
HAL Id: halshs-00825891
https://shs.hal.science/halshs-00825891

Submitted on 24 May 2013

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Arrowheads from the Santa Cruz Islands (Temotu,
Solomon Islands): design, raw material, and how they

are linked
Jean-Marc Pétillon, Aurore Lemoine, Katharina Müller, Ina Reiche

To cite this version:
Jean-Marc Pétillon, Aurore Lemoine, Katharina Müller, Ina Reiche. Arrowheads from the Santa Cruz
Islands (Temotu, Solomon Islands): design, raw material, and how they are linked. 8th Meeting of
the ICAZ Worked Bone Research Group, 2011, Salzburg, Austria. pp.203-216. �halshs-00825891�

https://shs.hal.science/halshs-00825891
https://hal.archives-ouvertes.fr


ARCHÆO
Plus

Schriften zur Archäologie und Archäometrie 
der Paris Lodron-Universität Salzburg

Band 5

Proceedings of the

8th Meeting of the ICAZ Worked Bone Research Group 

in Salzburg 2011

The Sound of Bones



The Worked Bone Research Group in Salzburg
31 August 2011

Alte Residenz, Salzburg, Austria

WBRG Publications
1997 – 1st meeting – London (United Kingdom)
Riddler I. (ed.) 2003: Materials of Manufacture: The Choice of Materials in the Working of Bone and Antler  

in Northern and Central Europe During the First Millennium AD. British Archaeological Reports,  
International Series 1193. Oxford. 

1999 – 2nd meeting – Budapest (Hungary)
Choyke A.M. / Bartosiewicz L. (eds.) 2001: Crafting Bone: Skeletal Technologies through Time and Space – 

Proceedings of the 2nd meeting of the (ICAZ) Worked Bone Research Group Budapest, 31 August – 
5 September 1999. British Archaeological Reports, International Series 937. Oxford 

2003 – 4th meeting – Tallinn (Estonia)
Luik H. / Choyke A.M. / Batey C. / Lougas L. (eds.) 2005: From Hooves to Horns, from Mollusc to Mammoth 

– Manufacture and Use of Bone Artefacts from Prehistoric Times to the Present –Proceedings of the 4th 
Meeting of the ICAZ Worked Bone Research Group at Tallinn, 26th–31st of August 2003. Muinasaja teadus 
15. Tallinn 

2007 – 6th meeting – Paris (France)
Legrand-Pineau A. / Sidéra I. / Buc N. / David E. / Scheinsohn V. (eds.) 2010: Ancient and Modern Bone 

Artefacts from America to Russia. Cultural, technological and functional signature. British Archaeological 
Reports, International Series 2136. Oxford 

2003 – 7th���������	�
��
������������
Baron J. / Kufel-Diakowska B. (eds.) 2011: Written in Bones. Studies on technological and social context of 

������������������������������
��
����



Schriften zur Archäologie und Archäometrie
an der Paris Lodron-Universität Salzburg

Band 5

 

Herausgeber der Reihe:

 Jan Cemper-Kiesslich
 Volker Höck
 Felix Lang
 Stefan Traxler
 Edith Tutsch-Bauer
 Christian Uhlir
 Michael Unterwurzacher
 Wolfgang Wohlmayr



 The Sound of Bones

edited by:

Felix Lang

Salzburg 2013

Proceedings of the 8th Meeting of the ICAZ Worked Bone Research Group 
in Salzburg 2011



Impressum

ArchaeoPlus – Schriften zur Archäologie und Archäometrie an der Paris Lodron-Universität Salzburg
Band 5

Herausgegeben von:
Felix Lang

Salzburg 2013

ISBN 978-3-9502897-5-6

Im Eigenverlag: c/o Universität Salzburg, Fachbereich Altertumswissenschaften, Residenzplatz 1, 5020 Salzburg, Österreich. 
Tel.: ++43-(0)662-8044-4550, archaeometrie@sbg.ac.at, www.archaeoplus.sbg.ac.at

Für den Inhalt der Beiträge und die Einholung von Bildrechten sind die Autoren verantwortlich.

Redaktion und Satz: Ulrike Höller, Felix Lang

Layout: David Wilhelm

Druck: Frick Digitaldruck, Krumbach Germany

Mit freundlicher Unterstützung von:

O.Prof.Dr. Heinrich Schmidinger, Rektor

Bundesministerium für Wissenschaft und Forschung

Land Salzburg – Wissenschaft

Stadt Salzburg

Fachbereich Altertumswissenschaften

TuBa Privatstiftung



Contents

7  Preface 

9  Manuel  Altamirano García / Trinidad Nájera Colino / Fernando Molina González
 Bronze Age Osseous Projectile Points from the Archaeological Site of La Motilla del Azuer

25 Ekaterina E. Antipina 
 Serrated Iron Sickles and Ancient Bone ‘Rasps’ from the Northern Black Sea Region:  
 Destiny of the Innovation

33 Christopher Arabatzis
 The Bone Tools from the Neolithic Settlement of Proskinites, Greece

41 Jakob Baerlocher / Sabine Deschler-Erb
 On a Bed of Bones:  
 An early imperial burial from Vindonissa

57 Andrzej Boguszewski / Frédéric Guédon / Ludomir R. Lozny
 Over the Borders:  
� ������������!"�#$����$�%���&#���'���*�����������������;���
����������<���&=�����
��>����
�� 
 in Northern and Central Europe from the Neolithic to the Iron Age

71 Maria Borao Álvarez
 The Technological Study of the Manufacturing Process of the Bone and Antler Industry in the  
 Upper Magdalenian of Cova de les Cendres (Alicante, Spain)

87 Barbara Carè
� ?��
���Q��������������X�����;�
�����������<�
���%��Y�'��"�[��������\���$��]\th-IIIth century BC): 
 Typological and Functional Analysis

101 Katarzyna Cebula
 Bone Needles from the Early Middle Ages in the Odra River Valley

107 Erika Gál
 Two Bone Artefacts from the Sanctuary of Iuppiter Heliopolitanus in Carnuntum (Lower Austria)

^^_� ?�������X�����`���
 Ibex Horn Cores and the ���������	
������
����X���'��������#��������Q�����q�������

133 Nejma Goutas
 New Data on the Osseous Industry from the Eastern Gravettian (Russia):  
 Technological Analyses and Sociological Perspectives

155 Aleta Guadelli / Philippe Fernandez / Jean-Luc Guadelli / Viviana Miteva / Nikolay Sirakov
 The Retouchers from the Gravettian Levels in Kozarnika Cave

163 Bénédicte Khan
 The Workshop of Petra, Jordan:  
 Highlights of the Bone Industry of the Late Fourth-Early Fifth Century A.D. in the Levant



173 Heidi Luik / Valter Lang
 Late Bronze Age Elk Antler Tools in the Eastern Baltic Region

185 Owen Mapp
 The Situation of an Ivory/Bone Carver in Juxtaposition with Archaeology and Museum Research

191 András Markó
 Leaf-shaped Lithic and Osseous Tools from Old Excavated Cave Sites:  
 Demonstrating Associations

203 Jean-Marc Pétillon / Aurore Lemoine / Katharina Müller / Ina Reiche
 Arrowheads from the Santa Cruz Islands (Temotu, Solomon Islands):  
 Design, Raw Material, and how they are linked

217 Marloes Rijkelijkhuizen
 Horn and Hoof – Plastics of the Past:  
 The Use of Horn and Hoof as Raw Materials in the Late and Post-Medieval Periods  
 in the Netherlands

227 Isabelle Sidéra
 Chronology or Not Chronology, That is the Question:  
 Synthetic Analysis of the LBK Bone Assemblage from Germany to the Paris Basin

237 José-Miguel Tejero / Bárbara Avezuela / Ruth Maicas / Carmen Cacho
 Osseous Material Industry from the Magdalenian Levels of La Peña de Estebanvela (Segovia):  
 A Preliminary Technological Study

251 Zsuzsanna Tóth
 Rules and Misrules:  
 ‘Hide Beamer’ Variability in the Hungarian Late Neolithic

|}~� [������]���Y����
� *����\������$������[���`���&X����� 
 Technology and Typology

277 ArchaeoPlus Publications



203

Arrowheads from the Santa Cruz Islands (Temotu, Solomon Islands)

Design, Raw Material, and how they are linked

Jean-Marc Pétillon / Aurore Lemoine / Katharina Müller / Ina Reiche

The technical use of osseous materials is condi-
tioned by their morphometric and physical-chemi-
cal characteristics – as is the case for all raw mate-
rials. Dimensions, shape, composition and structure 
determine the properties of the bone (e.g., stiffness 
and toughness) and hence its workability, adaptation  
��������	
����	�������
�������������������	�	�������
grain, translucence, etc.). However, because they 
originate from the animal world, osseous materials 
are also intimately associated with the animal they 
were taken from. It has long been suggested that, 
because of this particular feature, osseous raw ma-
���
����������������	�����

�
��
�������
��������
ities related to the species they belong to (McGhee 
1977). As Olsen put it, “the animal’s attributes and 

��������
	����������������
��������������	�
	���	���
the selection of that species’ elements for artifacts” 
�����	�!""#��$%"&'�*�
��
	���	���
��
�����	��
�
	�
the ethnographic record – e.g., the osso di cavallo 

described by Choyke (oral presentation at the Salz-
burg WBRG conference) – and it has also been 
considered in interpretations of prehistoric techno-
logies, especially when discussing the use of bones 
from domestic species vs. wild species in Neolithic 
societies (Le Dosseur 2008; 2010; Sénépart 1993; 
Sidéra 2000).

*�
�������
�	�
��������������
����
	�������������
human bones used for the manufacture of objects. 
Obviously, the choice of a human bone as a block 
of raw material, meant to be turned into an artifact, 
is never a mundane technical act. It is necessarily 
intertwined with cultural connotations, and ulti-
mately refers to that culture’s conception of human-
+
	
� ��'�'�� ���� 4��� 5����	
� ������ ��
�� ��� �
�
���
taken from the ancestors’ bodies in order to “pass 
down the spirit through generations”: O. Mapp, oral 
presentation at the Salzburg WBRG conference). 

Abstract
Several written sources from the 19th and early 20th century indicate that, on the Melanesian archipelago of Santa 
Cruz, the heads of the war arrows were made of human bone. The aim of this study was to consider this behavior 
�����������������
��������	�����������	�����6���	�����������
����������	���	��������������
����	
��	
�����	
�
����
��
	���	��
�������	����
�	�����������<���
����	
�
�����
	�'�=�����������>#����������������
��	�����?�	���
Cruz islands in the late 19th - early 20th century was thus studied in order to (1) establish the range of typological 
and technological variation in point design; (2) determine the nature of the raw materials used; (3) discuss the 
relationship between the two. The typological study shows that the arrowheads can be divided into two main cate-
gories, ‘large points’ (10% of the sample) and ‘small points’ (88% of the sample), and that the latter are designed 
as imitations of the former. Material analyses performed on four points show that the large points are made of 
bone, the species of which could not be determined; however the small points, which make up the large majority 
of the sample, are not made of bone but probably of keratinous material. This apparent discordance between the 
written record and the analysis of the artifacts may be due the heterogeneous and patchy nature of our sources, or 
to the existence, in the culture of the Santa Cruz islanders, of a gap between the ideology and the actual technical 
practice.

Keywords: Santa Cruz Islands; arrowhead; imitation; human bone; infrared spectroscopy



204

F
�'�$6�Q������Q���	��
���
���
���
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Fig. 2: Headmen in a village on Nendö, one holding his bow 
and arrow. After O’Ferrall 1908 and Coombe 1911.

Studying how and why human bones are used as 
raw material in certain cultures can thus help to illu-
minate these cultures’ system of beliefs and values.

However, the relationship between the ideo-
logy and the actual technical practice is not at all 
simple, and the patchy nature of our documentation 
��+���
�����	������

���������������'�X	���
�����
����
we present preliminary results drawn from one such 
case: Melanesian arrowpoints allegedly made of hu-
man bone.

Context
The objects studied were collected on the Santa 

Cruz Islands in the late 19th - early 20th century. This 

group of islands is situated north of the archipelago 
of Vanuatu, and belongs to the Temotu Province, the 
easternmost province of the Solomon Islands. The 
��������
���	
�
	���������������
����������>""+�^&�
��
Nendö, also known as Santa Cruz Island proper, and 
the other main land masses are Vanikoro and Utu-
pua (Fig. 1). Several Lapita sites excavated in the 
1970s show that Nendö, at least, has been populated 
since ca. 1000 BC (McCoy / Cleghorn 1988). Span-

��� 	��
������� ����� ���� ����� `������	�� ��� ��+��
contact with the inhabitants in the late 16th century; 
they were followed by the British and the French in 
the late 18th - early 19th���	����'�{
�
������`������	��
���?�	���U��V�������������������	�������������

�
19th century (‘labor’ ships, British military and An-
glican missionaries: O’Ferrall 1908), and in 1893 
the United Kingdom declared a protectorate over 
the islands.

The material and social culture of the Santa 
Cruz islanders at that period is documented by ac-
counts of navigators from the late 18th - early 19th 
century (e.g., Labillardière 1800; Dillon 1830; 
Dumont d’Urville 1833) and literature from mis-
sionaries and anthropologists in the late 19th - ear-
ly 20th century (e.g., Codrington 1891; Graebner 
1909; O’Ferrall 1908; Speiser 1916; for more re-
��	�����	������������|���	�����!"">}�~����$[#$&'�
A comprehensive presentation is of course beyond 
the scope of this article, and only the information 



!">

	��������������
������	�������
V�������������������-
rowpoints will be given here.

The Santa Cruz islanders (Fig. 2) are a Melane-
sian population which speak Oceanic Austronesian 
languages (Næss / Boerger 2008). In the 19th and 
early 20th century, subsistence was based on horti-
culture – mostly coconuts, taro and yam – and on 
���� �����
���
�	� ��� ������
� ������ ����+��� ���������
mollusks and crabs); pigs were bred, but eaten only 
on festive occasions. Fishing technology was high-
���
�������
���
��������

����
��
�����	
������	
�
���
���	���
�����	������	���������
	����
������
	��
+
����� ���
	�� �������� ���'6� �����	��� $["[�� $"�&'� 
=���
� ��	�
���� ����� ������	���� ������	�� �������
������
�
�������
����
�	����	
�������
������������	��
were bow and arrow (mentions of the use of blow-
pipes and bludgeons are dubious and/or anecdotic at 
best: Graebner 1909, 132).

=�� 
�� ���� ����� 
	� ����	
�� ��������`
������
1999), the Santa Cruz bows are simple, straight 
bows (Fig. 3: 1). They have a semicircular cross 
section and lengths of ca. 180-200cm. Three types 
of arrows are documented: multipronged, barbed  
���
	����������F
�'��6�!&}����	������
	����������F
�'�
3: 3); and pointed war arrows (Fig. 3: 4).

This study focuses on the last category, which 
is also the most common in museum collections 
of Santa Cruz arrows. Indeed, while the heads of  
���
	�� ������� �	
� ����
	�� ������� ���� ��
�� ���
wood, the points of the war arrows are usually made 
of hard animal material, and this material has re-
peatedly been described as human bone.

Archaeological and ethnohistorical data con-
cerning the raw material of the arrowpoints

*���Q����	��|�	���U
����� �
��� �?`�?5�!��$&�
on Nendö yielded bone projectile points similar 
to those of ethnographic war arrows. These points 
��������	
�
	��������
��
	�����+�����!>���$�"����
�$$>"�$>!>�����=|6�Q�U���Z�U������	�$[%%&'�*���
species used as a source of raw material remains 
�	+	��	'� ��������� ��
�� �	
� �	
�	
����� �
���� ��
certain time depth to the practice of making bone 
arrowpoints on Nendö.

Observations made in 1793 on Nendö indicate 
that the points of some war arrows were made of 
bone, but that other hard animal materials were used 
as well: the arrows “had, by means of a reddish  
����
������
�������
��������
������������
������������
sharpened bone, or tortoise-shell, a centimeter long. 
Other arrows had points of the same substance, 
from two to three decimeters long. Several too were 
armed with the bone which is found at the origin of 

the tail in the species of ray called raia pastinaca” 
(= a stingray’s barb; Labillardière 1800, 270-271).

However, later sources report only bone points, 
and mention the use of human bone for their manu-
facture. On Vanikoro in 1828, Dillon (1830, vol. 2,  
!$>&� �
�	����
� ���� 
���	
���� ������ ����
� �
��� ��
bow and about twenty arrows, the point of which 
was made from fragments of human bones1”. At the 
same period, on the same island, Dumont d’Urville 
(1833, 217) wrote that the islanders “acknowledged 
that they exposed in sea water the bodies of their 
�	��
���+
���
�
	��������	
����������������������	��
�	����� ���� ���� ����� ��� ����������� ��������� �����
the bones. The skulls were kept as trophies and the 
slight bones from the extremities were used to form 

Fig. 3: Santa Cruz bow and a set of arrows. 1: bow; 2: multi-
���	��
�������
����
	�������}��6����	������
	�������}� 
�6���
	��
����������'�Q�

��
������������	���$["[����'��%��
�	
�~����$[#$����'�$!��!!��!���$�#'���	����������
	��������
is estimated.
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arrowheads2”. Later, Lesson (1876, 266) further re-
ported: “It is from the bones of their enemies that 
the Vanikoro islanders make their arrowheads, and 
���������������	������������������������

������������
in the sea3”.

Describing the burial practices of the island-
ers on Nendö, Codrington (1891, 263-264) wrote: 
“At Santa Cruz the corpse is buried in a very deep  
grave in the house, wrapped in many mats. (…) 
Inland they dig up the bones again to make ar-
rowheads, and take the skull to keep it in a chest 
in the house”. O’Ferrall (1908) also mentioned this 
practice on Nendö: “The dead are buried within 

�����������������������������'�=��������
���������
��
is exhumed, some bones are used for making ar-
rowheads, the skull is placed in a basket and kept.” 
Coombe (1911, 190) repeated the same information: 
“The Cruzians bury their dead at home close to the 
central oven! (…) In due time the remains are disin-
terred, what bones are desired are taken for making 
arrow-heads, and the skull is preserved in a basket.” 
Koch (1971, 172) also reported: “Most of the war 
������� ���� ���
���
� �
��� ��	�� ��
	��� �������
���
carved from the exhumed arm- or leg-bones of de-
ceased relatives, both men and women)4.” On the 
basis of these sources, modern exhibition catalogs 

museum / collection city museum number number of arrows

Q�����
�=��
��
	� Bordeaux, France Q�������$�$>[ 4
Q�����
�=��
��
	� Bordeaux, France Mesuret 13160 30
Q�����
�=��
��
	� Bordeaux, France Mesuret 13170 2
Museum d’histoire naturelle Toulouse, France Q�4*�`*��=U�$� 19
Museum d’histoire naturelle Toulouse, France Q�4*�`*��=U����� 1

private collection Toulouse, France none 1
total >#

Tab. 1: Composition of the sample of Santa Cruz arrows.

F
�'��6���	������
�������������?�	���U��V��������
	�����Q�����
�=��
��
	���������
�	����	
�
���
��'�$6�	�������������������
	�}�!6�
shaft; 3: foreshaft; 4: head. Pictures: J.-M. P.
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still describe the Santa Cruz arrowheads as made of 
human bone (e.g., Collective 2002).

Before this behavior can be interpreted in any 
�����
�����������	��������������	�

���
������������-
�����
��������	�����������	�����6���	�����������
���
of human bone as raw material and understand how 

��
	���	��
�������	����
�	�����������<���
����	
�
���
point. Samples of Santa Cruz arrowpoints were thus 
studied in order to (1) establish the range of typo-
logical and technological variation in point design; 
�!&� ��	���� ���� 	������ ��� ���� ���� �����
���� ���
}� 
(3) discuss the relationship between the two.

Material
The main assemblage analyzed in this study  

is a collection of 36 arrows kept at the Musée 

�=��
��
	�� ����
������ F��	��&'� *��� ��<��
��� ���
these arrows belongs to the Daleau collection and 
were already partly described by Passemard (1917). 
The museum’s catalog indicates that these arrows 
are from the New Hebrides (i.e., Vanuatu). However, 
their typology and decoration are characteristic of 
the Santa Cruz islands (Graebner 1909; Koch 1971; 
Speiser 1909); arrows of this type are, furthermore, 
absent from Speiser’s extensive description of the 
Vanuatu material culture (1991). Therefore, there 
can be no doubt about their origin, and the mention 
of the New Hebrides must be considered erroneous. 
*��� ����������� ����� ���� Q����� 
�=��
��
	�� ����
complemented by the collection of 20 arrows from 
the Santa Cruz islands kept at the Toulouse Museum 
of Natural History, and by one arrow from a private 
�������
�	�����������������>#�����������

�
��*��'�$&'

All arrows were made following the same gen-
eral pattern (Fig. 4). The length of the complete 
����
��	�� ���
��� ������	� $$>� �	
� $!%'>��'� *���
�������������
��#$�%�'>�����	����
��������
����
diameter generally between 1 and 1.2cm; at the prox- 
imal end is a notch for the bowstring. Fletching is 
����	�����
���
����������	�����������������	
�	���-
����� �������
������������ �	���	����
��	��� 
	� ����
Solomon Islands, Vanuatu and Tonga after Patole-
`
������$[[[&'�*������
�	�����������
����	����-
��� !�'>��$'>��� ��	��� �
��� �� ���
���� 

�������
������	�"'%��	
�$'���}� 
�� 
�� ���������������	����
decorated. Finally, the distal part of the projectile, 
or ‘head’, is 16.7-22.4cm long and has a maximum 
diameter of 0.9-1.2cm.

Although the main focus of this study is on the 
arrowheads, a point must be made regarding the  

������
�	�������������������F
�'�>&'�*�
��
������
�	�
is usually based on a register of red, white and black 
linear patterns, repeated and alternated in various 

ways along the length of the foreshaft. But despite 
���������
��
�	�������>#������������
	��������������	�
�������
����
�����	�������������������
	�������6
A: undecorated foreshaft (n = 1, or 2%; not 

illustrated).
B:  this type has an undecorated segment just below 

the head; below this segment is a succession of 
red, white and black linear patterns (n = 3, or 
>�}�	���
���������
&'

C:  this type is decorated with red, white and black 
linear patterns along all its length (n = 7, or 12%; 
F
�'�>6�$&'

D: this type is characterized by the presence of a 
black ‘barbed’ pattern, always placed slightly 
below the head, never repeated twice and 

F
�'�>6�*�������������������	����������������������	�����?�	-
���U��V�������'�$6������U}�!6������|}��6������`'�?���
����
��
�	�
in text. Pictures: J.-M. P.
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surrounded by red, white and black linear 
������	���	���$[��������}�F
�'�>6�!&'

`6� ��
�� ����� 
�� ���������
V�
� ��� ���� �����	��� ��� ��
black and white ‘chevron’ pattern, always placed 
immediately below the head, never repeated 
twice, followed by two red- and black-colored 
bands and then red, white and black linear 
������	���	���!#������#�}�F
�'�>6��&'
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the Santa Cruz arrows shown by Graebner (1909, 
137), Speiser (1909, 310) and Koch (1971, plate 
!>&'�?��
���������
�������+�
��	������������	������
some of these types, especially the incompatibility 
between the barbed and the chevron patterns. The 
correlation between these types and the typology of 
the arrowheads will be discussed below.

Results of the typological study
The arrowheads can be divided into three dis-

�
	��� �����'� *��� ����� ����� 
�� ���� composite point 

(Fig. 6: 1): the head is actually made of two seg-
ments, the bone point itself and a bone foreshaft. 
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these two extremities are interlocked and the joint is 
covered by a lashing. This composite bone head is 
���	����
�����������
�	����������������������
�
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fork-shaped hafting. This type is the rarest in our 
sample (n = 1, or 2%). The single specimen is hafted 
to a type C wooden foreshaft, and has overall di-
��	�
�	�����!>'����"'[���"'#��'�?
�
����������
���
points are mentioned among the Santa Cruz arrows 
kept at the Rautenstrauch-Joest Museum in Cologne 
�	
��������Q����������{��+��+�	
�����
���`��	�-
logical Museum, in Berlin, published respectively 
by Graebner (1909) and Speiser (1909).

The second type is the large point (Fig. 6: 2). 
Here, a single bone point is directly hafted to the 
wooden foreshaft, without an intermediary bone  
foreshaft, and again through a system of interlocked 
forks. There are six specimens of this type in our 
sample (10%), all hafted to type D wooden fore-
shafts. Most of these points are broken at the distal 
end, but the estimated length of the complete speci-
��	�� 
����'�$%�!!'>�����
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and 0.8cm.

The third type is the small point (Fig. 6: 3). Like 
the ones from the previous type, these points have 
a forked base and are directly hafted to the wooden 
foreshaft, but their dimensions are much smaller: ca. 
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reshaft is much longer, and the point forms only the 
extreme tip of the arrow. This type is by far the most 
�����	� 
	� ���� ������� �	� �� >"�� ��� %%�&'� *�����
points are hafted to all types of wooden foreshafts, 
���������������	����
	�������|�������������	���$������
!������������������
	��&��	
������`��	���!#�����>���
of the small points).

These three categories are truly distinct types: 
there are no arrowheads with intermediary dimen-

Fig. 6: The three types of points on the Santa Cruz arrows; 
photograph and radiograph. 1: composite point; 2: large point; 
3: small point (on 3, photograph and radiograph are from two 
different arrows). Pictures: J.-M. P.; radiographs: M. Bessou, 
�QY�>$[[��=U`='

type of arrowhead
type of foreshaft decoration

total
A B C D `

composite points 0 0 1 0 0 1
large points 0 0 0 6 0 6
small points 1 3 6 13 27 >"
total 1 3 7 19 27 >#

Tab. 2: Type of point and type of foreshaft decoration on the 
?�	���U��V�������'�*��������������	��������������������
���-
ration for each type of arrowhead is in bold numerals.  
See description of foreshaft decorations in text.
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sions. Furthermore, there are reasons to think that 
these types were also explicitly distinguished by the 
��������+������
	�������������������
�
	�����
�����-
tion of the foreshaft. Indeed, large points are exclu-
sively hafted to type D foreshafts, while the small 
points are hafted to all types of foreshafts and most 
������	���� ��� ����� `�� ��
��� 
�� 	����� �	���	����
�
with large points (Tab. 2). Thus, despite the diffe-
rence in sample size between the large points and 
the small ones, there is clearly a different distribu-
tion of foreshaft decoration according to the type of 
point. Speiser (1909) made the same remark about 
���� ?�	��� U��V� ������� 
	� ���� ����
	� `��	����
����
Museum.

Typological interpretation: the model and the 
imitation

The reason behind this typological variability 
is not self-evident: why did the Santa Cruz islanders 
manufacture different types of points for their war 
arrows and correlate them to some extent with the 
decoration of the foreshaft? A closer look at the two 
most common types – large points and small points 
– suggests several interpretive clues.

On the base of the large points, the lashing at 
the joint with the foreshaft is clearly visible, bul-
ging and covered with reddish mastic. The point 
has a forked base and the proximal extremities of 
the tines always protrude from the lashing (Fig. 7: 
1-2). Two of the 6 large points in our sample are 
totally covered with the reddish mastic, and the only  
exposed parts are the extremities of the tines pro-
truding from the lashing (Fig. 7: 1); but on the 4 
remaining specimens, the mesial part of the point is 
left bare, making the bone surface visible (Fig. 7: 2).

Conversely, on the base of the small points, the 
lashing is streamlined, entirely covered with red-
dish mastic, and the tines of the forked base do not 
protrude (Fig. 7: 3). As a result, the joint between 
the point and the foreshaft is hidden: it is invisible 
unless damaged. Below the point, the distal part of 
the wooden foreshaft (which is at the same level as 
the mesial part of the large points) is always cov-
ered with reddish mastic, so that its wooden surface 
is not visible. And below this part of the foreshaft, 
a ring is carved, in the same place and of the same 
shape as the lashing of the large points. This feature 
can obviously be interpreted as a fake lashing (Fig. 
7: 3). Furthermore, immediately below this fake 
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�����������
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������������̀ �������������F
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7: 3). As noted by Speiser (1909), this pattern might 
be considered reminiscent of the shape of the forked 

base on the large points; it might thus be interpreted 
as a series of fake tines.

These manufacturing peculiarities show that 
the arrowheads with small points are designed as 
imitations of the arrowheads with large points. On 
����>"�����������
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������������
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systematic covering of the distal part of the fore-
shaft with mastic hides the fact that most of the ar-
rowhead is actually made of wood; the hafting of 
the point is made to be as discreet as possible, and a 
fake hafting (with a fake lashing, and maybe, in the 
majority of specimens, a fake forked base) is carved 
��'�$>�����������������������������
	������
����
	�
the case of a large point. This phenomenon is akin 
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Raw material analysis
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particular design, material analyses were performed 
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	������������Q�����
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	��
at LC2RMF (Laboratory of the Center for Research 
and Restoration of Museums of France), Paris. This 

Fig. 7: Details of the design of the two most common types 
of arrowheads. 1: large point with mesial part covered with 
mastic; detail view of the base, showing the protruding tines. 
2: large point with mesial part left bare; detail view of the 
base, showing the protruding tines. 3: small point; detail view 
of the base showing the hidden hafting (visible here only 
because mastic is damaged); detail view of the fake hafting on 
the foreshaft. Pictures: J.-M. P.
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investigation by infrared spectroscopy in transmis-
sion mode (FTIR) aimed at identifying the nature of 
the raw material used (Lemoine 2010). The idea of 
this pilot study was to differentiate between various 
species based on differences in the supra-molecu-
lar collagen structure. Infrared spectroscopy com-
bined with spectra decomposition is an appropriate  
method to analyze the secondary structure of col-
lagen. Previous FTIR analyses on several modern 
bone samples (4 bovine, 2 sheep, 1 horse and 3 
���
	���������&� 
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	�
respective structural parameters among the species 
(unpublished data). 

The FTIR analyses were carried out by me-
�	����������+
	�`�����?��������!"""��������������
using a diamond cell. Six measurements were per-
formed on each sample, collecting IR radiation in 
���������������	�������"""�!>"��-1. For each spec-
trum 20 scans were made at 2cm-1 spectral resolu-
tion. The evaluation of FTIR spectra was performed 
using the PeakFit software. The collagen band in the  
range of 1600-1720cm-1, called amide I, is represent-
ative of the collagen secondary structure. A curve  
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carried out to determine the proportion of the individ-
ual band components (aromatic rings at 1610cm-1, 
��������� ��� $��"��-1�� ��	
��� ��
��� ��� $��>��-1, 
�����
�� ��� $��$��-1� �	
���������� ��� $�#%��-1; de-
tails in Chadefaux et al. 2009; Lemoine 2010). The 
mean contribution of the different vibration modes 
of the amide I band was then calculated for each 
sample and expressed as relative area (percentage 
and standard deviation) on a histogram. 

For this investigation the single composite 
point and two large points were sampled by scrap-
ing the surface of the mesial part with a scalpel blade  
in order to remove a small amount of bone materi-
al. Four samples were taken: 2 from the composite 

point (13170-2 from the bone foreshaft and 13170-1  
from the bone point) and one from each of the large  
��
	��� �$�$>[�$� �	
� $�$>[�!&'� =� ����� �������
(13160-1) was taken from one of the small points 
by cutting off a part of a tine from the forked base. 
As references samples served: four archaeological 
human bones (1 skull, 1 tibia and 2 humeri from 
the Neolithic levels of the Fontbrégoua rock shelter, 
Var, France), two modern dog tibias and one mod-
ern pig rib (these two species being among the rare 
large mammals locally available to the Santa Cruz 
islanders in the late 19th and early 20th century). 
Unfortunately, modern human bone samples were 
not available for this study. However, according 
to a former study on modern and archaeological  
bovine bone (Chadefaux et al. 2009), the general 
proportions of the individual components of col-
lagen secondary structure were conserved even if 
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observed (naturally as a function of the burial con-
ditions). This allows us to use well-preserved ar-
chaeological bone material as references for species 
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under optical microscope in order to identify the 
general characteristics of the material. Because of 
the unusual aspect of sample 13160-1 (see below), 
a further observation was performed on this sample 
with a scanning electron microscope coupled with 
�	��	�����
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order to analyze the morphology and chemical com-
position of its surface.

The results obtained on the reference samples 
indicate differences between the collagen secondary 
structure of various species, but also show relatively 
great structural variances within a single species 
(particularly for the human bones: Fig. 8). The latter 
could be due to structural characteristics of anatom-
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sis on the respective structural parameters, possible 
diagenetic changes during burial time must be taken 
into account for the Neolithic bone samples any-
���'� F������� �	������� �	� �� ����� �������� ���	�
���
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this issue. Moreover, chemometric data evaluation 
should be involved.

The results for the Santa Cruz samples were 
compared to those obtained on the reference 
samples (Fig. 9). The spectra and histograms of the 
four Santa Cruz samples are very similar, showing 
that the two large points and the two segments of 
the composite point were obviously made from the 
same type of bone material. However, there are  

Fig. 8: Amide I histograms of the reference samples.
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pared to the reference bones. 1: comparison with the human bones. 2: comparison with dog bone. 3: comparison with pig bone.
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the human bone reference samples (Fig. 9: 1). Sev-
eral differences can also be seen between the four 
Santa Cruz samples and the dog tibias (Fig. 9: 2: 
higher contribution of the 1661cm-1 and 1692cm-1

��	
�}� ������� ��	��
���
�	� ��� ���� $��>��-1 and 
1678cm-1 bands). Finally, pig bone is the sample 
that shows the closest resemblance to the four Santa 
Cruz samples (Fig. 9: 3), despite a difference in the 
��	��
���
�	��������$��>��-1 band.

In any case, according to these preliminary re-
sults, the hypothesis of human bone being the raw 
material used for arrowhead manufacture could 
neither be validated nor, taken the range of variabil-
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disproved by the applied analytical method.

The micrographs from sample 13160-1 show 
that the material has a very heterogeneous structure, 
different from that of bone (e.g., no osteons: Fig. 10). 
FTIR spectra from this sample clearly differ from 
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those of the reference bones, while the spectra from 
the four other samples are consistent with bone ma-
terial (Fig. 11). It thus seems that sample 13160-1, 
unlike the others, is not made of bone. However, 
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with keratin: it is therefore likely that this sample 
is made of a hard keratinous material (Paris 2004). 
Given the dimensions and the nature of the artifact, 
and the species locally available to the Santa Cruz 
islanders, the most likely candidate for this material 
is tortoise shell (exactly: scutes, the keratinous part 
������������}�F��V
���!"">&'

Discussion
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on samples taken from only a small number of ar-
tifacts. However, if we consider that these results 
are representative of the technical choices made by 
the makers of the arrows studied here, then it means 
that 88% of the arrowheads from our sample (i.e., 
��������>"���������
	��&�����	����
+������������
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bone, but instead, probably of keratinous material 
(tortoise shell?). The remaining 12% (i.e., the six 
large points and the composite point) are truly made 
of bone, but the type of bone used (human or other 
animal species) could not clearly be determined by 
the applied analytical method. Although the materi-
al analysis suggests the use of animal (pig?) bone for 
the manufacture of the arrowheads, certainly, given 
the experimental nature of the analytical method,  
the range of variability observed in a single species 
and the small number of reference samples (which, 
furthermore, did not include modern human bones), 
these results can only be considered as preliminary 
data>. The conclusion drawn of these preliminary 
results must therefore be reserved.

However, these preliminary results would not 
be consistent with the 19th century written sources 
mentioning the use of human bones to manufacture 
most of the war arrowheads on the Santa Cruz is-
lands.

This possible discrepancy has no obvious ex-
planation. The validity of the written sources might 
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information collected at different times (early and 
late 19th century) and different places (the two main 
Santa Cruz islands, Nendö and Vanikoro) is entirely 
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ropean writers.

The heterogeneous and patchy nature of our 
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sources mostly document Vanikoro in the early 19th 
century (Dillon 1830; Dumont d’Urville 1833) and 
Nendö in the late 19th century (Codrington 1891; 
O’Ferrall 1908), but the tradition of making ar-
rowheads from human bones might simply not have 
been in practice at the time when – and/or at the 
place where – the arrows studied here were colle-
cted. It is also possible that these arrows were spe-
�
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���������
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materials of ‘lower value’. Since the context of ar-
row collection is poorly documented, these possibi-
lities cannot be ruled out.

A second possibility is the existence, in the cul-
ture of the Santa Cruz islanders, of a gap between 
the ideology and the actual technical practice. Ar-
row makers might have claimed that the heads of 
war arrows were made of human bone, while in rea-
lity, most of them were not made of bone – and even 
those that were really made of bone were not al-
ways manufactured from human remains. A similar 
discrepancy between the declared use and the actual 
use of hunting arrows was documented among the 
|�	
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	� Z��������
	�$[["���%#&'�
At present, this hypothesis cannot be demonstrated, 
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for several facts:
�� The fact that human bone, as a source of raw 

material, is likely to have been available only in 
small amounts at a time and with a low predict-
ability (linked to deaths in the local group and/
or to success at war), and thus might not always 
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lithic human bones (ABH_SF1). The spectrum from 13160-1 deviates from the 4 others, which are, conversely, consistent with 
the reference bone.
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the need in the manufacture of war arrowheads;

�� The fact that the manufacturing process of war 
�����������	������	�

��������������
����`���-
peans, and the information on the use of human 
bone is only reported from oral sources;

�� The fact that one of the earliest direct observa-
tions of Santa Cruz war arrows, made on Nendö 
in 1793, mentions a more varied range of raw 
materials for point-making (bone, tortoise shell 
and stingray barbs: Labillardière 1800, 270-271);

�� The fact that, according to the typological anal-
ysis, the hafting of the ‘non-bone’ arrowheads 
(i.e., the small points likely made of hard kera-
tinous material) is designed to imitate the bone 
arrowheads: in this perspective, the design of the 
�����������
���������	�����
�������
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����
blur raw material distinctions to the non-expert 
eye.

Additional investigation – including new anal-
yses on larger samples, and a closer investigation of 
ethnographic sources – is needed to further the dis-
cussion, and to ultimately place it in a wider anthro-
pological issue: the conception of the human body 
as a source of raw material, and its articulation with 
actual technical practices.
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translation)

[4]  “Die meisten Kampfpfeile (…) sind mit Knochenspitzen versehen (die angeblich aus den ausgegrabenen 
Arm- oder Beinknochen verstorbener Verwandter [Männer wie Frauen] geschnitzt sind).” (Authors’ 
translation)
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spectrometry (ZooMS: Buckley et al. 2009; 2010). ZooMS is a version of peptide (sometimes protein) 
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2011). FT-Raman or FTIR spectroscopy combined with chemometric data evaluation methods could also 
be applied for bone species discrimination (e.g., Mc Laughlin / Lednev 2012; Shimoyama et al. 1997).
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