017b A1305 Antler club F636
Strandvigen Ica-15B/1268 6250 40  Large ungulate (bone) GUMMESSON et al. 2017b A1305 Plain bone point F687
Strandvidgen Ua-29758 6243 75  Large ungulate (bone) GUMMESSON et al. 2017b A1305 Leister point F507
Strandviagen Ica-15B/1267 6210 40  Cervus elaphus (bone) GUMMESSON et al. 2017b A3037 Leister point F1624
Strandvigen Ua-29754 6204 40  Cervus elaphus (antler) GUMMESSON et al. 2017b A1305 Antler shaft F453
Strandvagen Ica-15B/1260 6190 40  Cervus elaphus (bone) GUMMESSON et al. 2017b A49515 Leister point F47880
Strandvigen Ica-15B/1266 6170 40  Cervus elaphus (bone) GUMMESSON et al. 2017b A3037 Leister point F1556
Strandvagen Ica-15B/1258 6100 40  Alces alces (bone) GUMMESSON et al. 2017b A1304 Harpoon head F12831
Kanaljorden Ua-42643 6904 42  Resin HALLGREN 2017 Slotted knife 1910
Kanaljorden Ua-42644 6868 37  Resin HALLGREN 2017 Slotted bone point 1911
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