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Abstract: The use of ivory in the Mediterranean region dates to the Palaeolithic period, with a significant increase taking place
during the Copper Age in southern Europe. This article explores, in-depth, the exploitation of elephant tusks and the processes
behind manufacturing ivory objects during the Copper Age on the Iberian Peninsula. For this purpose, the mega-site of
Valencina in southern Spain is used as a case study because of the abundant and varied collection of ivories it has yielded. The
technological, morphological, and contextual dimensions of Copper Age ivory will be examined here. Standardised exploitation
was observed, oriented towards the manufacture of specific types of blanks, based on the knowledge and use of different
parts of the tusk (hollow and compact) in a differential and very specific manner. The main form of exploitation is
longitudinal, that is, to produce plates, allowing for more efficient exploitation of this raw material. Furthermore, this study has
revealed the only case so far in the Iberian Peninsula of a sawing process by abrasion, and not with a saw (“sciage au fil
sablé”), extending our knowledge of the craftsmanship of Prehistoric societies.

Keywords: Ivory; technology; craftsmanship; operational sequence; abrasive sawing (with cord); Copper Age; Iberian Peninsula.

Resumen: E/ uso del marfil en el Mediterraneo se remonta al Paleolitico, con un importante desarrollo durante la Edad del
Cobre en el sur de Europa. Este articulo profundiza en la forma de explotacion de los colmillos de elefante y en el proceso de
fabricacion de objetos de marfil durante la Edad del Cobre en la peninsula ibérica. Se utiliza como muestra de estudio el mega-
sitio de Valencina, en el sur de Espaiia, por la abundante y variada coleccion de marfiles que ha proporcionado. Este estudio
examina en profundidad las dimensiones tecnologicas, morfologicas y contextuales del marfil de la Edad del Cobre. Como
resultado, se observa una explotacion estandarizada, orientada a la fabricacion de soportes especificos, basada en el
conocimiento y uso de las distintas partes del colmillo (huecas y compactas) de manera diferencial y muy especifica. La principal
forma de explotacion es la longitudinal, es decir, la produccion de placas, que permitia un mayor rendimiento de la materia
prima. Ademas, este estudio ha revelado el unico caso hasta ahora en la peninsula ibérica de un procedimiento de aserrado por
abrasion, y no con sierra (sciage au fil sablé), ampliando nuestro conocimiento sobre la artesania de las sociedades prehistoricas.

Palabras clave: marfil; tecnologia; artesania; cadena operativa; aserrado por abrasion (con cuerda); Edad del Cobre; peninsula
ibérica.
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1. INTRODUCTION AND OBJECTIVES

The farming societies that developed in southern
Europe, particularly in the Iberian Peninsula, from
the mid-sixth millennium, began to experience a huge
social expansion (including demographic growth,
intensification of the agricultural economy, copper
metallurgy, supra-regional exchange networks, etc.)
by the last quarter of the fourth millennium (Garcia
Sanjuan and Murillo-Barroso, 2013). One particular
indication of these changes during the Copper Age
was the acquisition of a great number of exogenous
raw materials and the appearance in funerary contexts
of “special” individuals or collectives, buried with so-
phisticated grave goods. This phenomenon has been
interpreted as indicative of an emerging “elite”, some-
thing that is quite palpable in the lower Guadalquivir
River valley during the Chalcolithic Period (between
3200 and 2200/2300 cal BC). The presence of ivory
objects seems to be one of the common denominators
in local elite grave goods there (Garcia Sanjuan et al.,
2018b; Luciafiez-Trivifio et al., 2021). The presence
of significant amounts of ivory, and other extra-pen-
insular materials (such as ostrich eggshell) in some of
the largest Chalcolithic settlements in Iberia reflect the
intensification of these trans-Mediterranean exchange
networks.

Ivory has been a widely appreciated raw material
since the Paleolithic and throughout human history.
In the Iberian Copper Age, elephant ivory was used to
produce many different kinds of prestigious objects
such as handles, zoomorphic and anthropomorphic
figurines, combs, decorated and undecorated plates,
vessels, boxes, lunulae, and beads. Ivory was not used
during the Chalcolithic to make utilitarian objects, like
tools to produce other goods, but exclusively for showy
personal objects for display, as body ornaments or to be
carried by individuals (Luciafnez-Trivifo et al., 2021).

The study of this raw material is at the core of
current research on resources in Iberian prehistory,
providing as it does, valuable information about so-
cial change, crafts, long-distance contacts, and socio-
cultural organisation. Since the end of the nineteenth-
century scholars have noted the presence of ivory on
Iberian sites from the Late Neolithic to the Iron Age.
The study of this raw material still raises a great deal
of interest even today, something reflected in a vast
literature that greatly exceeds the scope of this paper.
Despite the extensive literature about these Iberian
ivories, there has been less research on ivory manu-
facturing and technology (e. g. Altamirano Garcia,
2014a, 2014b)'. Most references deal with material

! See also unpublished theses: M. Altamirano Garcia. Hueso, asta,
marfil y concha aspectos tecnoldgicos y socioculturales durante el 111 y
1I milenio a.C. En el sur de la Peninsula Ibérica. Doctoral thesis. Univer-
sidad de Granada, Granada, 2013. M. Luciafiez-Trivifio. EI marfil en la
edad del cobre de la peninsula ibérica. Una aproximacion tecnologica,
experimental y contextual a las colecciones eburneas del mega-sitio de

from later periods, mainly the Bronze and Iron Ages
(e. g. Barciela Gonzalez, 2006, 2007, 2012%; Altamira-
no Garcia, 2011, 2012a, 2012b; Lopez Padilla and
Hernandez Pérez, 2011; Liesau von Lettow-Vorbeck
and Schuhmacher, 2012; Lopez Padilla, 2012; Pascual
Benito, 2012; Blasco Martin, 2015; Pau ef al., 2018).
In contrast, the study of ivory technology elsewhere
in Europe is most developed for the Palaeolithic pe-
riod (e. g. Hahn ef al., 1995; Christensen, 1999; Khlo-
patchev, 2001; Heckel, 2009; Khlopatchev and Girya,
2010; Hein, 2011, 2014), with contributions including
the experimental approach (e. g. Hahn, 1986; Hahn
et al., 1995; Christensen, 1999; Malina and Ehmann,
2009; Khlopatchev and Girya, 2010; Heckel and Wollf,
2014).

This article explores the evidence for ivory tech-
nology during the Chalcolithic, based on the materials
from the site of Valencina de la Concepcion-Castilleja
de Guzman (hereafter Valencina) in southern Spain.
The results concerning production modes, techniques,
and the tools used in manufacturing these objects will
be discussed in this article, in order to understand all
aspects involved in the production of ivory artefacts,
from the supply of the raw material, manufacturing
processes, to their end use (the object biography), with
special attention to debitage (blanks production). Thus,
all products from the technical chain — blocks, blanks,
pre-forms (or roughouts), and production waste (or de-
bris) — were studied.

Valencina is located in North Aljarafe, ca. 8 km from
the city centre of Seville (Fig. 1). The radiocarbon dates
place the activity there between ca. 3200 cal BC and ca.
2300 cal BC (Garcia Sanjuan et al., 2018a). This site
is considered to have played a prominent role in the
networks at the time due to its proximity to multiple
resources of economic and social value as well as the
abundant flow of exogenous materials (e. g., ivory, am-
ber, ostrich eggshell, etc.) (Vargas Jimenez, 2003; Vargas
Jimenez et al., 2010; Garcia Sanjuan, 2017). The intense
research carried out at Valencina over the last decade has
brought advances in human anthropology (e. g. Lacalle
Rodriguez et al., 2000; Robles Carrasco and Diaz-Zorita
Bonilla, 2013; Pecero Espin, 2016; Diaz-Zorita Bonil-
la, 2017; Robles Carrasco et al., 2017; Cintas Pefia et
al., 2018) as well as in faunal studies (e. g. Liesau von
Lettow-Vorbeck et al., 2014)%, chronology (Garcia San-
juan et al.,, 2018a) and its material culture (e. g, Hunt
Ortiz and Hurtado Pérez, 2010; Hunt Ortiz et al., 2011;
Rogerio-Candelera et al., 2013; Odriozola Lloret and
Garcia Sanjuan, 2013; Schuhmacher ef al., 2013a; Lu-

Valencina de la Concepcion - Castilleja de Guzman (Sevilla). Doctoral
thesis. Universidad de Sevilla, 2018.

2 V. Barciela Gonzalez. El lenguaje de los adornos: tecnologia, uso
y funcion. Adornos personales de la Edad del Bronce en Alicante y Alba-
cete. Doctoral thesis. Unpublished, Universidad de Alicante, 2015.

3 J. Escudero Carrillo. 4 good place to live? The management of
livestock resources in the Lower Guadalquivir Basin in the Southern Ibe-
ria during the 3rd mill. BC. Doctoral thesis. Unpublished. Eberhard Karls
Universitét Tibingen, Tiibingen, 2021.
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Fig. 1. Location of Valencina de la Concepcion and other Chalcolithic sites showing the approximate coastline (lake area) in the 3rd millen-

nium BCE.

ciafiez-Trivifio et al., 2014; Garcia Sanjuan et al., 2016;
Luciafiez-Trivifio and Garcia Sanjuan, 2016; Morgado
Rodriguez et al., 2016; Murillo-Barroso, 2016a, 2016b).
For a historiographic synthesis see e. g. Garcia Sanjuan
(2013) and Garcia Sanjuan et al. (2018a). Some papers
regarding typology, contexts, or raw material characteri-
zation of Valencina’s ivories have been published (e. g.
Schuhmacher, 2012; Vargas Jiménez et al., 2012; Garcia
Sanjuan et al., 2013; Nocete Calvo ef al., 2013; Schuh-
macher et al., 2013a; Luciafiez-Trivifio et al., 2014,
Luciafiez-Trivifio and Garcia Sanjuan, 2016; Garcia
Sanjuan et al., 2018a). Very little, however, is yet known
about technology’s specifics.

A total of 8.8 kg of ivory has been found at Valenci-
na. To date, it represents the largest published ivory as-
semblage in the Iberian Peninsula and Europe for this
period. The ivories were recovered from 12 Chalco-
lithic structures coming from eight sectors of the site
(for a description of the archaeological contexts see
Lucianez-Trivifo et al., 2021). Ivory accounts for 65%
of the whole osseous industry in the structures where
ivory is present, followed by objects made from ani-
mal bone (21%). With only a few exceptions, the ivory
generally appears in large burial monuments (mainly
tholoi).

2. MATERIAL AND METHODS

The ivory material was found in a very poor state of
preservation so the assemblage was highly fragmented.
This circumstance imposes limits on the study, making
it difficult to get a true picture of the number of analyti-
cal categories that actually would have been present.
However, previous restoration work on several of the
artefacts permitted a more realistic picture and also al-
lowed observation of the technological traces hidden
by dirt, sediment, etc.

In order to identify the raw material, the entire ivo-
ry assemblage was carefully examined with a stereom-
icroscope Nikon SMZ800 (up to 126X), and a digital
microscope ShuttlePix P-400R (up to 400X). In order
to discriminate between raw materials and to identify
the artefacts made from ivory, these observations were
compared with our own reference collection and with
the structural characteristics of different raw materials
based on what is available in the scholarly literature (e.
g. MacGregor, 1985; Krzyszkowska, 1990; Espinoza
and Mann, 1991, 1993, 1999; Haynes, 1991; Deschler-
Erb, 1998; Christensen, 1999; Feldhamer et al., 1999;
Kardong, 1999; Abelové, 2008; Locke, 2008; Rijkeli-
jkhuizen, 2008; Virdg, 2012; Choyke and O’Connor,
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Fig. 2. Categories of analysis of ivory work. Drawings and photos by the author.

2013; Tolksdorf et al., 2015). Additionally, for a bet-
ter understanding of the observed tool traces, some
focussed experiments were carried out. The specific
characteristic of the proboscidean ivory and its crack-
ing patterns were studied in depth in order to infer the
relative position of the object within the tusk as well as
the production modes.

The material was catalogued according to five cat-
egories of analysis: blocks, blanks, pre-forms/rough-
outs, debris/production waste, and finished objects/end
products. The definition of the categories of analysis
(Fig. 2) are as follows (some definitions and categories
were adapted from the work of A. Averbouh, 2001): a
primary block is the complete anatomical support, that
is, the complete tusk. A secondary block (a, more or
less, large segment of the initial block) or a prepared
block (a primary block where the unwanted or useless
parts have been removed) can be extracted from the
primary block. Blanks/supports are elements display-
ing little manipulation or transformation. They derive
from the debitage and are obtained from primary or
secondary blocks. These items are produced with the
direct and specific intention of manufacturing a particu-
lar object. The pre-forms/rough-outs occupy an inter-
mediate position between the support and the finished
object. They have been more intensively manipulated,
and already contain an approximation of the morphol-

ogy of the final object. The debris/production waste
comes from all the stages in the ivory working. Their
production was not intentional but resulted from the
transformation operations and includes chips, flakes,
and fragments. The description of the surface technical
traces and general vocabulary for technology is based
on Averbouh and Provenzano (1998-1999) and the
Multilingual Lexicon of Bone Industries (Averbouh,
2010). Cataloguing and definitions of finished objects
and decorations are based on Luciafiez-Trivio* and
Luciafiez-Trivifio et al. (2021).

Actotal of 242 items were studied. Within the assem-
blage, there are Blocks (N = 6), Pre-forms/Rough-outs
(N = 1), Debris/production wastes (N = 14), and Fin-
ished objects/End products (N = 175) (Table 1). Possi-
ble unintentional errors or omissions during excavation
must be considered when identifying and recovering
small fragments, such as chips. Besides, the excavation
report is not specific about the structures whose con-
tents were sieved’. Consequently, these numbers may
not correspond to the totality of the material culture

4 Vide note 1.

3 J. Peinado Cucarella. Memoria Arqueolégica del Plan Parcial Sec-
tor PP4 “Dolmen de Montelirio” en el término municipal de Castilleja
de Guzman (Sevilla). Junta de Andalucia, Consejeria de Cultura. Sevilla.
Unpublished, 2008.
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Transversal | Possibly transversal | Longitudinal | Possibly longitudinal | Undetermined | Total
Waste 7 0 4 0 3 14
Block 6 0 0 0 0 6
Blank 0 0 0 0 0 0
Rough-out 0 0 1 0 0 1
Finish object 26 2 90 31 26 175
Undetermined 3 4 1 0 38 46
Total 42 6 96 31 67 242

Table 1. Categories of analysis by type of tusk exploitation.

that may have been present. There are a huge variety of
finished objects such as Receivers (rectangular boxes,
containers with cylindrical mouths, curved/oval based
vessels, cornucopia-like objects, handles, hilts, and
“others”); Perforated objects (rings, bracelets, perfo-
rated discs, and beads); Toothed elements (combs and
ornamental combs); Figures (human, animal, vegetal
figurines or other shapes) and Plates (see Luciaiez-
Trivifio ef al., 2021).

In order to understand the methods of exploitation,
it was necessary to develop an in-depth knowledge of
the characteristics of the ivory that could be observed
on the artefacts. Therefore, part of the research focused
on identifying the features of the ivory that can be ob-
served by the naked eye or at low magnifications. The
most relevant characteristics observable in each of the
cuts or views are described in the following paragraphs.

3. IVORY MACRO-IDENTIFICATION:
STRUCTURE AND FEATURES

Some vertebrate teeth have been enlarged or
lengthened in response to very different evolutionary
processes into what are commonly called “tusks.” Such
is the case of extant proboscideans and their extinct
relatives. Elephant tusks are the second continuously
growing maxillary or upper incisors (I12) (Feldhamer
et al.,, 1999, p. 314; Virag, 2012, p. 1406). Proboscid-
ean ivory has a complex architecture characterized
by successive steps or stages of organization (Locke,
2008). This issue has been addressed by multiple
scholars resulting in a variety of proposed growth mod-
els (e. g., Miles and White, 1960; Raubenheimer ef al.,
1990; Raubenheimer et al., 1998; Espinoza and Mann,
1999; Su and Cui, 1999; Palombo and Villa, 2001;
Nalla et al., 2003; Trapani and Fisher, 2003; Abelova,
2008; Locke, 2008; Virag, 2012; Albéric, 2014).

The physical structure of the elephant tusk, de-
scribed from the inside out comprises: the pulp cavity,
dentin, cementum and enamel (for a better understand-
ing of the anatomy of this tooth consult: Virag, 2012,
fig. 1). The cross-section of the tusk is round or oval.
For the most part, it is composed of dentin, covered

by a layer of cementum, which can be very thick and
have a laminar appearance in the case of extinct genera
(Espinoza and Mann, 1991). At the tip, there is a coni-
cal enamel layer, which, however, is worn away during
the life of the animal (Haynes, 1991). Consequently,
it is not usually found in archaeological material, let
alone in very elaborate artefacts. Elephant ivory has
an advantage over other raw materials because of the
amount of material it provides (dentine constitutes
95% of the tusk), especially in tusks from older ani-
mals. The proboscidean tusk is a continuously growing
tooth, so the older the animal, the more raw material
the tusk provides. Dentine is a mineralized connec-
tive tissue with an organic matrix of collagen proteins
(Roylance, 2000-2001). It is a very durable material
because the collagen fibres reinforce the inorganic ma-
trix and give it elasticity (Virag, 2012, p. 1406), while
the inorganic part gives ivory strength and rigidity, and
its laminar configuration and tubule arrangement make
it resistant to flexion (Locke, 2008, p. 447).

Here, four cuts or views of ivory with specific char-
acteristics have been identified to aid in a first taxo-
nomic identification and for the technological study:
1) Transverse plane/cross-section; 2) Natural tangen-
tial plane; 3) Artificial tangential plane; and 4) Radial
plane.

3.1. Transverse plane / Cross-section

One of the most important patterns used to rec-
ognize proboscidean ivory can be found in the cross-
section: the so-called “Schreger Pattern”, also known
in the literature as “Schreger Lines” or “Schreger
Structure” (Schreger, 1800; Espinoza and Mann, 1991,
1993; Virag, 2012). It is described as two sets of alter-
nating light and dark traces/lines which begin at the
centre of the tusk and curve towards its periphery. One
set curves clockwise and the other counterclockwise,
crossing each other and creating rhomboid-shaped ar-
eas between them (Virag, 2012, pp. 1408-1410). In ad-
dition, alternating light and dark concentric bands dis-
play a system similar to the annual rings of deciduous
trees. These bands are a result of the way the dentine
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is deposited (in conical layers). These bands represent
weak zones in the tusk, and are responsible for its sep-
aration into concentric cones, which are often visible
as concentric cracks (Fig. 3) (Krzyszkowska, 1990;
Virdg, 2012, pp. 1408-1411).

When the natural cross-section surface breaks, this
Schreger pattern emerges as a “bulky” surface with
small elevations and depressions (Fig. 4a). Two char-
acteristic patterns could be observed in the transverse
profile of a very altered ivory: (1) a column-like crack-
pattern (cracked) (Fig. 4b and 4c) or (2) a crack-pattern
of intertwined filaments (Fig. 3b).

The intersections of the aforementioned lines form
concave or convex angles (also known as “Schreger
angles”, Virag, 2012, p. 1415). These angles differ
between the different proboscidean taxa (Espinoza

Fig. 3. Valencina de la Concepcion. A. Montelirio tholos. Concentric
cracks in an ivory mouth for a vessel; B. Matarrubilla tholos. Crack-
pattern of intertwined filaments in a very altered ivory segment. Pho-
tos by the author.

and Mann, 1999; Locke, 2008, p. 433). Therefore, the
measurement of these angles is used to discriminate
between extinct and present-day species, with sharper
angles in extinct species such as mammoth, compared
to ivory from modern elephants (Espinoza and Mann,
1991, 1993, 1999; Palombo and Villa, 2001; Trapani
and Fisher, 2003; Abelova, 2008). This distinction
has its limitations. On the one hand, it cannot be used
for small or highly modified archaeological pieces,
because it is not possible to know what angles are
being measured (internal or external). On the other
hand, although some scholars disagree (Nocete Calvo
et al., 2013, p. 1583), the measurement is not valid to
differentiate between African and Asian elephants for
several reasons. Firstly, Schreger’s lines and angles
are more evident near the dentine-cementum area and
less clear near the pulp cavity (Espinoza et al., 1990),
making only external angles useful in principle (Espi-
noza and Mann, 1991, 1999). Thus, using these angles
is of limited use or even impossible on archaeologi-
cal artefacts (which have been heavily manipulated
and modified). Secondly, the net of Schreger’s lines
may change during ontogenetic growth, so that sec-
tions of the same tusk can look quite different (Pal-
ombo and Villa, 2001, p. 657). Thirdly, despite the
increased likelihood of finding more acute angles in
extinct species, there is an overlap of between ~117-
132° between Elephas antiquus compared to African
and Asian elephants while a full overlap exists be-
tween Loxodonta africana and Elephas maximus (see
Palombo and Villa, 2001, p. 659, fig. 3).

3.2. Natural tangential plane

The natural tangential plane/profile is defined here
as the plane which coincides with the separation of the
growth cones. On the one hand, the innermost surface
of the cementum in contact with the dentine (Cemen-
tum-dentine junction = CDJ) is rough, with elevations
and depressions, so that occasional cement inclusions
can be found in the outermost area of the tusk. On the
other hand, the appearance of fine dark and light par-
allel lines is characteristic, formed by subtle grooves
and parallel elevations between them, running along
the longitudinal axis of the tusk (tip to basis) (Fig. Sa-
c). However, not all proboscidean tusks display this
characteristic as this feature can be very subtle (Virag,
2012, pp. 1412-1413).

The so-called feather-pattern is also typical of this
section (Locke, 2008). This feature resembles invert-
ed “U”s or “V”s (Locke, 2008, p. 437, fig. 15; Virag,
2012, p. 1413, fig. 6). The pattern was identified in thin
sections or on the stained natural crack surface (Locke,
2008; Virag, 2012). However, we have verified that
it is visible without preparation or magnification like
a particular crack pattern in degraded archaeological
material that was termed here: the feather-like crack
pattern (Fig. 5d).
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Fig. 4. Valencina de la Concepcion. Transverse profile in archaeological material. A. 10.042-10.049 tholos: “bulky”
surface with small elevations and depressions characteristic of natural fracture; B. Matarrubilla tholos: column-like
crack-pattern (cracked) in dentine and cementum delamination; C. Matarrubilla tholos: Column-like crack-pattern
(cracked) in a small ivory handle. Photos by the author.

Fig. 5. Valencina de la Concepcion: A-C. Separation plane of two dentine cones. See the dark and light parallel lines
formed by subtle grooves and parallel elevations between them; D. Feather-like crack pattern. Photos by the author.
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3.3. Artificial tangential plane

An artificial tangential profile is defined here as
one produced when the tusk is cut parallel to its lon-
gitudinal axis, that is, the growth cones are tangen-
tially cut, the result of clear anthropic manipulation.
The axial cut represents a special tangential cut (one
that passes right through the centre of the tusk). Light
and dark parallel lines can be observed in the artificial
tangential plane and are associated with straight fis-
sures or cracks with the same arrangement. This crack
pattern corresponds to the longitudinal view of the
growth cones. In addition, darker and lighter, slightly
translucent wavy lines can be observed, indicative of
various adjacent cones (Fig. 6). The same features can
be observed on a radial cut although, with a natural
radial fracture, radially oriented sinuous curves could
be observed, in parallel between them (from the cav-
ity wall towards the periphery). These curving lines
may be associated with a mineral discoloration of the
material (Virag, 2012, pp. 1411-1412). Table 2 sum-
marizes the main characteristics and crack-patterns of
proboscidean ivory in each of the aforementioned sec-
tions or cuts.

4. RESULTS
4.1. Techniques and tools

Scraping, abrading, polishing. These techniques
were mainly used in the surface preparation and fin-
ishing of most objects, in many cases interspersing
scraping and coarse abrasion with chiselling. Polish-
ing, or fine-grained abrasion, was implemented for a
final finishing process. Scraping has been identified on
the inner side of several, mainly cylindrical, objects.
After an initial hollowing out, the internal shape of the
pieces was reduced by the progressive removal of ma-
terial with a lithic or metal tool.

Chiselling was used to shape the pieces or in pro-
cedures of thinning the blank, for hollowing or shaping
the form as well. For this purpose, tools with an active,
slightly convex cutting edge, were used.

An incision was used to mark the area of the deco-
rations or to produce the decorations themselves. Many
of the incisions are shallow and have straight, parallel
walls. Due to their regular and straight shape, they may
have been made with a knife, not necessarily serrated,
made from metal, or with a punch.

Fig. 6. Valencina de la Concepcion. Montelirio tholos. Front and back of an object manufactured on plate. Note the multiple straight and parallel
fissures characteristic of the separation of the dentine layers and dark and light, slightly translucent wavy lines, indicative of several tangentially
cut cones. Photos by the author.
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Transverse /Cross section

Natural tangential

Artificial tangential

Radial

Schreger structure:

In polished section: lines cutting into
each other forming tiny diamond-
shaped areas.

If naturally broken: “bulky” surface
with small elevations and depressions

Feather crack pattern

Subtle grooves and
parallel longitudinal
elevations

Occasional cementum
inclusions in the outermost

Growth rings:
Dark and light almost
parallel longitudinal lines

Straight longitudinal
cracks or fissures

Growth rings:
Dark and light almost
parallel longitudinal lines

Straight longitudinal
cracks or fissures

Other characteristics:

If very poorly preserved: intertwined | zone

filaments crack-pattern

Growth rings:
Light and dark concentric bands
Concentric cracks

Other characteristics:

Radial cracks

Column-like crack-pattern (cracked)
Occasional cementum inclusions in
the outermost zone

If naturally broken: radial
sinuous curves with
occasional association of
colour change.

Table 2. Synthesis of the observable cracks/features in each cut/section of a proboscidean tusk. Drawings by the author

Grooving was also a technique used to separate,
not-very-thick, fragments of different sizes. The traces
indicate that a lithic tool like a burin was used.

Sawing. This technique was used in both longitudinal
and transversal actions. The traces identified so far, seem
to indicate, on the one hand, the use of metal tools, and
on the other hand, the clearly visible signs of abrasive
sawing (see definition and characteristics below). How-
ever, the use of lithic tools cannot be ruled out since it
has been demonstrated that flint, for example, is perfect-
ly efficient for working ivory (e. g., Hein, 2011, 2014).
The author herself demonstrated experimentally that
flint tools can be used to work ivory. Examples of metal
saws have been found in Valencina itself and many other
Chalcolithic settlements in the region. Nonetheless, our
experimentation with copper-based saws (forthcoming)
has documented the low penetration efficiency of these
tools, especially when working very thick pieces (such
as when the complete tusk is segmented).

4.1.1. A unique case of “sciage au fil sablé”
or abrasive sawing in the Iberian Prehistory

The only documented case so far found on the Ibe-
rian Peninsula of sawing with a sandy cord was docu-
mented during this research. This term in French could

be translated into Spanish as aserrado por abrasion
(con cuerda) and as “abrasive sawing (with cord)” in
English. The determining stigmata used to identify this
technique were developed by Poplin (1974) (Fig. 7):

— Sawing groove with parallel walls, non V-section.

— A very regular, wavy sawing plane. These undu-
lations are marked by slight lateral displacements in
the sawing “path” during the action created when the
cord lacks a fixed path and is not as guided in the way
the serrated edge of a saw would be. Once properly
engaged, a saw can move only within its own plane.

— Striations are observed running parallel to the un-
dulations. The striations are produced by the abrasive
grains.

— Since this is an abrasive action, the characteristic
sawing traces are blurred. The ripples referred to above
and associated fine grooves and striations are not very
evident and have more rounded cusps connected to the
continuous abrasion.

— Both the undulations and the striations have a
concave-convex shape, following the circular contour
of the elephant’s tusk, to which the tool (a cord) adapts.
The manufacturing traces are practically concentric
where segmentation was attempted, showing that the
movement with the cord was rotary, impacting the sur-
face of the ivory from different angles, as either the
cord or the tusk was turned.
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Fig. 7. Valencina de la Concepcion. 10.042-10.049 tholos. View of
the basis of a cylindrical vessel. On the one hand, the separation of
the growth cones (concentric cracks) can be observed; on the other
hand, a very smooth and regular sawing plane and concentric undu-
lations can be observed. See the circular pedicle in the centre of the
surface. Photos by the author.

— Some traces of straight striations can be observed,
produced by the rubbing of the cord at the point it
leaves the groove.

— A circular pedicle (or small, round, wart-like pro-
tuberance) can be observed located almost at the cen-
tre of the worked surface. This indicates not only that
the movement of the action was rotating, but also that
the final separation was completed by bending. This
small protuberance is the remainder of the part that re-
mained attached after sawing with the cord, and which
was separated when this small bridge was broken off.
This small ‘tongue-shaped’ material was generated by
bending, then slightly regularised by abrasion but not
completely removed.

This technique has been identified in other European
contexts dating back to Neolithic times. R. Bosch (1939)
described it on material from the excavations at Seematte
(ca. 4000 BC- Nielsen, 2016, p. 155). Pétrequin (1970)
identifies it on a deer antler specimen from the Xb level
at Gonvillars (4500-3900 cal BC, 1 ¢ — Denaire, 2009,
p. 671, table 1) and it was later described again on a deer
antler from Neolithic materials coming from the French-
Swiss border (Billamboz, 1977). In addition, F. Poplin
(1974) describes this same technique on a hippopotamus
ivory specimen from the Egyptian Predynastic (3731-
3238 cal BC (95%), Dee et al., 2013).

4.2. Exploitation modes and derived blanks
There were two modes of action seen on the raw

material in relation to the longitudinal axis of the block
(the longitudinal axis is understood as the distance be-

tween the tip of the tusk to the base). The first is trans-
versal exploitation (an action that is perpendicular to
the longitudinal axis) and the second is longitudinal ex-
ploitation (an action that is parallel to the longitudinal
axis). Since no blanks have been found as such within
the study material, the types of blanks were inferred
theoretically by observing the shape of the object and
its relative position within the tusk in light of the struc-
tural peculiarities of the ivory as described in preced-
ing paragraphs.

Transversal exploitation (Fig. 8a) was carried out
using a variety of procedures, namely abrasive sawing
with a cord and bending as well as possibly by percus-
sion using a cutting tool (axe). All segments obtained by
this method of exploitation are cylindrical, or semi-cy-
lindrical. They have in common two oval bases (sawing
or percussion planes) and a curved lateral surface coin-
ciding with the external surface of the tusk. The distance
between the bases marks the height of the blank. In that
way, the ancient craftspeople exploited hollow and com-
pact areas to produce a variety of supports and objects.

Different types of hollow blanks can be obtained
from the area of the pulp cavity:

a) Annular blanks: blanks with two opposing, open,
circular bases and closed curved walls that are hollow
inside and whose wall thickness varies depending on
the area of the tusk from which it was extracted. The
height of the blank depends on the type of object to be
manufactured although it must be less than 2.5/3cm;

b) Tubular blanks: These supports also have closed
curved walls, are cylindrical in shape, and open at both
opposing ends or bases. This type of segment can have
a height of more than 3 cm.

The compact part of the tusk extends from the end
of the pulp cavity toward the tip. If this tusk section is
exploited it is possible to obtain massive, large-volume
blanks.

The following kind of support has been identified
as coming from this part of the tusk:

c) Slice: compact flat blanks with two ovoid bases
that are less than 2.5/3cm high. Within the material so
far studied, the slice fragments are less than lcm high;

d) Cylindrical blanks: These solid supports have
a more or less cylindrical shape with heights of more
than 3 cm;

¢) Compact natural blanks: These supports are pro-
duced from the distal end of the tusk, including the tip of
the tusk, thus preserving the natural shape of the tooth.

In addition, the mixed zone of the tooth, where
the transition from the pulp cavity to the solid part of
the tusk is located, could be very cleverly exploited.
It is possible to obtain supports with one open and
one closed base from this intermediate area producing
blanks of type:

f) Open cylinder blanks: These supports have one
of their bases open, coinciding with the pulp cavity
while the opposite end is closed, and

g) Open natural blanks: These supports are manu-
factured from the pulp cavity as well and include part

Trab. Prehist., 80, N.° 1, enero-junio 2023, 08, ISSN-L: 0082-5638 | eI[SSN: 1988-3218

https://doi.org/10.3989/tp.2023.12323


https://doi.org/10.3989/tp.2023.12323

Ivory technology: tools, techniques and production modes in the Iberian Copper Age... 11

A Use of the pulp cavity = hollow blanks
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Fig. 8. Elephant tusk exploitation modes and derived blanks: A. Transverse exploitation; B. Longitudinal exploitation. Drawings and photos by
the author.
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of distal end, including the tip, thus, preserving the
natural shape of the tusk.

Longitudinal exploitation (Fig. 8b) is produced
from a first segment obtained by transversal exploita-
tion (terminological synonyms include tron¢onnage
or segmentation). The intention was to obtain, in most
cases, a flat blank of a certain size (plate), or elon-
gated and narrow supports. Rectangular plates can be
obtained from transversal blanks by making parallel
“cuts”, tangential to the growth cones, or by breaking
off a section. In the case of compact cylindrical sup-
port, this kind of extraction permits a greater number
of plates to be obtained. It is also possible to obtain thin
curved blanks (or curved plates) from tubes produced
from the proximal area of the tusk.

Longitudinal exploitation provides the following
types of blanks:

h) Plate: These supports are much thinner in rela-
tion to their length and width dimensions. The lower
and upper surfaces coincide with the longitudinal saw-
ing planes and the distal and proximal edges with those
produced by the segmentation. The left and right edges
coincide with the outer wall of the tusk (and as found
in some objects also include the cementum);

i) Curved plate: These supports are thin and con-
cave-convex. The concave face coincides with the wall
of the pulp cavity and the convex face with the exter-
nal surface of the tusk. The distal and proximal edges
are formed by the cutting planes produced by segmen-
tation, and the left and right edges coincide with the
outer wall of the tusk (including the cementum). Third-
generation longitudinal supports are represented by:

j) Bars or rods (of varying cross-sections depending
on the orientation of the cuts) and

k) Small plates obtained by multi-partitioning a plate.

Of the pieces in the studied ensemble, 48 items
were obtained using the transversal mode while 127
were obtained longitudinally (Table 1).

Of the few 14 production waste pieces identified
from the site, 7 are remains of transversal actions
and come from the adjacent sectors IES and DIA (for
a description of the contexts, we refer the reader to
Luciafiez-Trivifio et al., 2021). These remains corre-
spond to fragments of indeterminate shape (N = 3),
small fragments of slices less than 8mm thick (N = 3),
as well as a portion of a larger slice that corresponds
to almost 1/4 of a slice (16mm on its thickest side).
The following artefacts (N = 26) were obtained by seg-
mentation: small diameter rings, bracelets, rectangular
boxes, cylinders, oval-based vessels, a cornucopia or
musical instrument, and a possible handle, as well as
other fragments of unidentifiable objects. Therefore,
most of the studied assemblage was obtained by lon-
gitudinal mode. The longitudinal manufacturing waste
corresponds to fragments or segments of geometric
shapes, mainly elongated prisms, all coming from the
archaeological structures of IES and DIA sectors. A
wide range of objects was produced on longitudinal
supports: plates (decorated or undecorated), with or

without perforations; lids of composite objects, all the
combs, all the discs with central perforations, a spiral,
all acorn figurines (except one), all zoomorphic figu-
rines, all barrel vault beads and square beads, as well
as a large handle.

5. DISCUSSION AND CONCLUSIONS

The characteristics set out in this paper are observ-
able both in fresh or well-preserved ivory, as well as
in archaeological or deteriorated ivory. In the case of
the latter, as we outlined, these pieces develop crack
patterns that reveal the underlying, specific structure of
the ivory as raw material. Knowledge and recognition
of these characteristics and structures are essential in
order to recognise the ways ivory was worked and how
the blanks were extracted from the tusk. Observing
these details in archaeological artefacts and particular-
ly in the finished objects themselves, helps to identify
the position, at least the relative position, of the blank
(and the object) and where it was taken out from the
tusk. In short, both the characteristics described above
and the proposed methodology and vocabulary can be
applied to any material, regardless of the period. The
use of this methodology could facilitate knowledge of
ivory craftsmanship generally and allow assemblages
to be compared.

The traces still preserved on the artefacts and the
production waste enabled the reconstruction of part of
the sequence of ivory working in the third millennium
BC in the Iberian Peninsula. The tool kit used by the
craftspeople was much more extensive than has been
generally thought. The ivory processing involved metal
and lithic tools, various abrasives, cords (possibly made
of plant matter), as well as probably many other sup-
porting materials made of wood, such as workbenches,
grips, etc. The use of abrasive sawing dates to approx.
4000-3200 BC, as the evidence described indicates,
including this study. The objects with abrasive sawing
marks on them come from structure 10.042-10.049,
whose first use dates back to around 3725 cal BC
(Garcia Sanjuan et al., 2018a). The use of this technique
could be traced back to the inefficiency of copper-based
saws from the Chalcolithic period, at least as far as the
material culture of the Iberian Peninsula is concerned.
This inefficiency would have led to the search for a
more efficient method of working on osseous materials.
The author demonstrated experimentally that the model
based on the Valencina-type saws that were used was
not able to penetrate the ivory. On the contrary, experi-
mentation with abrasives and cords proved to be a very
effective segmentation method®.

All parts of the tusk can be exploited in such a way as
to maximise its productivity and therefore the final ob-
ject to be manufactured determined the part of the tusk

¢ Details of the experimentation will be published soon.
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that would be exploited. It can be concluded that there
was standardised exploitation during the Chalcolithic
period. The standardization was aimed at the manufac-
ture of particular blanks, based on the knowledge and
use of the different tusk parts (hollow and compact) in a
differential and specific way. Thus, the proximal part of
the tusk was specifically used for the manufacture of ob-
jects that required a hollow internal area while the distal
area of the tusk toward the tip was used for the manufac-
ture of solid and round objects and plates.

The transversal mode was the first kind of exploita-
tion with the aim of segmenting the tusks and obtain-
ing, more or less, thick, compact, or hollow portions.
Sometimes segmentation was carried out to facilitate
the handling of the tusk (which can be very heavy and
large) and in other cases to obtain secondary blocks
to produce supports from which vessels, cylindrical
boxes, or rectangular boxes were made.

The longitudinal method of exploitation is clearly
independent of the first transverse mode, even though
it is necessary for the first instance to obtain segments
of ivory by segmentation. Conceptually, what was
sought after were flat rectangular supports to manufac-
ture flat objects such as combs or plates, but also all
kinds of beads or discs.

Among the pieces studied here, 52.5% were manu-
factured on longitudinal blanks. This proportion makes
it appear that both modes of exploitation were used to
the same extent, but this is an unrealistic picture when
all the indeterminate pieces are counted (N = 67). If
only those items whose mode has been clearly identi-
fied are considered (Transversal, N = 48; Longitudinal,
N = 127; Total, N = 175) then a truer picture emerges:
Altogether, 72.6% of the objects are manufactured on
longitudinal plates, while 27.4% are produced from
transversal blanks.

The data obtained clearly show that longitudinal
mode was the preferred method, probably because
it permitted the greatest number of objects to be ob-
tained, even in the production of disc-shaped objects
for which it would seem to be more convenient and
obvious to use thin slices. The discs with central perfo-
rations found in Montelirio tholos were made this way
(Fig. 9). They were manufactured from longitudinal
plates and clearly not from slices. The discs appeared
in the Large Chamber of Montelirio in even numbers
(N=10) and are “paired” according to their size (see Ta-
ble 3): four larger discs with very regular diameters of
between 40 and 41.25 mm (in decreasing order of size:
CG/328-61, CG/328-60, CG/328-60 and CG/327-1):
CG/328-61, CG/328-60, MONT-DJ09/19-CG/337-1
and CG/328-138); two medium disks of ©32.8 and
933.45mm (CG/337-2 and CG/337-3) and four small
ones of diameters between 22.26 and 23.3 mm (in de-
creasing order: CG/318-104, CG/328-105, CG/318-
102 and CG/318-103). Not all discs display traces of
cementum, so they were not all produced from precise-
ly the same area of the tusk. The study of the disc sizes,
the absence or presence of cementum, its location, and

Fig. 9. A. San José de la Rinconada (Seville): Detail of a fragment of
an Elephas (Palaeoloxodon) antiquus tusk from museum of San José
de la Rinconada (Seville) with delamination of the growth layers; B.
Montelirio: Reverse of disc 337-3: note the surface with straight and
parallel undulations on the fracture surface. These undulations are
characteristic of the separation of concentric layers near the periph-
ery, similar to the specimen shown in A; C. Montelirio: Reverse of
disc 328-61: the black arrows indicate the Cementum Dentine Junc-
tion (CDJ), evidenced by two opposing zones, with different colour-
ing and texture than the central area where the dentine is located.
The arrows in the transversal view also indicate CDJ, in addition,
the Schreger structure can be seen in the dentine. 3 cm scale. Photos
by the author.

extent permit reconstruction of the manufacturing se-
quence and propose with some reliability that, in this
case, all 10 objects may have been efficiently extracted
from the same segment of a tusk, that is, from a cylin-
drical blank, as an example of the high performance of
the procedures and methods employed (Fig. 10).

This manner of working the material is several mil-
lennia ahead of what in prolific areas such as Anatolia
would not be seen until the end of the Bronze Age. A
similar level of exploitation can only be found in the
eastern Mediterranean and from much more recent pe-
riods. For example, a set of decorative plaques from
Tiglat-pileser II-I’s palace (745-727 BC) at Ugarit, the
modern city of Arslantas (De Pietri, 2020) revealed a
similar kind of production method. The plates, used to
decorate some kind of furniture, possibly a bed, were
extracted longitudinally, possibly from a single large
tusk, or more likely, from a pair of tusks (Caubet and
Poplin, 1987, fig. 16, p. 287). Nevertheless, similarly
but in a different way, high-performance exploitation
was also characteristic of hippopotamus ivory in the
same area. In Syria and Anatolia, hippopotamus ivory,
rather than elephant ivory, was the preferred raw mate-
rial from the IV millennium BC and until the end of
the Bronze Age, as evidenced by some objects com-
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Invent. Num. Conservation State Weight Thickness O max O perfo
(MONT-DJ09/19-) (gr) Average (mm) (mm) (mm)
CG/337-1 Complete Complete 7,72 6,41 40,07 3,91
CG/337-2 Complete Complete 3,95 4,26 32,8 3,31
CG/337-3 Complete Fragmentary 5,77 5,87 33,45 3,2
CG/318-103 Half disc Fragmentary 0,53 3,18 22,26 3,09
CG/318-102 Almost complete Fragmentary 1,49 3,7 23,1 2,29
CG/318-104 Half disc Fragmentary 0,85 3,8 23,3 X
CG/328-60 Complete Complete 6,68 3,8 40,25 3,37
CG/328-61 Complete Fragmentary 7,78 4,92 41,25 2,67
CG/328-105 Half disc Fragmentary 1,72 4,35 23,1 X
CG/328-138 Half disc Fragmentary 4,42 4,05 40 3,82

Table 3. Data of discs with central perforation of the tholos of Montelirio (Valencina de la Concepcion, Seville).

ing from IV and III millennium, high-status contexts
(Schwartz et al., 2003; Frangipane, 2004; Caubet, 2013,
p- 450; De Pietri, 2020). Later, from contexts dating to
around 1800 BC, craftspeople cleverly exploited the
anatomic possibilities of the hippo tusks: the proximal
area to produce plaques and the distal (solid) region for
creating objects with three-dimensional volume. How-
ever, two major technical changes took place in ivory
working during the Late Bronze period: 1) the number
of artifacts made from ivory increased and 2) the use
of elephant ivory was introduced on a large scale, al-
though without replacing hippo ivory (Caubet, 2013, p.

451). In the Iberian Peninsula, however, from the III
millennium BC, elephant ivory was the dominant mate-
rial, with very occasional exploitation of other types of
ivory (e. g., sperm whale; Schuhmacher ez al., 2013b).
On the other hand, the question of the local or non-
local production of objects is a recurrent debate among
scholars. The main and general problem lies in linking
(that is, whether the pieces belong to the same chaine
opératoire) the wastes in so-called workshops with the
objects in the tombs, something which is often not pos-
sible, or has simply not been attempted. In the case in
point, there are some indications that this ivory material

328-138

Dentine

Cementum

328-60

337-1

Fig. 10. Hypothetical reconstruction of the manufacture of the Montelirio discs. The inventory number of the discs that can be most reliably
located within a segment are indicated. The four largest discs are shown in yellow with dotted background and the two medium-sized ones in
shaded orange. The hypothetical positions of the four smaller discs whose position could not be located with any degree of certainty are shown

in white with a question mark. Drawings by the author.
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was worked locally but to what extent is yet unknown. In
any case, local working of ivory could not have started
before £2800 cal BC. Two radiocarbon dates are avail-
able directly on two pieces of ivory waste from Structure
402 (IES Sector). Both fragments could derive from the
same episode of ivory working dating back to 2855-2580
cal BC (20) (Garcia Sanjuan et al., 2018a). The activity
in the tholos of Montelirio, dates to 2875-2635 cal BC
(20), while the use of Structure 10.042 (the first section
of structure 10.042-10.049) yielded an older dating of
3725-1840 cal BC (20) (Garcia Sanjuan ef al., 2018a).
The recurrent failure to date some sectors and structures
containing ivory objects in Valencina (Garcia Sanjuan
et al., 2013, 2018a) makes it difficult to get a clearer
vision of the arrival, use, and consumption of ivory as
well as the production of objects. Given the current data,
a much more varied and fluid scenario should be con-
sidered. Before the 29" century BC this raw material,
together with several finished or semi-finished objects
and the know-how of how to manufacture it, could have
come to Valencina from other areas in the Mediterra-
nean. Subsequently, local craftspeople, or even foreign
craftspeople established in the area, could have worked
the imported ivory locally.

Much still needs to be learned about ivory crafts-
manship in general and in particular around the Medi-
terranean because of a lack of technological studies.
Missing information makes it impossible or very dif-
ficult to compare assemblages and therefore to observe
the emergence, evolution, or change and the transfer
of knowledge of this craft. Nevertheless, it can be said
that from its beginnings, ivory working emerged as a
specialised craft, with highly refined procedures, pos-
sibly based on previous manufacturing experience with
working other materials such as wood and bone.

DECLARATION OF COMPETING INTEREST

The author declares that she has no known com-
peting financial interests or personal relationships that
could have appeared to influence the work reported in
this paper.

ACKNOWLEDGEMENTS

I would like to thank Sonia O’Connor for her help
during these years, in the identification of dubious ivory
pieces, through an almost continuous exchange of im-
pressions on the different characteristics and alterations
found in this material. I thank the staff of the Museum
of Seville (MASE) and the Casa Museco of Valencina,
as well as all the archaeologists, who have provided
material and support for the study. Last but not least, I
would like to thank my colleague Alice Choyke for her
feedback on the draft of this paper. Many thanks also
to the reviewers for their comments and suggestions,
which have helped to improve this work.

FUNDING SOURCES

This research was carried out thanks to two re-
search contracts funded by the Basque Government
and awarded to the author (Programa Predoctoral de
Formacién de Personal Investigador no Doctor, 2013-
2016 and Programa Posdoctoral de Perfeccionamiento
de Personal Investigador Doctor, 2019-2022).

BIBLIOGRAPHY

Abelova, M. (2008). “Schreger pattern analysis of Mammuthus primige-
nius tusk: analytical approach and utility.” Bulletin of Geosciences, 83
(2): pp. 225-232. DOT: https:/doi.org/10.3140/bull.geosci.2008.02.225

Albéric, M. (2014). Etude chimique et structurale de I’ivoire d’éléphant
moderne et ancien. Doctoral thesis. Paris: Université Pierre et Marie
Curie, Paris VI, NNT: 2014PA066258.

Altamirano Garcia, M. (2011). “Bone industry from the Bronze Age in
Central Iberia. The settlement of La Motilla del Azuer.” In: Baron, J.,
and Kufel-Diakowska, B. (Eds.). Written in bones. Studies on techno-
logical and social contexts of past faunal skeletal remains. Wroclaw:
University of Wroclaw, pp. 273-284.

Altamirano Garcia, M. (2012a). “Artefactos 6seos del yacimiento de la
Edad del Bronce del Cerro de la Encina (Monachil, Granada).” 4r-
queologia y Territorio, 9: pp. 73-94.

Altamirano Garcia, M. (2012b). “Elementos de adorno personal en mate-
rias duras de origen animal de la motilla del Azuer. Una aproximacion
a las técnicas de manufactura.” Cuadernos de Prehistoria y Arque-
ologia de la Universidad de Granada, 22: pp. 287-308.

Altamirano Garcia, M. (2014a). “Hueso, asta y marfil: manufactura de
artefactos durante el I1I milenio a.C. en el poblado de Los Castillejos
(Montefrio, Granada).” Saguntum, 46: pp. 21-40.

DOL: https://doi.org/10.7203/sagvntvm.46.3266

Altamirano Garcia, M. (2014b). “Not only bones. Hard animal tissues as
a source of raw material in 3rd millennium BC South-Eastern Iberia.”
Menga: Revista de Prehistoria de Andalucia, 5: pp. 43-67.

Averbouh, A. (2001). “Methodological specifics of the techno-economic
analysis of worked bone and antler: mental refitting and methods
of application.” In: Alice, C., and Bartosiewicz, L. (Eds.). Crafting
bone: skeletal technologies through time and space — Proceedings of
the 2" meeting of the (ICAZ) Worked bone research group (Budapest
1999). British Archaeological Reports International Series, 937. Ox-
ford, Archaeopress: pp. 111-122.

Averbouh, A. (Ed.) (2010). Multilingual lexicon of bone industries. Ver-
sion 1, part I: Francais, English, Italiano, Espafol. Aix-en-Provence:
Groupement de Recherche Européen /European Research Group
Prehistoric Exploitation of Osseous Materials in Europe. Avail-
able at: http://gdreprehistos.cnrs.fr/medias/fichier/gdre-prehistos-
archaeological-studies-1_1355233470300-pdf (access 19/10/2022).

Averbouh, A., and Provenzano, N. (1998-1999). “Propositions pour une
terminologie du travail préhistorique des matiéres osseuses. 1. Les tech-
niques.” Préhistoire Anthropologie Méditerranéennes, 7-8: pp. 5-25.

Barciela Gonzalez, V. (2006). Los elementos de adorno de El Cerro de El
Cuchillo (Almansa, Albacete). Estudio tecnolégico y funcional. Al-
bacete: Instituto de Estudios Albacetenses Don Juan Manuel.

Barciela Gonzalez, V. (2007). “El trabajo del marfil en la prehistoria re-
ciente de la region central del mediterraneo peninsular: analisis tec-
noldgico y experimental de los adornos personales.” In: Ramos Sainz,
M.* L., Gonzélez Urquijo, J. E., and Baena Preysler, J. (Eds.). Arque-
ologia experimental en la Peninsula Ibérica: investigacion, didactica
y patrimonio. Congreso Espaiiol de Arqueologia Experimental (San-
tander 2005). Santander: Asociacion Espafiola de Arqueologia Ex-
perimental, pp. 265-274.

Barciela Gonzalez, V. (2012). “Tecnologia del marfil en la Edad del
Bronce de la Meseta sur (Espafia).” In: Banerjee, A., Lopez Padilla,
J. A., and Schuhmacher, T. X. (Eds.). Elfenbeinstudien. Faszikel 1:
Marfil y elefantes en la Peninsula Ibérica y el Mediterrdaneo. Actas
del coloquio internacional (Alicante 2008). Iberia Archaeologica, 16
(1). Alicante: Internationale Tagung y Museo Arqueoldgico de Ali-
cante, pp. 199-214.

Trab. Prehist., 80, N.° 1, enero-junio 2023, ¢08, ISSN-L: 0082-5638 | eISSN: 1988-3218

https://doi.org/10.3989/tp.2023.12323


https://doi.org/10.3989/tp.2023.12323
https://doi.org/10.3140/bull.geosci.2008.02.225
https://doi.org/10.7203/sagvntvm.46.3266
http://gdreprehistos.cnrs.fr/medias/fichier/gdre-prehistos-archaeological-studies-1_1355233470300-pdf
http://gdreprehistos.cnrs.fr/medias/fichier/gdre-prehistos-archaeological-studies-1_1355233470300-pdf

16

Miriam Lucianez-Triviiio

Billamboz, A. (1977). “L’industrie en bois de cerf en Franche-Comté au
Néolithique et au début de I’Age du Bronze.” Gallia Préhistoire, 20
(1): pp. 91-176. DOI: https://doi.org/10.3406/galip.1977.1551

Blasco Martin, M. (2015). “El trabajo sobre hueso, asta y marfil en Co-
valta. Evidencias de un taller de Epoca Ibérica.” Recerques del Museu
d’Alcoi, 24: pp. 43-58.

Bosch, R. (1939). Die Ausgrabungen in der steinzeitlichen Pfahlbaute
»Seematte« (Gemeinde Hitzkirch) am Baldeggersee 1938. Innersch-
weizer Jahrbuch fiir Heimatkunde, 4/5. Luzern: Réber, pp. 130-146.

Caubet, A. (2013). “Working ivory in Syria and Anatolia during the Late
Bronze-Iron Age.” In: Yener, K. A. (Ed.). Across the Border: Late
Bronze-Iron Age Relations between Syria and Anatolia. Proceedings
of a Symposium held at the Research Center of Anatolian Studies,
Istanbul, May 31-June 1 2010. Ancient Near Eastern studies, Supple-
ment, 42. Leuven: Peeters, pp. 449-463.

Caubet, A., and Poplin, F. (1987). “Les objets de matiere dure animale
étude du matériau.” In: Yon, M. (Ed.). Ras Shamra-Ougarit III. Le
centre de la ville. 38°-44°Campagnes (1978-1984). Paris: ADPF, pp.
273-306.

Choyke, A., and O’Connor, S. (Eds.) (2013). From these bare bones. Raw
materials and the study of worked osseous objects. Oxford . Oxbow
Books.

Christensen, M. (1999). Technologie de I'ivoire au Paléolithique supé-
rieur: Caractérisation physico-chimique du matériau et analyse fonc-
tionnelle des outils de transformation. British Archaeological Reports
International Series, 751. Oxford: Archaeopress.

Cintas Pefia, M., Garcia Sanjuan, L., Diaz-Zorita Bonilla, M., Herrero-
Corral, A. M., and Robles Carrasco, S. (2018). “La poblacion no
adulta del asentamiento calcolitico de Valencina de la Concepcion
(Sevilla): Una aproximacion demografica, contextual y socioldgica.”
Trabajos de Prehistoria, 75 (1): pp. 85-108.

DOT: https://doi.org/10.3989/tp.2018.12205

De Pietri, M. (2020). From Thebes to Arslantas: ivory iconography
through Egypt, Ugarit, Byblos and Megiddo. Trieste: EUT Edizioni
Universita di Trieste.

Dee, M., Wengrow, D., Shortland, A., Stevenson, A., Brock, F., Girdland
Flink, L., and Bronk Ramsey, C. (2013). “An absolute chronology for
early Egypt using radiocarbon dating and Bayesian statistical model-
ling.” Proceedings of the Royal Society A: Mathematical, Physical
and Engineering Sciences, 469 (2159): 20130395.

DOI: https://doi.org/10.1098/rspa.2013.0395

Denaire, A. (2009). “Radiocarbon dating of the western European Neo-
lithic: comparison of the dates on bones and dates on charcoals.” Ra-
diocarbon, 51 (2): pp. 657-674.

DOTI: https://doi.org/10.1017/s0033822200056009

Deschler-Erb, S. (1998). Rémische Beinartefakte aus Augusta Raurica.
Rohmaterial, Technologie, Typologie und Chronologie. Forschungen
in Augst 27. Augst: Rémermuseum.

Diaz-Zorita Bonilla, M. (2017). The Copper Age in South-West Spain: A
bioarchaeological approach to prehistoric social organisation. Brit-
ish Archaeological Reports International Series, S2840. Oxford: BAR
Publishing.

Espinoza, E. O., and Mann M. (1991). Identification guide for ivory and
ivory substitutes. Richmond: World Wildlife Fund & Conservation
Foundation.

Espinoza, E. O., and Mann M. (1993). “The history and significance of
the Schreger pattern in proboscidean ivory characterization.” Journal
of the American Institute for Conservation, 32: pp. 241-248.

DOI: https://doi.org/10.1179/019713693806124866

Espinoza, E. O., and Mann M. (1999). Guia para la identificacion del
marfil y los substitutos del marfil. Gland: World Wildlife Fund &
Conservation Foundation.

Espinoza E. O., Mann, M., Lemay, J. P., and Oakes. A. (1990). “A method
for differentiating modern from ancient proboscidean ivory in worked
objects.” Current Research in the Pleistocene, 7: pp. 81-83.

Feldhamer, G. A., Drickamer, L. C., Vessey, S. H., Merritt, J. F., and Kra-
jewski, C. (1999). Mammalogy: adaptation, diversity, and ecology.
Boston: McGraw-Hill.

Frangipane, M. (Ed.) (2004). Alle origini del potere: Arslantepe, la col-
lina dei leoni. Catalog of an exhibition, held in Rome, Palazzo Al-
temps, Oct. 13, 2004-June 9. Milan: Electa.

Garcia Sanjuan, L. (2013). “El asentamiento de Valencina de la Concep-
cion: estado actual de la investigacion, debates y perspectivas.” In:
Garcia Sanjuan, L., Vargas Jiménez, J. M., Hurtado Pérez, V., Cruz-
Aufion Briones, R., and Ruiz Moreno, T. (Eds.). El asentamiento pre-
historico de Valencina de la Concepcion (Sevilla): investigacion y tu-

tela en el 150 aniversario del descubrimiento de La Pastora. Sevilla:
Secretariado de Publicaciones, Universidad de Sevilla. pp. 21-59.

Garcia Sanjuan, L. (2017). “Farming economy and wealth economy in
the Copper Age of the Lower Guadalquivir River: Debating strategic
resources at Valencina de la Concepcion (Seville, Andalusia, Spain).”
In: Bartelheim, M., Bueno Ramirez, P., and Kunst, M. (Eds.). Key
resources and Socio-Cultural Developments in the Iberian Chal-
colithic. Tiibingen: Ressourcen Kulturen 6, Library Publishing, pp.
237-256.

Garcia Sanjuan, L., Cintas-Pefia, M., Bartelheim, M., and Luciafiez-Trivi-
o, M. (2018b). “Defining the ‘elites” a comparative analysis of social
ranking in Copper Age Iberia.” In: Meller, H., Gronenborn, D., and
Risch, R. (Eds.). Uberschuss ohne Staat Politische Formen in der Vor-
geschichte. 10 Mitteldeutscher Archdologentag (Halle, Saale 2017).
Halle: Tagungen Landesmuseum fiir Vorgeschichte, pp. 311-333.

Garcia Sanjuan, L., and Murillo-Barroso, M. (2013). “Social complexity
in Copper Age southern Iberia (ca. 3200-2200 cal BC): Reviewing the
‘state” hypothesis at Valencina de la Concepcion (Seville, Spain).” In:
Berrocal, M. C., Garcia Sanjuan, L., and Gilman Guillén, A. (Ed.).
The Prehistory of Iberia: debating early social stratification and the
state. New York: Routledge, pp. 135-156.

Garcia Sanjuan, L., Luciafiez-Trivifio, M., Schuhmacher, T., Wheatley, D.
W., and Banerjee, A. (2013). “Ivory craftsmanship, trade and social
significance in the southern Iberian Copper Age: the evidence from
the PP4- Montelirio sector of Valencina de la Concepcion (Seville,
Spain).” European Journal of Archaeology, 16 (4): pp. 610-635.
DOI: https://doi.org/10.1179/1461957113y.0000000037

Garcia Sanjuan, L., Vargas Jiménez, J. M., Céceres Puro, L., Costa Cara-
mé, M. E., Diaz-Guardamino-Uribe, M., Diaz-Zorita Bonilla, M., ...
and Whittle, A. (2018a). “Assembling the dead, gathering the living:
radiocarbon dating and Bayesian modelling for Copper Age Valenci-
na de la Concepcion (Sevilla, Spain).” Journal of World Prehistory,
31 (2): pp. 179-313. DOL: https://doi.org/10.1007/s10963-018-9114-2

Garcia Sanjuan, L., Lozano Rodriguez, J. A., Sanchez Lirazo, O., Gibaja
Bao, J., and Aranda Sanchez, V. (2016). “La industria litica del tho-
los de Montelirio.” In: Fernandez Flores, A., Garcia Sanjuan, L., and
Diaz-Zorita Bonilla, M. (Eds.). Montelirio: Un Gran Monumento
Megalitico de la Edad del Cobre. Sevilla: Consejeria de Cultura de la
Junta de Andalucia, pp. 203-244.

Hahn, J. (1986). Kraft und Agression, Die Botschaft der Eiszietkunst im
Aurignacien Siiddeutchlands? Archdologica Venatoria, 7. Tiibingen:
Verlag.

Hahn, J., Menu, M., Taborin, Y., Walter, Ph., and Widemann, F. (Eds.)
(1995). Le travail et l'usage de l’ivoire au paléolithitique supérieur:
actes de la Table Ronde (Ravello 1992). Roma: Istituto poligrafico e
Zecca dello Stato, Libreria dello Stato.

Haynes, G. (1991). Mammoths, mastodonts, and elephants: Biology, be-
haviour, and the fossil record. Cambridge: Cambridge University Press.

Heckel, C. (2009). “Physical characteristics of mammoth ivory and their
implications for ivory work in the Upper Paleolithic.” Mitteilungen
der Gesellschaft fiir Urgeschichte, 18: pp. 71-91.

Heckel, C., and Wolf, S. (2014). “Ivory debitage by fracture in the Au-
rignacian: experimental and archaeological examples.” Journal of
Archaeological Science, 42: pp. 1-14.

DOI: https://doi.org/10.1016/j.jas.2013.10.021

Hein, W. (2011). “With flintstone and ivory.” In: Banerjee, A., and
Eckmann, C. (Eds.). Elfenbein und Archdologie. INCENTIVUS-
Tagungsbeitrige, 2004-2007. Mainz: Verlag des Romisch-Germanis-
chen Zentralmuseums, 43-46.

Hein, W. (2014). “Lion Man & Co. Ivory experimentation.” The return
of the Lion Man: history — myth — magic. Exhibition catalog. Ulmer
Museum. Ulm: Thorbecke Jan Verlag, pp. 150-153.

Hunt Ortiz M. A., Consuegra Rodriguez, S., Diaz del Rio Espaiiol, P.,
Hurtado-Pérez, V., and Montero-Ruiz, I. (2011). “Neolithic and Chal-
colithic —VT to III millennia BC— use of cinnabar (HgS) in the Iberian
Peninsula: analytical identification and lead isotope data for an early
mineral exploitation of the Almadén (Ciudad Real, Spain) mining
district.” In: Ortiz, J. E., Puche, O., Rabano, I., and Mazadiego, L. F.
(Eds.). History of research in mineral resources, 35" Conference of
the International Commission on the History of Geological Sciences
(Madrid y Almadén, Esparia 2010). Cuadernos del Museo Geomine-
ro, 13. Madrid: Instituto Geologico y Minero de Espaia, pp. 3-14.

Hunt Ortiz, M., and Hurtado Pérez, V. (2010). “Pigmentos de sulfuro de
mercurio (cinabrio) en contextos funerarios de época calcolitica en el
Sur de la peninsula ibérica: investigaciones sobre el uso, depositos
minerales explotados y redes de distribucion a través de la caracteri-

Trab. Prehist., 80, N.° 1, enero-junio 2023, 08, ISSN-L: 0082-5638 | eI[SSN: 1988-3218

https://doi.org/10.3989/tp.2023.12323


https://doi.org/10.3989/tp.2023.12323
https://doi.org/10.3406/galip.1977.1551
https://doi.org/10.3989/tp.2018.12205
https://doi.org/10.1098/rspa.2013.0395
https://doi.org/10.1017/s0033822200056009
https://doi.org/10.1179/019713693806124866
https://doi.org/10.1179/1461957113y.0000000037
https://doi.org/10.1007/s10963-018-9114-2
https://doi.org/10.1016/j.jas.2013.10.021

Ivory technology: tools, techniques and production modes in the Iberian Copper Age... 17

zacion composicional e isotopica.” In: Sainz Carrasco, M. E., Lopez
Romero, P., Cano Diaz-Tendero, M. A., and Calvo Garcia, J. C. (Eds.).
Actas del VIII Congreso Ibérico de Arqueometria (Teruel 2009).
Teruel: Seminario de Arqueologia y Etnologia Turolense, pp. 123-132.

Kardong, K. V. (1999). Vertebrados: anatomia comparada, funcion,
evolucion. Madrid: McGraw-Hill, Interamericana de Espafia.

Khlopatchev, G. A. (2001). “Mammoth tusk processing using the knap-
ping technique in the Upper Paleolithic of the Central Russian Plain.”
In: Cavarretta, G., Gioia, P., Mussi, M., and Palombo, M. R. (Eds.).
La terra degli elefanti/The world of elephants. Proceedings of the 1*
International Congress (Rome 2001). Roma: Consiglio Nazionale
delle Ricerche, pp. 444-447.

Khlopatchev, G. A., and Girya, E. Y. (2010). Sekrety drevnikh kostorezov
Vostochnoy Yevropy i Sibiri: privemy obrabotki bivnya mamonta i
roga severnogo olenya v kamennom veke (po arkheologicheskim i
eksperimental 'nym dannym). Nauka. Sankt Peterburg. Available at:
https:/lib.kunstkamera.ru/rubrikator/05/978-5-02-025599-9 (ac-
cessed 19-10-2022)

Krzyszkowska, O. (1990). Ivory and related materials: an illustrated
guide. London: Institute of Classical Studies.

Lacalle Rodriguez, R., Guijo Mauri, J. M., and Cruz-Aufién Briones, R.
(2000). “Estudio antropolégico de cinco sepulturas prehistoricas de
Castilleja de Guzman (Sevilla).” Actas do 3° Congresso de Arque-
ologia Peninsular (Vila Real, Portugal 1999) 1X. Porto: ADECAP,
pp. 343-359.

Liesau von Lettow-Vorbeck, C., and Schuhmacher, T. X. (2012). “Un
taller de marfil en el yacimiento argarico de Fuente Alamo (Cue-
vas del Almanzora, Almeria).” In: Banerjee, A., Lopez Padilla, J.
A., and Schuhmacher, T. X. (Eds.). Elfenbeinstudien. Faszikel 1:
Marfil y elefantes en la Peninsula Ibérica y el Mediterraneo. Actas
del coloquio internacional (Alicante 2008). Iberia Archaeologica,
16 (1). Alicante: Internationale Tagung y Museo Arqueologico de
Alicante, pp. 121-138.

Liesau von Lettow-Vorbeck, C., Aparicio Alonso, M. T., Araujo Armero,
R., Llorente Rodriguez, L., and Morales Muiiiz, A. (2014). “La fauna
del Sector PP4-Montelirio del yacimiento prehistorico de Valencina
de la Concepciodn (Sevilla). Economia y simbolismo de los animales
en una comunidad del III milenio.” Menga: Revista de Prehistoria de
Andalucia, 5: pp. 69-97.

Locke, M. (2008). “Structure of Ivory.” Journal of Morphology, 269 (4):
pp. 423-450. DOI: https://doi.org/10.1002/jmor.10585

Lopez Padilla, J. A. (2012). “Dinamica de produccion y consumo de
marfil en el sudeste y area centro-meridional del levante peninsular
entre ca. 200 BC y ca. 1200 BC.” In: Banerjee, A., Lopez Padilla,
J. A., and Schuhmacher, T. X. (Eds.). Elfenbeinstudien. Faszikel 1:
Marfil y elefantes en la Peninsula Ibérica y el Mediterrdaneo. Actas
del coloquio internacional (Alicante 2008). Iberia Archaeologica, 16
(1). Alicante: Internationale Tagung y Museo Arqueoldgico de Ali-
cante, pp. 139-155.

Lopez Padilla, J. A., and Hernandez Pérez, M. S. (2011). “The Italian Con-
nection: production, circulation and consumption of objects made of
ivory and bone in the Western Mediterranean between ca. 1500 and
ca. 1000 B.C.” In: Banerjee, A., and Eckmann, C. (Eds.). Elfenbein
und Archéologie. INCENTIVUS-Tagungsbeitrdge, 2004-2007. Mainz:
Verlag des Romisch-Germanischen Zentralmuseums, pp. 53-62.

Lucianez-Trivifio, M., and Garcia Sanjuan, L. (2016). “Los marfiles del
tholos de Montelirio.” In: Fernandez Flores, A., Garcia Sanjuan, L.,
and Diaz-Zorita Bonilla, M. (Eds.). Montelirio: un gran monumento
megalitico de la Edad del Cobre. Sevilla: Consejeria de Cultura de la
Junta de Andalucia, pp. 245-271.

Lucianez-Trivifio, M., Garcia Sanjuan, L., and Schuhmacher, T. X.
(2014). “Restaurierung von archéologischem Elfenbein am Beispiel
von vier chalkolithischen Elfenbeinobjekte aus der Siedlung von Va-
lencina de la Concepcion (Sevilla).” Restaurierung und Archdologie,
6: pp. 71-87.

Luciafiez-Trivifio, M., Garcia Sanjuan, L., and Schuhmacher, T. X. (2021).
“Crafting idiosyncrasies. Early social complexity, ivory and identity-
making in Copper Age Iberia.” Cambridge Archaeological Journal,
32 (1): pp. 23-60. DOI: https://doi.org/10.1017/S0959774321000287

Macgregor, A. (1985). Bone, antler, ivory and horn. The technology of
skeletal materials since the Roman period. Sidney: Routledge.

Malina, M., and Ehmann, R. (2009). “Ivory splitting in the Aurignacian:
reconstructing the manufacturing technique of the ivory flute from
Geillenklosterle.” Mitteilungen der Gesellschaft fiir Urgeschichte,
18: pp. 93-108.

Miles, A. E. W., and White, J. W. (1960). “Ivory.” Proceedings of the
Royal Society of Medicine, 53: pp. 775-780.

DOI: https://doi.org/10.1177/003591576005300913

Morgado Rodriguez, A., Lozano, J. A., Garcia Sanjuan, L., Luciafiez-
Trivifio, M., Odriozola, C. P., Lamarca Irisarri, D., and Fernandez
Flores, A. (2016). “The allure of rock crystal in southern Iberian Cop-
per Age: Technical mastery and distinguished objects at Valencina de
la Concepcion (Seville, Spain).” Quaternary International, 424: pp.
232-249. DOI: https://doi.org/10.1016/j.quaint.2015.08.004

Murillo-Barroso, M. (2016a). “El ambar del tholos de Montelirio.” In:
Fernandez Flores, A., Garcia Sanjuén, L., and Diaz-Zorita Bonilla,
M. (Eds.). Montelirio: un gran monumento megalitico de la Edad
del Cobre. Sevilla: Consejeria de Cultura de la Junta de Andalucia,
pp. 311-344.

Murillo-Barroso, M. (2016b). “El oro del tholos de Montelirio en el con-
texto de la tecnologia aurea de Valencina.” In: Fernandez Flores, A.,
Garcia Sanjuan, L., and Diaz-Zorita Bonilla, M. (Eds.). Montelirio:
un gran monumento megalitico de la Edad del Cobre. Sevilla: Conse-
jeria de Cultura de la Junta de Andalucia, pp. 285-309

Nalla, R. K., Kinney, J. H., and Ritchie, R. O. (2003). “Effect of orienta-
tion on the in vitro fracture toughness of dentin: the role of toughen-
ing mechanisms.” Biomaterials, 24 (22): pp. 3955-3968.

DOI: https://doi.org/10.1016/s0142-9612(03)00278-3

Nocete Calvo, F., Vargas Jiménez, J. M., Schuhmacher, T. X., Banerjee,
A. and Dindorf W. (2013). “The ivory workshop of Valencina de
la Concepcion (Seville, Spain) and the identification of ivory from
Asian elephant on the Iberian Peninsula in the first half of the 3rd mil-
lennium BC.” Journal of Archaeological Science, 40 (3): pp. 1579-
1592. DOTI: https://doi.org/10.1016/j.jas.2012.10.028

Odriozola Lloret, C., and Garcia Sanjuan, L. (2013). “Las cuentas de
collar de piedra verde de Matarrubilla (Valencina de la Concepcion
(Sevilla).” In: Garcia Sanjuan, L., Vargas Jiménez, J. M., Hurtado
Pérez, V., Cruz-Aunodn Briones, R., and Ruiz Moreno, T. (Eds.). £/
asentamiento prehistorico de Valencina de la Concepcion (Sevilla):
investigacion y tutela en el 150 aniversario del descubrimiento de
La Pastora. Sevilla: Secretariado de Publicaciones, Universidad de
Sevilla, pp. 485-493.

Palombo, M. R., and Villa, P. (2001). “Schreger lines as support in the
Elephantidae identification.” In: Cavarretta, G., Gioia, P., Mussi, M.,
and Palombo, M. R. (Eds.). La terra degli elefanti/The world of el-
ephants. Proceedings of the I*' International Congress (Rome 2001).
Roma: Consiglio Nazionale delle Ricerche, pp. 656-660.

Pascual Benito, J. L. (2012). “El taller de marfil del Bronce Pleno
de Mola d’Agres (Alicante).” In: Banerjee, A., Lopez Padilla, J.
A., and Schuhmacher, T. X. (Eds.). Elfenbeinstudien. Faszikel 1:
Marfil y elefantes en la Peninsula Ibérica y el Mediterraneo. Actas
del coloquio internacional (Alicante 2008). Iberia Archaeologica,
16 (1). Alicante: Internationale Tagung y Museo Arqueologico de
Alicante, pp. 173-197.

Pau, C., Morillo Ledn, J. M., Camara Serrano, J. A., and Molina Gonzalez,
F. (2018). “Los objetos de adorno en marfil del yacimiento del Cerro de
la Virgen (Orce, Granada).” Complutum, 29 (2): pp. 267-298.

DOI: https://doi.org/10.5209/CMPL.62581

Pecero Espin, J. C. (2016). “Caracterizacion antropologica de los restos
o6seos humanos del tholos de Montelirio.” In: Garcia Sanjuan, L., Var-
gas Jiménez, J. M., Hurtado Pérez, V., Cruz-Aufién Briones, R., and
Ruiz Moreno, T. (Eds.). El asentamiento prehistorico de Valencina de
la Concepcion (Sevilla): investigacion y tutela en el 150 aniversario
del descubrimiento de La Pastora. Sevilla: Secretariado de Publica-
ciones, Universidad de Sevilla, pp. 409-442.

Pétrequin, P. (1970). La grotte de la Baume-de-Gonvillars. Annales litté-
raires de I’université de Franche-Comté, 22. Paris: Les Belles Lettres.

Poplin, F. (1974). “Deux cas particuliers de débitage par usure.”
In: Camps-Fabre, H. (Ed.). Premier Colloque international sur
lindustrie de I'os dans la Préhistoire, Abbaye de Sénanque, avril
1974. Marseille: Editions de 1’Université de Provence, pp. 85-92.

Raubenheimer, E. J., Bosman M. C., Vorster, R., and Noftke, C. E. (1998).
“Histogenesis of the chequered pattern of ivory of the African el-
ephant (Loxodonta africana).” Archives of oral biology, 43 (12):
pp- 969-977. DOIL: https://doi.org/10.1016/s0003-9969(98)00077-6

Raubenheimer E. J., Dauth J., Dreyer, M. J., Smith, P. D., and Turner, M.
L. (1990). “Structure and composition of ivory of the African elephant
Loxodonta africana.” South African Journal of Science, 86: pp. 192-193.

Rijkelijkhuizen, M. (2008). Handleiding voor de determinatie vanharde
dierlijke materialen: Bot, geweli, ivoor, hoorn, schildpad, balein en
hoef. Amsterdam: Amsterdam University Press.

Trab. Prehist., 80, N.° 1, enero-junio 2023, ¢08, ISSN-L: 0082-5638 | eISSN: 1988-3218

https://doi.org/10.3989/tp.2023.12323


https://doi.org/10.3989/tp.2023.12323
https://lib.kunstkamera.ru/rubrikator/05/978-5-02-025599-9
https://doi.org/10.1002/jmor.10585
https://doi.org/10.1017/S0959774321000287
https://doi.org/10.1177/003591576005300913
https://doi.org/10.1016/j.quaint.2015.08.004
https://doi.org/10.1016/s0142-9612(03)00278-3
https://doi.org/10.1016/j.jas.2012.10.028
https://doi.org/10.5209/CMPL.62581
https://doi.org/10.1016/s0003-9969(98)00077-6

18

Miriam Lucianez-Triviiio

Robles Carrasco, S., and Diaz-Zorita Bonilla, M. (2013). “Analisis bioarqueo-
légico de tres contextos-estructuras funerarias del sector PP4-Montelirio
del yacimiento de Valencina de la Concepcion-Castilleja de Guzman (Se-
villa).” In: Garcia Sanjuan, L., Vargas Jiménez, J. M., Hurtado Pérez, V.,
Cruz-Aufidn Briones, R., and Ruiz Moreno, T. (Eds.). El asentamiento
prehistorico de Valencina de la Concepcion (Sevilla): investigacion y
tutela en el 150 aniversario del descubrimiento de La Pastora. Sevilla:
Secretariado de Publicaciones, Universidad de Sevilla, pp. 369-386.

Robles Carrasco, S., Diaz-Zorita Bonilla, M., Mateo Fuentes, V., and
Garcia Sanjuan, L. (2017). “Bioarchaeological analysis at the Copper
Age site of Valencina de la Concepcion (Seville, Spain): The PP4-
Montelirio sector.” In: Tomé, T., Diaz-Zorita Bonilla, M., Silva, A.
M., Cunha, C., and Boaventura, R. (Eds.). Current approaches to
collective burials in the Late European Prehistory. Oxford: Archaeo-
press, pp. 103-118.

Rogerio-Candelera, M. A., Karen Herrera, L., Millar, A. Z., Garcia San-
juan, L., Mora Molina, C., Wheatley, D. W.,... and Saiz-Jiménez, C.
(2013). “Red pigments used in burial practices at the Copper Age site
of Valencina de la Concepcion (Sevilla, Spain): characterisation and
social dimension.” Journal of Archaeological Science, 40: pp. 279-290.

Roylance, D. (2000-2001). Modules in mechanics of materials. Web-
based collection developed at MIT with the National Science Foun-
dation. Available at: http://web.mit.edu/course/3/3.11/www/modules/
index.html

Schreger, B. N. G. (1800). “Beitrag zur Geschichte der Zahne.” Beitrage
fiir die Ergliederungkunst, 1: pp. 1-7.

Schuhmacher, T. X. (2012). Elfenbeinstudien, Faszikel 2: Chalkolithis-
che und friihbronzezeitliche Elfenbeinobjekte auf der Iberischen
Halbinsel. Studien zu Herkunft, Austausch, Verarbeitung und sozialer
Bedeutung von Elfenbein. Iberia Archacologica, 16 (2). Darmstadt/
Mainz: Verlag Philipp von Zabern.

Schuhmacher, T. X., Banerjee, A., Dindorf, W., Nocete Calvo, F., and
Vargas Jiménez, J. M. (2013a). “Los marfiles del yacimiento de Va-
lencina de la Concepcion (Sevilla) en el contexto del Calcolitico del
suroeste peninsular.” In: Garcia Sanjuan, L., Vargas Jiménez, J. M.,
Hurtado Pérez, V., Cruz-Auiion Briones, R., and Ruiz Moreno, T.
(Eds.). El asentamiento prehistorico de Valencina de la Concepcion
(Sevilla): investigacion y tutela en el 150 aniversario del descubri-
miento de La Pastora. Sevilla: Secretariado de Publicaciones, Uni-
versidad de Sevilla, pp. 495-510.

Schuhmacher, T. X., Banerjee, A., Dindorf, W., Sastri, C., and Sauvage,
T. (2013b). “The use of sperm whale ivory in Chalcolithic Portugal.”
Trabajos de Prehistoria, 70 (1): pp. 185-203.

DOI: https://doi.org/10.3989/tp.2013.12109

Schwartz, G. M., Curvers, H. H., Dunham, S., and Stuart, B. (2003). “A
third-millennium BC elite tomb and other new evidence from Tell
Umm el-Marra, Syria.” American Journal of Archaeology, 107 (3):
pp. 325-361.

DOL: https://doi.org/10.3764/aja.107.3.325

Su, X., and Cui, F. Z. (1999). “Hierarchical structure of ivory: From na-
nometer to centimeter.” Materials Science and Engineering C, 7 (1):
pp. 19-29. DOI: https://doi.org/10.1016/s0928-4931(98)00067-8

Tolksdorf, J. F., Veil, S., Kuzu, I., Ligouis, B., Staesche, U., and Breest,
K. (2015). “Ivory or bone? A report on practical experience determin-
ing material from the Mesolithic site Klein Breese (Northern Germa-
ny).” Archaeological and Anthropological Sciences, 7 (3): pp. 1-10.
DOI: https://doi.org/10.1007/s12520-014-0197-0

Trapani, J., and Fisher, D. C. (2003). “Discriminating proboscidean taxa
using features of the Schreger pattern in tusk dentin.” Journal of Ar-
chaeological Science, 30: pp. 429-438.

DOI: https://doi.org/10.1006/jasc.2002.0852

Vargas Jiménez, J. M. (2003). “Elementos para la definicion territorial
del yacimiento prehistorico de Valencina de la Concepcion (Sevilla).”
Spal. Revista de Prehistoria y Arqueologia, 12: pp. 127-146.

DOI: https://doi.org/10.12795/spal.2003.i12.06

Vargas Jiménez, J. M., Nocete Calvo, F., and Ortega Gordillo, M. (2010).
“Excavaciones arqueologicas en la parcela del nuevo IES de Valenci-
na de la Concepcion (Sevilla).” Anuario Arqueoldgico de Andalucia,
2005: pp. 3340-3356.

Vargas Jiménez, J. M., Nocete Calvo, F., and Schuhmacher, T. X.
(2012). “Contextos de produccion de marfil en Valencina de la
Concepcion (Sevilla).” In: Banerjee, A., Lopez Padilla, J. A., and
Schuhmacher, T. X. (Eds.). Elfenbeinstudien. Faszikel 1: Marfil
y elefantes en la Peninsula Ibérica y el Mediterraneo. Actas del
coloquio internacional (Alicante 2008). Tberia Archaeologica, 16
(1). Alicante: Internationale Tagung y Museo Arqueologico de
Alicante, pp. 69-81.

Virag, A. (2012). “Histogenesis of the unique morphology of proboscid-
ean ivory.” Journal of Morphology, 273: pp. 1406-1423.

DOI: https://doi.org/10.1002/jmor.20069

Trab. Prehist., 80, N.° 1, enero-junio 2023, 08, ISSN-L: 0082-5638 | eI[SSN: 1988-3218

https://doi.org/10.3989/tp.2023.12323


https://doi.org/10.3989/tp.2023.12323
http://web.mit.edu/course/3/3.11/www/modules/index.html
http://web.mit.edu/course/3/3.11/www/modules/index.html
https://doi.org/10.3989/tp.2013.12109
https://doi.org/10.3764/aja.107.3.325
https://doi.org/10.1016/s0928-4931(98)00067-8
https://doi.org/10.1007/s12520-014-0197-0
https://doi.org/10.1006/jasc.2002.0852
https://doi.org/10.12795/spal.2003.i12.06
https://doi.org/10.1002/jmor.20069

	Ivory technology: tools, techniques and production modes in the Iberian Copper Age. Valencina de la 
	1. INTRODUCTION AND OBJECTIVES 
	2. MATERIAL AND METHODS 
	3.  IVORY MACRO-IDENTIFICATION: STRUCTURE AND FEATURES
	3.1. Transverse plane / Cross-section
	3.2. Natural tangential plane
	3.3. Artificial tangential plane

	4. RESULTS
	4.1. Techniques and tools
	4.1.1.  A unique case of “sciage au fil sablé”  or abrasive sawing in the Iberian Prehistory

	4.2. Exploitation modes and derived blanks

	5. DISCUSSION AND CONCLUSIONS
	DECLARATION OF COMPETING INTEREST
	 ACKNOWLEDGEMENTS
	FUNDING SOURCES
	BIBLIOGRAPHY




