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Typological studies applied on the osseous industry developed slowly in France following the pioneering
work of H. Camps-Fabrer and the technological renewal that F. Billamboz and D. Stordeur brought to this
field in the 1970e1980s. This field has been thriving since the 2000s. Technology represents part of a
systemic approach where each component of a technical system is analysed as to its purpose, its structure
and its connection to other components of the socio-economic system. Nevertheless, technology is not an
end in itself. Any technological observation must be considered in its sociological and palaeohistorical
context in order to understand, not only the activities that took place during the occupation of a site, but
more broadly to translate these data into “a realistic story of human behaviours”. That is why reducing
osseous technology to analysis of technical stigmata alone oversimplifies the potentials of this approach.
Wewill illustrate this topic using Aurignacian and Gravettian examples from a few key French and Spanish
sites. By showing technical and conceptual differences in the manufacturing of osseous projectile points
(e.g. split-based points) in assemblages usually considered homogeneous, we can infer the existence of
different techno-typological traditions and discuss if they are e or not e representative of different cul-
tural traditions. Various technical details such as splitting base preparation by scraping, are significant
indicators allowing discussion of whether therewas diffusion of ideas and/or human groups from one side
of the Pyrenees to the other at the beginning of the Upper Palaeolithic.

© 2016 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

How can technology help us to overcome the lack of new
osseous industry data from archaeological sources? And how can
technology of bone assemblages allow us to look at technical choice
as a reflection of cultural boundaries? These are the questions we
want address in this paper from two different but complementary
technological angles.

First, we will see how technology allows us to re-evaluate the
representativeness of osseous assemblages from old excavations:
highlighting stratigraphic, taphonomic and technological
inconsistencies (Goutas, 2004; P�etillon, 2006; Lacarri�ere et al.,
2011; Tejero, 2013). Secondly, we will show how the technology
. Goutas).

reserved.
of production of worked osseous material can and should be a
“privileged partner” of lithic technology and other kinds of material
culture data for the chrono-cultural and regional seriation of
Palaeolithic groups (Averbouh, 2000; Goutas, 2013a, 2013b; Tejero,
2014; P�etillon et al., 2015; Tejero and Grimaldi, 2015). We will use
two examples to illustrate our point of view. The first example will
focus on the traditions of shaping of Aurignacian split-based points
(synchronic and regional approaches). The second example will be
a diachronic approach dealing with the tradition of antler debitage
by comparing the different ways employed during Aurignacian and
Gravettian to remove particular kinds of blanks: the rods. These
rods were mainly (Gravettian) and sometimes exclusively (Auri-
gnacian) involved in the manufacturing of hunting weapons.

Discussing the technological approach̶ and its methodological,
palethnological (sensu Leroi-Gourhan) and paleohistorical (sensu
Valentin, 2006) implications requires first revisiting a number of
concepts and definitions that are closely linked with it, starting
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with typology. Similarly, we cannot consider technology as away to
identify cultural traditions without discussing knowledge and
know-how (sensu Pelegrin, 1991). As pointed out by Choyke (2009:
21) “individual and collective memory expressed by and through
the traditional material culture surrounding and exploited by
people is one way both individuals and social groups maintain
social cohesion”.

The identification of techno-economic traditions (in terms of
acquisition, processing and use) implemented in the work of hard
animal materials in a given territory and time, is thus one of the
objectives and objectified means to report on the existence, the
variability, the evolution, the maintenance or the disappearance of
cultural identities. In this sense, these technical traditions represent
a way to highlight real social interactions between different human
groups.

The acquisition of a technique (in the anthropological and
archaeological understanding) or a language, necessarily implies a
social setting, because it is always “socially learned” and “socially
transmitted” and not the result of “an inspired creation that came
from the nothingness” (Haudricourt, 1965: 36). “In technology, as
elsewhere, there is no creation ex nihilo, a sudden jump. Every
invention, every innovation is only the combination of pre-existing
elements borrowed from the surrounding environment, from
already known techniques” [authors' translation] (Haudricourt,
1965: 33). This is what F. Sigaut illustrates through the “myth of
Robinson Crusoe, the shipwrecked man, able to rebuild his society
on his own” [authors' translation] (Sigaut, 1987: 10).

2. Technology vs typology?

Typology refers to the science of analysis and description of
typical forms in a complex reality, permitting classifications to be
defined. Typology can be applied to the living as well as non-living
world, materials as well as non-material entities.

In its application to prehistoric archaeology, typology refers to
different concepts depending on the historical context and the
epistemological point of view. Typology, as a tool for classifying
stone and osseous equipment, came into being in the second half of
the nineteenth century with the work of G. Mortillet and his
concept of “index fossil” (Groenen, 1994). Interest in the
morphology of archaeological objects and their ornaments super-
sedes the knowledge of know-how required for their processing,
and becomes the main tool for the elaboration of chrono-cultural
seriations. This genealogical classification aimed to account for
the real historic relationship between human groups̶ was also
applied to the study of techniques (Haudricourt, 1964) and reflects
a historical or evolutionary view of the object (Haudricourt, 1968:
732).

This epistemological approach to typology long influenced
research in prehistoric archaeology in France as well as other
European countries. Typology remains a very useful tool for clas-
sifying archaeological objects on the basis of common formal and
functional or aesthetic attributes (material, shape, size). The clas-
sification of assemblages by class, category and tool types, permits a
global understanding, and thus, highlights differences or correla-
tions in the manufacturing and consumption activities in various
sites or various archaeological levels of the same site.

During the second part of twentieth century a significant
paradigm shift in the recognition of the archaeological artefacts
took place. Studying the “garbage” of prehistoric groups, the
knapping waste, the tools used until exhaustion, the production
failures became an efficient means for understanding the vast
majority of archaeological objects. Thanks to the concept of chaîne
op�eratoire, archaeological and ethnographic objects have been
given a real dynamic dimension. Henceforth, it is possible to
transcend the shape of the tool to apprehend the know-how
possessed by the studied human groups, that is to say the invis-
ible, unobtrusive, collective unconscious part inherent within every
single object (Leroi-Gourhan, 1943, 1964; Pelegrin, 1991;
Lemonnier, 1993; Perl�es, 2012). The concept of chaîne op�eratoire
was used for the first time in 1964 by Andr�e Leroi-Gourhan (Inizan
et al., 1999), and was subsequently formalized by ethnologists
working on techniques (as Creswell, Lemonier, Haudricourt etc.),
something that was to give rise in 1974 to the creation of the
research laboratory (ER) 191 “Techniques et culture” and then to
the scientific journal of the same name in a context of full devel-
opment of “cultural technology” (Coupaye and Douny, 2013; see
also Pelegrin, 1991).

The chaîne op�eratoire is a key analytical tool for technology
studies. M. Mauss is acknowledged to be the first scholar to intro-
duce technology into social anthropology to describe the study of
the material activity of human groups, and more globally, any
activity enacted through the human body (Mauss, 1947; Inizan
et al., 1999). According to M. Mauss, technology is a fully-fledged
discipline that we need to distinguish from economy
(Haudricourt, 1968: 731). With the concept of “body techniques”,
that is to say any muscular custom that is socially acquired (Mauss,
1936), M. Mauss introduced the innovative idea that our daily life
gestures are the result of social heritage and can therefore be
identifiers of a given human group (Haudricourt, 1964). The
ambition to promote technology to the rank of science in its own
right is visible in the writings of Haudricourt, who defined it as a
science of “productive forces”, a “science of human activities”.
Through the human point of view in object manufacturing and use,
we can understand the laws governing its emergence and its
transformation (Haudricourt, 1964: 28; for a detailed discussion of
the different historical and epistemological points of view con-
cerning the analysis of technical activities, see; Haudricourt, 1968).

According toM.-L. Inizan, J. Tixier, H. Roche and their colleagues,
some of the initiators of knapped stone technology studies in
France, “no typology can be fully operative if it does not take
techniques into at least partial account. We do not therefore
consider substituting technology for typology, for they represent
two distinct approaches developed tomeet different ends; they can
however be used concurrently, and great benefit can be derived
from the comparison of the results they yield” (Inizan et al., 1999:
13).

In a recent article, Valentin (2008: 189) defends another epis-
temological position, where he criticizes the complementarity of
typology and technology which suggests a methodological equiv-
alence that does not actually exist, especially because very early on,
the typological approach to lithic objects integrated technological
criteria in addition to morphological criteria. Secondly, because
according to this author typology not only amounts to a classifi-
cation of tool and weaponry morphology, but must also be
considered in its first etymological meaning (see above). Thus,
typology as an analytical tool in prehistoric archaeology must be
reconsidered to be a fully-fledged science of the analysis and
description of shapes of any kind. Therefore, typology can and
should be tied to the “procurement choices”, the “knapping
methods”, the “manufacturing and use methods of tools” (Valentin,
2008: 189).

Narrowing typology to a strictly classificatory approach of
equipment morphology, and thus, to a “strictly enumerative
typology” contradicts the reality of archaeological research of the
last decades (Valentin, 2008: 190), in the field of lithic analysis (eg:
Pigeot, 1987; Valentin, 1995, 2006; Bodu, 1993; Christensen and
Valentin, 2004; Klaric et al., 2009; Simonet, 2011) as well as in
the field of osseous industry (Averbouh, 2000; P�etillon, 2006;
Goutas, 2008). Many recent studies are now developing
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“typologies with interpretive ambition” looking for “behavioral
norms” and ultimately “values”, by a full integration of techno-
logical data (from acquisition of raw material to its use) (Valentin,
2008).

In that sense, the morphology of an object cannot be considered
to be a simple fact but as the direct consequence of a response to a
specific need (functional purpose), a life cycle (use, sharpening,
repair, recycling), an action on the raw material (choice and
sequencing of the used techniques), and the inherent properties of
the worked materials as much as the terms of their supply. These
considerations fully meet the idea that the shape of an object
includes several dimensions within the society in which it was
produced; dimensions that the cultural anthropologist Moussette
(1984) formalized through the concept of “intentionality of the
object”. This author uses the following definitions:

- a technical or instrumental intentionality (what is the purpose
of the object and how was it used?);

- a social intentionality (position of the object within a social
system; e.g.: who used it?);

- and an ideological intentionality (values, ideological or symbolic
beliefs linked to the object).

Each of these three “spheres of intentionality”may influence the
interpretation of the objects based on their context of use or their
position within the cultural system (Moussette, 1984). However, in
prehistoric archaeology, social and ideological intentionality
remains very complex to identify and often proves impossible.
From the strict materiality of the object, we can give it a cultural
anthropological meaning. We must necessarily place the object
within a cycle of production and consumption which involves
taking into account what A. Leroi-Gourhan defined as the milieu
ext�erieur and the milieu int�erieur of a society. The milieu ext�erieur is
defined by A. Leroi-Gourhan as “all which materially surrounds the
human being: geologic, climatic, animal and plant environment”
and the milieu int�erieur such as: “what constitutes the intellectual
capital … that is, an extremely complex bath of mental traditions”
[authors' translation] (Leroi-Gourhan, 1945e1973: 333).

In this article, wewill focus on the different ways involved in the
manufacturing of objects as markers of technical traditions. To be
able to identify cultural choices via the technological approach, it
first necessary, to assess the possible influence of determinism in
order to distinguish what is, for example, the constraint of the
physical properties of materials and what connects them with real
cultural choices. Thus, we will discuss the dissemination of the
techniques and the social interaction (Inizan et al., 1999).

3. From the technical fact to the cultural tradition

According to Inizan and collaborators, any production is
governed by a “project” that we can apprehend through the
reconstruction of chaînes op�eratoires, knowing that the project of a
knapper or a craftsman reflects the culture in which he or she grew
up. The project is defined as a conceptual scheme implemented on
an operative scheme, that is to say, a sequence of operations that
permits the sought objective to be achieved. Effective imple-
mentation of the conceptual scheme and the operating scheme
requires tools, materials, gestures, knowledge and know-how
(Inizan et al., 1999: 15).

Knowledge and know-how are two concepts clearly defined by J.
Pelegrin (see Pelegrin, 1991, 1995, 2004; Inizan et al., 1999). “As
knowledge can be classed the mental representations of forms and
materials (concepts), and a register of action modalities (brief
gesture sequences associated to their practical result). Referring to
the memorizations and mental representations of objects and of
facts, this knowledge ensues from a memory that is explicit and
declarative in nature” (Pelegrin, 1990: 118).

The know-how refers to the ability of an individual to carry out
mental operations and anticipates the results of these operations
(Pelegrin, 1991: 4). “Within ‘know-how’, we may distinguish
between an ‘ideatory’ time (evaluation, reflexion, decisions) and a
motor time (programming and execution of the gesture)” (Pelegrin,
1990: 118). The knowledge is achieved orally and can be thus ac-
quired over a short time through a simple observation and imita-
tion; in contrast, know-how (the mastered ways to implement the
knowledge) is achieved through the experience and involves a
learning process which may be taken a long time depending on the
complexity of the technical gestures involved. It is thus possible to
have some knowledge (theoretical knowledge) but without the
ability to implement it (Perl�es, 2012: 587; Pelegrin, 1991). For
instance a decoration or a shape can be reproduced without
implying any real social interaction and without intent to preserve
the ideological or social intentionality (sensu Moussette) initially
involved in the object. Their “high visibility” makes these easily
reproducible (Perl�es, 2012). This question will be illustrated in our
article via the example of split-based points of the Early Aurigna-
cian. These particular productions require knowledge and complex
know-how, and thus, are relevant objects for discussing the spread
of ideas and the interaction between various human groups. While
it is easy to mimic a shape or a symbol by simple observation
without any real interaction, to reproduce a complex technique, for
a very specific production target, is impossible to achieve with only
a simple observation; true reproduction of a technique necessarily
involves a learning phase (Inizan et al., 1999; Pigeot, 1987; Ploux,
1989) which implies a real interaction between groups or
individuals (Perl�es, 2012).

As emphasized by C. Perl�es, since no human being or human
group lives in isolation, it becomes more complex to highlight
interaction networks in prehistory (Perl�es, 2012). If the interactions
within a restricted community are easily identifiable in the terms of
the homogeneity of the practices identified at a given site, how can
we pick out larger-scale interactions (via temporary or permanent
movements of individuals or groups) without considering the
movements of objects and diffusion of ideas: symbols, knowledge,
and know-how (Perl�es, 2012: 585)?

The sociological interactions allowing the diffusion of objects
and ideas will also be varied(e.g. individuals moving between
groups as part of marriage-like formations; exchange of objects …)
(Choyke, 1987, 2006, 2009) or by sporadic contact during seasonal
activities by groups belonging to the same culture but occupying
different territories. The Isturitz cave, which will be discussed
further, is one of the most interesting examples in this regard.
Located at a strategic crossroad between Aquitaine, the Pyrenees
and Cantabria, the site seems to have been used in various Upper
Palaeolithic periods, as an “aggregation site” (see Conkey, 1988;
Lacarr�ere et al., 2011). These gatherings led to trade and to com-
mon activities. For the Gravettian of Isturitz cave, bison hunting in
autumn (matriarchal herd) (Lacarri�ere et al., 2011) and the reali-
zation of important activities around the working of osseous
materials (Goutas and Lacarri�ere, 2013) should be mentioned.

These interactions in the Palaeolithic are moreover well known
through the studies of shell ornament circulation (Alv�arez
Fern�andez, 2001; Taborin, 2004; Bar-Yosef-Mayer, 2005), knapped
stone tools, and related materials (F�eblot-Augustins 1997). For
these ancient times, and unlike the Neolithic, whether we consider
the direct supply to sources or circulation by direct exchange or
hand to hand barter, all the available data shows that “it is never
organized distribution networks operating in the long term and
relying on specialized producers ( … )” [authors' translation]
(Perl�es, 2012: 580). The ethnographic data on hunter-gatherers



N. Goutas, J.-M. Tejero / Quaternary International 403 (2016) 79e8982
shows, moreover, that in such band-level societies, the exchange of
raw materials or tools is always quantitatively restricted; the
groups stock, especially on the occasion of targeted expeditions
(F�eblot-Augustins and Perl�es, 1992).

4. Technology as a way to reassess the relevance of old
collections

As analysts of the manufacturing techniques used to produce
worked osseous materials, researchers are still largely dependent
on old collections consisting mainly of finished objects. This is due
in part to selection of the materials by previous scholars. Although
research on the Early Upper Palaeolithic has expanded in recent
years and benefited from new excavations with new techniques,
but the latter have not yielded enough remains to renew the
osseous industry data available for these periods.

To assess the relevance of these old assemblages and to there-
fore fully incorporate osseous industries into the debate on the
characterization of the material culture of the Aurignacian and
Gravettian periods, it is imperative to find a way to obtain as much
information as possible from available collections. We will see the
extent to which osseous technology may help overcome certain
problems connected to old excavation methodology, less rigorous
than what is encountered today. Although it is now a standard
approach in the teaching of French prehistory (for Palaeolithic as-
semblages: Averbouh, 2000; Vanhaeren, 2002; Goutas, 2004;
Christensen and Chollet, 2005; P�etillon, 2006; Tartar, 2009; R�emy,
2013; Malgarini, 2014), it still represents a new approach in Spain
(Tejero, 2010) and in some other countries (White, 2007).

Typology, in its most common sense in archaeology (descriptive
typology sensu Valentin) is a very useful tool in classification: it
creates links between objects on the basis of common formal and
functional or aesthetic attributes. However, typology in this
restricted meaning, does not offer the same possibilities as the
“analytical and interpretative typology” (Valentin, 2008). Alone, it
does not permit us to grasp what might be called the hidden
meaning of archaeological artefacts. Manufacturing tools involves
various kinds of know-how involving multiple actions and tech-
nical operations organized in particular sequences (Averbouh,
2001); some are reproduced consciously and others uncon-
sciously. Differences or similarities in producing of tools and
weapons are thus essential elements in establishing chrono-
cultural characterization (Goutas, 2009; Tejero and Grimaldi,
2015; see also Averbouh, Goutas, Marquebielle, this volume).
Technology can identify stratigraphic inconsistencies that typology
alone most often cannot.

For example, by observing complementarities in terms of raw
materials, technical stigmata and fracture surfaces, one can look for
fits between objects from different layers, as has been classically
applied in lithic technology. However, as developed by A. Averbouh
(2000), “refitting by default method” (remontage par d�efaut) can
also be employed. This second method was inspired by the mental
refitting method used in stone technology (Tixier, 1980; Pigeot,
1987; Inizan et al., 1999) which permits researchers to identify
consistencies and inconsistencies within the chaîne op�eratoire and,
thus, check the reliability of the studied series.

The “refitting by default method” looks for links in shape, raw
material and technique betweenwaste, blanks and finished objects.
Let us consider, for example, two distinct archaeological layers. The
first has yielded finished tools and the second has yielded some
waste products entirely consistent with the production of these
same tools. This technical and economical complementarity may
reflect stratigraphic inconsistencies. Now consider two different
cultural layers containing the same types of hunting weapons. On
the one hand, this typological similarity may be the result of a
tradition which continued over time or just a cultural convergence.
But it is also possible that the hunting weapons are intrusive in one
of the two layers.

Because of the impossibility of actually physically refitting
worked osseous materials in technology studies, it is important to
base analyses on the repetition of several refittings by default in
order to check the reliability of the approach. Moreover, the greater
the number of objects, the more accurate the results we will have,
especially if all technical categories are represented and well
preserved (waste, blanks and tools). However, due to the differ-
ential preservation of osseous materials, fragmentation rate, major
transformation of objects and scarcity of waste, it is often
sequences or phases that are found rather than complete patterns
of manufacturing (Averbouh, 2000).
4.1. Reassignment of projectile points to their original levels: the
Gravettian of the Isturitz cave

The projectile points of the Isturitz cave, in Southern France
(Pyr�en�ees-Atlantique) (Fig. 1) may be characterized by the know-
how that was needed for this particular kind of manufacturing
practice. In other words, the technological approach (Goutas,
2004:106e117) proved an effective way of studying this artefact
assemblage.

From the beginning of the twentieth century to the 1950s, Emile
Passemard and then Ren�e and Suzanne de Saint-P�erier carried out
important excavations at Isturitz Cave (Passemard, 1944; Saint-
P�erier and Saint-P�erier, 1952). These excavations yielded the most
important French assemblages of prehistoric osseous materials,
both in terms of numbers and the great variety of objects
unearthed, and by the number of “cultures” identified in the
stratigraphic sequence: mainly ranging from the Aurignacian to the
Magdalenian. The intensity of these excavations unfortunately led
to the total destruction of the archaeological levels within the main
enclosed space within the cave (“Grande salle”). The “Saint-Martin
room”, where the human occupation was more restricted, still
preserves archaeological levels in situ. These levels are connected to
the Aurignacian and were excavated in the 2000s under the di-
rection of Christian Normand (Normand and Turq, 2007; Normand
et al., 2013).

Thanks to the technological analysis conducted by one of the
authors (N. G.) on the worked osseous material from this site, it
proved possible to reassign projectile points to their level of origin.
Gravettian and Solutrean layers contained exactly the same type of
bevelled points (Fig. 2). These points were very striking as they are
made from the long bone diaphysis of largemammals and are often
massive. Their bevel was created by a deep abrasion and associated
with a rough striation.

Although these points were significantly more numerous in the
Gravettian layer, the working of the raw material, the manufacture
of these points, their size, and their cross-section led us to reject
their Gravettian attribution and to regard them as strictly Solu-
trean. This hypothesis was corroborated by a literature review,
since this kind of point has been reported on other Solutrean sites
such as Laugerie-Haute or the ‘Grotte des Harpons’ (Passemard,
1944; Saint-Perier, 1952; Mújika, 1991; Knecht, 1991). Moreover,
as far as the Gravettian assemblages of the Isturitz Cave are con-
cerned, these points are almost exclusively associated with the
excavations of R. and S. de Saint-P�erier with very few coming from
the excavations of E. Passemard. This anomalous distribution of
points seems to reflect a misreading of the stratigraphy by R.& S. de
Saint-P�erier, a misreading aided by stratigraphic disturbances
which have affected the archaeological layers (Goutas, 2004).



Fig. 1. Location of Isturitz and El Castillo caves. France and north of Spain e topographic and hydrographic map by Eric Gaba (Wikimedia commons user: Sting). Topography: NASA
SRTMBO. Bathymetry: NGDC ETOPO1. Additional data: NGDC World Data Bank II. Europe map by mapsof.net.

Fig. 2. Bevelled bone points: on the left from Isturitz cave (Upper Gravettian layer, III,
photographs by N. Goutas) and on the right from Laugerie-Haute (“Aurignacien V” or
“Proto-Solutrean”, after Knecht, 1991, Fig. 1-d: 45).
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4.2. El Castillo Cave: assessing osseous industry from Obermaier's
excavations

Concerning the representativeness of the series from earlier
excavations, there is another example from the Aurignacian levels
of El Castillo cave (Puente Viesgo, Cantabria). This site, located in
Northern Spain, is one of the most important European Palaeolithic
sites (cf. Fig. 1). It was excavated between 1910 and 1914 by H.
Obermaier. V. Cabrera and F. Bernaldo de Quir�os have resumed
archaeological work at El Castillo cave since 1980 to the present
(Cabrera, 1984; Cabrera et al., 2002). During the initial techno-
economic analysis conducted by one the authors (J.-M.T.), the
entire osseous industry of the Obermaier excavations was numer-
ically small e about 30 pieces e and exclusively composed of
technologically finished objects (Fig. 3). This set has been
mentioned in several publications focusing on typology, based
upon the presence of split-based points, mainly for confirming the
assignment of these levels to the early phases of the Aurignacian.
Nevertheless, one cannot solely reason on the basis of the presence/
absence of pieces considered “index fossils”. First, “index fossils” in
osseous industry were identified only on the basis of their gross
morphological characteristics, influenced by traditions in lithic
analysis. Secondly, the “index fossils”were identified in contexts in
which they were not expected. The Isturitz points are known
nowadays in other Gravettian phases and no longer only in asso-
ciation with the Noaillian phase (Goutas, 2008, 2013a).

Concerning El Castillo, several hypotheses exist to explain both
the rarity of these finds there and, at the same time, the presence
there of only finished objects. From a quantitative point of view, the
scarcity of these finds at El Castillo could be the result of: 1)



Fig. 3. El Castillo (Layer Delta of Obermaier excavations): techno-typological compo-
sition of the original sample compared to that of the sample after the faunal remains
revision.
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differential preservation of organic material; 2) a selection of the
finds by early excavators; 3) or may relate to the site function in
which manufacturing osseous materials would have been limited.
The exclusive presence of finished objects may be the result of
introducing objects already manufactured elsewhere to the site.
Waste products would have been left at some other site where the
actual production took place, or at another location on the site, not
still identified (Tejero, 2010, 2013).

Technological analysis can now answer these questions. Thus, it
appears that the limited number of pieces of worked osseous
materials:

1. is not the result of poor preservation of organic material since
faunal remains are numerous and well preserved. The surface
condition of the objects in the worked osseous material is quite
good (Dari, 2003; Liouville, 2007; Tejero et al., 2010).

2. The absence of worked osseous finds is most probably linked to
the extensive and imprecise methods used by Obermaier during
his excavations (Cabrera, 1984). In most archaeological assem-
blages, the worked osseous sample is exclusively composed of
identifiable objects when no worked osseous technology
specialist is part of the research team during excavation (see for
instance Tejero, 2013 for the Spanish Aurignacian levels of El
Castillo but also for the sites of Conde, Cierro and Covalejos; and
Tejero and Grimaldi, 2015 for the Aurignacian layers of Riparo
Mochi. Italy). A new analysis of the faunal remains from Ober-
maier's excavations at El Castillo, now held in the Museo de
Prehistoria y Arqueología de Cantabria (Santander), has
confirmed the hypothesis that a selection of the identifiable
objects has been made during the Obermaier's excavations,
while the “technical pieces”, like blanks or wastes, were not
identified. As expected, we recovered a quantity of new objects
representing a 40% increase in the sample and, most of all, this
extra effort produced a qualitatively important sample (Fig. 3).
While only large characteristic objects were collected by Ober-
maier and his collaborators, a muchmore diversified selection of
objects could be added to the assemblage (waste products,
blanks) permitting us to reconstruct the operational sequence of
antler working at this site.

3. The ubiquity of finished objects in earlier excavations has also
been reassessed through technological analysis since some
pieces considered then to be finished objects are actually blanks.

4. The technological study of these newly discovered blanks and
waste shows that contrary to the initial suggested hypothesis, a
worked osseous production took place on site. Moreover, these
newly found pieces permit us to characterize Aurignacian blank
production (debitage) thanks to a technological and experi-
mental analysis (Tejero et al., 2012).

Ultimately, these two examples from Isturitz and El Castillo
Caves demonstrate the importance of the technological approach
for objectively assessing the integrity of archaeological assemblages
and whether they can offer reliable interpretive models.

5. Technology as a useful method to characterize regional and
paleoethnographic features of Aurignacian split-based points

Choice of materials, choice of techniques and their particular
articulation within a specific production and consumption process
provide valuable data on the collective or individual representa-
tions (knowledge and know-how) involved in the processing of raw
materials, which in turn are determined by social traditions (see
above). Sharing the same know-how between two human groups
implies necessary stabile social relations between them. That is
why studying the technology provides a relevant way to explore
interregional cultural differentiation both synchronically and
diachronically (Goutas, 2009, 2013c).

Regionally, the French and Spanish Pyrenees offer an interesting
area of study because on both sides of this natural mountain barrier,
Aurignacian groups maintained very close ties with each other over
long distances. This well-known cultural permeability, expressed in
the stone industry (origin of raw material, knapping and shaping
techniques used, equipment) is also well known for the worked
osseous industries (Arrizabalaga, 2007; Normand and Turq, 2007;
Tejero, 2010, 2013; Lacarri�ere et al., 2011; Soulier et al., 2014).

To illustrate this issue we will focus on the split-based points.
These points are one of the most characteristic Aurignacian
“morphotypes” (Knecht, 1991, 1997; Liolios, 1999, 2006; Tejero,
2014, in press). They have been used to establish the periodiza-
tion of the Aurignacian. The internal organization of this techno-
complex simultaneously relied on quantitative representation of
lithic types and on the nature of the osseous points, sometimes
prioritizing the latter over the former (Peyrony, 1933, 1934). The
traditional view of the Aurignacian as the first “culture” of the
Upper Palaeolithic associated with expansion of modern H. sapiens
expansion across Europe and archaeologically defined by the
association of a particular assemblage of stone tools (end scrapers,
Aurignacian blades, etc) and, in particular, antler tools (namely
split-based points) has led to the formulation of models advo-
cating that there was techno-complex homogeneity (e.g., Mellars,
1989, 2004). However, recent studies of lithic technology from
early Upper Paleolithic sites in various geographical areas have
improved our knowledge and changed our perceptions of the
Aurignacian as a homogeneous entity over all its duration (e.g.,
Bon, 2002, 2006; Bon et al., 2002; Teyssandier, 2007, 2008;
Teyssandier et al., 2010). The study of the bone and antler in-
dustry has made us re-evaluate the concept of a homogenous early
Aurignacian. D. Liolios (1999) has demonstrated the existence of
different concepts in morphometric designs in the apparently
monotonous corpus of split-based points from several French and
Central European sites. Other technical aspects of these points, for
instance, alternative ways of manufacturing spear point bases
(Henri-Martin, 1930; Peyrony, 1935; Nuzhnyi, 1998; Tartar and
White, 2013; Tejero, 2014) look also heterogeneous if we review
in detail the European archaeological record from a technical and
functional perspective.

Split-based points, by their shape and their very particular
hafting system, demonstrate the existence of a strong and unitary
concept at an European scale. Can we say that this unity of form is
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also found in the ways these points were manufactured? Are there
collective representations shared by several regional groups or
conversely are there elements of differentiation that a typological
approach alone cannot identify? Our research on worked osseous
materials from French and Spanish Aurignacian sites enables us to
bring new elements to the discussion of this question.

Traditions of shaping these kinds of points turn out not to be
identical across regions. In the French Pyrenean region, in Isturitz
Cave, the studies of D. Liolios (1999) and our own research (Goutas,
2005; Tejero, 2014) have documented the systematic presence of a
regular and flattened surface on both sides of the split base. Our
own observations show that this technical attribute is obtained by
scraping or abrasion (Goutas, 2003a, 2005, in press), or by splitting
as suggested by D. Liolios (Fig. 4 and Fig. 5 n� 1, n� 2). According to
Knecht (1991), this preparation̶ creating two flattened surfaces on
both edges of the split-based point̶ would be used to control the
propagation of the fracture wave during cleavage of the base to
minimize the risk of breakage. The cleavage of the base is a very
important moment in the manufacturing process because if the
point breaks at this stage in the operational sequence it is necessary
to completely reshape the point (Knecht, 1991; Liolios, 1999). This
hypothesis fits well with what was observed of the manufacturing
technique for bases on points from the assemblage from the new
excavations of Isturitz (Goutas, 2005) but also on points from
Spanish assemblages where exactly the same kind of attribute has
been identified (Tejero, 2013, 2014) (Fig. 5 n� 3). In most cases, the
spread of the slot on the proximal end of split based points stops
just a few millimetres before the end of the lateral flattening
(Tejero, 2013).

This way of preparing the base was until recently known only
from the Isturitz Cave. It has now been identified by one of the
authors at another French site, Abri Poisson (Dordogne) and also at
the Spanish sites of El Castillo and Covalejos (Cantabria) (Tejero,
2014) (Fig. 4). These new data underscore once more the
Fig. 4. Main antler objects (split-based points) of El
permeability of natural boundaries in terms of technical traditions
during the Aurignacian. This type of technical attribute, beyond its
technological interest, takes on an important cultural and histor-
ical dimension. Human groups living in the region of Aquitaine
and Cantabria must necessarily have been close to share a com-
munity of thought going beyond the “general of split based point
concept”, a closeness which expressed itself even in
manufacturing details.

6. Technology is also a way to understand chronological
seriation

Chronological seriations have usually been based on the typo-
logical composition of archaeological assemblages, particularly for
Palaeolithic materials. However, detailed study of technology also
provides us with different options of social interpretation. Because
working procedures on osseous raw materials offer a wide range of
possible solutions, the solutions adopted by different human
groups, based on various technical, economic, social or symbolic
contingences provide us with an indication about the cultural
identity of their makers. These choices are sometimes specific to
particular chrono-cultural contexts and can therefore be used as
objective criteria for diachronic differentiation. On the other hand,
processing methods of osseous materials (eg. extraction, fracturing,
bipartition etc.) are not very diversified, as well as elementary
techniques allowing their implementation (eg. sawing, grooving,
direct percussion, scraping etc.). On the contrary, the possible
combinations allowed by the association of these techniques (the
“procedures” sensu Averbouh, 2000) to achieve a particular pur-
pose (transformation of a block and/or production of objects) are
extremely varied.

The example of rod production from antler is also pertinent
here. Different processes were in use during Aurignacian and
Gravettian (Liolios, 1999; Goutas, 2003a, 2003b, 2009, 2013b;
Castillo cave: Obermaier's excavations sample.



Fig. 5. Shaping procedure of split-based points from Early Aurignacian: identification of a regional method e 1) Schema of split-based point shaping (Isturitz cave, old excavations,
after D. Liolios, 1999); 2) Mesio-proximal fragment of split-based point with a flattening made by scraping on its both sides (Isturitz cave, new excavation, photograph by N. Goutas);
3) Split-based point with a flattening made by scraping of both sides of the proximal part (Covalejos cave, Cantabria, Spain, photographs by J.-M. Tejero).
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Tejero, 2013, 2014). The identification and characterization of these
specific processes may also represent valuable elements in chro-
nological seriation.

During the Aurignacian, the longitudinal splitting of antler
(“d�ebitage par refend”, Liolios, 1999), designed to produce rods for
manufacturing projectile points, was identified during the analysis
of a few French and Central Europe collections (Knecht, 1991;
Liolios, 1999). Recently, one of the authors, along with other
colleagues, has characterized this process following a technological
and experimental study of Spanish assemblages (see above Tejero
et al., 2012). Debitage by splitting was carried out on already
segmented antler beams without preparation of the secondary
blocks. This technical procedure from the Aurignacian was also
identified in a Gravettian context but the objectives were very
different since during Gravettian, this procedure was only used for
making domestic tools while during Aurignacian it is specifically
used for producing hunting weapons (Goutas, 2003b, 2004, 2009).

During the Gravettian, the splitting procedure is used in
conjunction with another procedure, known as the “groove and
splinter technique”, called in French “double rainurage longitudi-
nal” that can be translated as “double longitudinal grooving
procedure (DGP)”. This second procedure is the only one used for
manufacturing hunting tools during the Gravettian. However, this
technological mixing does not stop here: a third procedurewas also
used: the “grooving/splitting procedure” (Fig. 6). On a few
Gravettian sites, the surface is very sketchily prepared by grooving
on one or two sides of the secondary blocks. It was used during the
splitting process in order to guide the propagation of the fissure
and, thus, better control the blank width. The expected blank has to
be large because they were also used to make massive tools. It is



Fig. 6. Three debitage procedures used during the Gravettian in France for the rods production (after Goutas, 2003, 2004).
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now clear that osseous technology allows us to demonstrate
unexpected links between Aurignacian and Gravettian material
culture, and simultaneously helps shed light on particular chrono-
cultural elements, given the similarity of the technical approaches
in both periods although Aurignacians and Gravettians were not
aiming at the same production goals.
7. Conclusion

The examples of technical procedures demonstrate how
research on processing methods for worked osseous materials have
great potential for thinking about Palaeohistory and increasing
what is known about life in the European Palaeolithic. What
interests us in the end, is the “hidden meaning” behind the way
these techniques either change or remain stable and permanent in
terms of the economic, the social or symbolic choices people made
when creating the objects they made. When possible, this type of
approach should be integrated into interdisciplinary research
taking into account other spheres of activity. Of course, the study of
technical processes will not answer all questions in just the same
way that study of typology should not be considered a way of
explaining everything about life in the past. This simplistic and
caricatured academic discourse is not onewe have chosen to follow
although it is obvious that both approaches are necessary. In this
paper, we wish to show the way the technological approach can
enable us to think about social fact, beyond simple description of
the technical facts.
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