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Foreword: Invention, Innovation,
and Creative Imagination

Originally: An Invention

Hunted prey can be grouped into either aggressive and fierce or timid and cautious animals. To
avoid dangerous hand-to-hand combat (with the former) or to catch the animals before they
vanish from sight (the latter), hunters have created weapons able to mortally wound animals
from a safe distance. This concept of risk reduction, developed alongside increasing efficiency
of projectile weaponry in various countries around the world during prehistoric times, consti-
tutes what A. Leroi-Gourhan termed a “tendance” (“general trend”) (Leroi-Gourhan 1971).
The contributions published in this book demonstrate that these projectile hunting inventions
are indeed a worldwide phenomenon.

The primeval invention must have been the spear or javelin made from a single piece of
wood, the idea for which must have “sprung” into the hunters’ mind since no reference existed
concerning a previous device or technique. As noted by Voltaire, “the genius of invention
opens a way to where nobody walked before” (as quoted in Héritier [2001]). This first projec-
tile weapon was likely utilized throughout the world; however, only exceptional preservation
conditions have permitted the survival to the present day of a very small number of examples.
The eight wooden spears from Schoningen (Germany), aged 300 ka, are such an example and
are among the oldest identified artifacts of this kind (Conard 2005:302).

Later: Multiple Innovations

“Whereas an invention is the discovery or the recognition of a new process, object, device, or
technique, an innovation is the adoption, application, or utilization of a newly founded process,
object, device” (Knecht 1991:116). Later, hunters contrived new weapons which included a
point tied to a wooden shaft and manufactured in a hard material such as bone, ivory, stone, or
in some tropical environments, hardwood. The purpose of this technological alteration was to
make the extremity of the weapon more solid and acute, causing the weapon to penetrate
deeper and result in a significantly more lethal injury to the prey. This change can be consid-
ered as an improvement or an “innovation.”

Overall the morphology, volume, and weight of the points fastened onto shaft extremities
depended on several variables: the environmental milieu, the system of propulsion utilized,
and the technical traditions practiced. In particular, environmental resources determine the raw
materials able to be selected for use in weapon construction. Wood was probably the only
material used for the fabrication of shafts, since only tree branches split along the grain can
yield the required long straight rods. More recent evidence (i.e., Mesolithic, Neolithic) sug-
gests that pine or yew wood may have been used during the European Paleolithic, but other
vegetal species would have been selected according to climates and landscapes. The use of
driftwood was also certainly not neglected, as it has been shown that this resource was utilized
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in Arctic countries (where wood is scarce) for millennia. For instance, in several remarkably
preserved archaeological Thule sites, elements of drift conifers (Picea sp.) were selected for
making weapon shafts along with other objects (Alix 2007). In other geographical areas,
ethnographic records provide additional information regarding the use of wood for projectile
weapon components. For example, in the archipelagoes of Austral America, the Alakaluf still
used branches of canelo (Drimys winteri) for the shaft of their harpoons at the beginning of last
century (Emperaire 2003:329). In the relatively stable environment of this latter area, we might
assume that their ancestors did the same 6000 years ago.

The hard animal materials commonly adapted to the manufacture of projectile points are
ivory, antler, and bone. Their natural elongate shapes and thick cross sections permit blanks
suited to point morphology. Shell elements, which can be very breakable, seem less propitious.
Apart from the raw materials supplied through hunting, it has been found that ivory tusks were
also recovered from carcasses of animals which died naturally, while antlers that were shed
seasonally by the animals were collected from the landscape. The choice of point raw material
depended on the animal resources available in each region, with mammoth ivory and reindeer
antler constituting choice materials for the European Paleolithic, in addition to antler from
Cervus elaphus (red deer) in Mediterranean regions where reindeer (Rangifer tarandus) did
not venture.

The specific origin of the bones utilized in projectile point manufacture in Eurasia is less
well documented (apart from mammoth ribs, which are easily recognizable), owing to the
complete modification of the point blanks while in manufacture, but in a few cases horse or
reindeer bones have been able to be identified. Recently, however, a few projectile points and
foreshafts made of whale bone were identified in the French Pyrenees and central German
Rhineland, confirming a Paleolithic relationship with the ocean shore (Pétillon 2009; Langley
and Street 2013). Ethnographically, whale bones were preferred for manufacturing barbed
points and harpoons in the archipelagoes of South America, though some of these items were
made from huemul (Hippocamelus bisulcus; a small cervid) antler. Apart from possible points
in mastodon (Mammut americanum) ivory in North America, or of walrus (Odobenus rosma-
rus) and narwhal (Monodon monoceros) in Arctic areas, bone and antler are generally the most
frequent materials used for projectile points both ethnographically and prehistorically.

The volume and the weight of spearheads should normally be related to the propulsion
system, either directly propelled by the strength of the muscles (hand-thrown) or by a range of
implements intended for increasing efficiency, such as spearthrowers, bows, and blowpipes
(“sarbacanes”). These various devices, which themselves constitute other significant inven-
tions, are relatively common around the globe and together represent another great “tendance”
for hunter-gatherer societies. Though very few prehistoric artifacts have been preserved,
ethnographic specimens show a precise correlation between the propulsion system, the weight
of the head point, the length and diameter of the shaft, and the center of gravity. Since prehis-
toric osseous projectile points have not preserved their original wooden shafts, numerous
experiments have been conducted in order to identify correlations between the morphometric
criteria of flint or osseous points and their corresponding propulsion system. In spite of the
numerous trials, it appears that the diagnostic correlations remain blurred (e.g., Van Buren
1974; Rozoy 1992; Cattelain 1997; Pétillon 2009).

The existence of Paleolithic spearthrower heads manufactured from reindeer antler confirms
the use of this implement from at least the Solutrean until the Magdalenian in Europe; however,
their scarcity suggests that many other specimens made from wood may have also existed, and
their use was perhaps more extended in time. Moreover, the morphometric standardization of
many Gravettian antler points, extracted from blanks by the groove and splinter technique, could
be consistent with an early use of the bow (Goutas 2016). And, given the morphometric vari-
ability of point types during the Paleolithic, most specialists assume that the two propulsion
systems may have coexisted or have been reinvented several times during this period. As far as
the very small osseous points are concerned, if they were not inserted in composite weapons,
they could only be delivered by a vegetal blowpipe, as is the case in Southeast Asian or Amazonian
forests. Blowpipes made of bird bones may have been used in other countries.
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Creative Imagination

The technical response of hunter-gatherers to the need to kill animals for subsistence is at the
same time universal in its main features and diversified in its execution. The technical deter-
minism— Leroi-Gourhan’s “tendance” —was not only confronted with the environmental or
“external milieu” (availability of raw materials) but also with the “technical inner milieu” in
which previously existing mental traditions influenced the innovation processes. The concep-
tion of new weapons certainly included preexisting elements specific to each considered com-
munity (Leroi-Gourhan 1973). Thus, the evolution of the European Paleolithic osseous
projectile points constitutes an excellent field of investigation given the climatic changes, the
relative stability of the animal stock, and the well-known succession of techno-complexes
along a long span of time. In parallel to the continuing existence of the long and robust ivory
spears which were probably hand-delivered, a wide range of points with a great variety of
technological designs appear. The adaptations and improvements, with a possible number of
mistaken attempts, have concerned various hafting systems, the insertion of flint bladelets into
osseous shafts, the carving of barbs on the shaft itself, the probable coupling of carved barbed
and flint inserts into the same point (Julien 1999), the innovation of mobile heads for uniserial
and biserial harpoons, and, of course, the invention of throwing implements. In the course of
these 30 kyr, everything was probably experimented by European hunter-gatherers except the
socket toggle harpoon heads which are found later in the North Pacific regions. In other areas,
simple forms predominated, but remarkable technical convergences can be seen between
barbed points and the harpoons of the Late Paleolithic, Azilian, and Mesolithic and those of the
Pacific Coast of America down to the southernmost extremity of the continent (Christensen
et al. 2016). Hypotheses for these patterns are still debated: was it a diffusion process
or a simple technical convergence? The very early invention of the Katanga barbed points
(~90-60 kyr) in Africa (Backwell and d’Errico 2016) proves that human genius always created
specific solutions to predation problems. But if this barbed device was afterward forgotten dur-
ing tens of millennia, it is probably because the following human groups did not find any inter-
est in adopting it. “It is not enough for an innovation to be possible for getting materialized
[...], it must above all be thinkable, i.e., accepted in the mind of the people to whom it is pro-
posed...” (Héritier 2001:7).

CNRS — ArScan Equipe Ethnologie Préhistorique Michele Julien
Nanterre, Paris, France
michele.julien@mae.u-paris10.fr
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Preface

As the reader will discover, weapon components constructed from hard animal materials
(bone, antler, ivory, horn, and shell) were ubiquitous in ancient hunter-gatherer-fisher com-
munities across the globe. Furthermore, these tools were not only used to obtain food and raw
materials essential to everyday life but often also played a role in the social landscape of the
society which produced them. Additionally, projectile points (including those manufactured
from antler, bone, and ivory) have long served as indicators for identifying archaeological
cultures, and so, these artifacts have come to play a central role in archaeological research.

While a tremendous volume of literature concerning Pleistocene projectile technology has
been generated over the course of the past century, at the beginning of 2011, a synthesis of
those components manufactured from osseous materials was lacking. This situation existed in
sharp contrast to their lithic counterparts, of which a great many reviews and syntheses were
available to the intrepid PhD student beginning her study of Upper Paleolithic weaponry.
Being new to this area of archaeological research, the lack of a good “first port of call” made
grounding oneself in the idioms and idiosyncrasies of “bone” projectile point traditions an
exhausting experience. On thinking that a volume which provided an outline of the various
hard animal material weaponry thus far recovered from the Pleistocene archaeological record
would be very useful for both students and advanced researchers alike, and with the encour-
agement of colleagues, the idea for this volume was born.

The importance and relevance of this volume was reinforced during its development, which
coincided with a period in modern human origins research involving intense discussion con-
cerning the viability of the search for “behavioral modernity” and a proposed redirection in
research focus to the study of early “cultural variability.” With archaeologists now turning
their focus onto exploring the range of adaptations practiced at various times in the deep past,
discussions rarely mentioned the vast wealth of osseous weapons technology in any detail
despite their enormous potential to contribute to a great many aspects of the issues being
debated. A glimpse at the substantial datasets presented and range of archaeological issues
discussed in this volume demonstrates this point entirely.

The temporal span covered in the volume is as expansive as the spatial territory covered.
Osseous projectile technology from the five inhabited continents is presented herein, providing
the reader with a comprehensive outline of the state of the art of Pleistocene osseous projectile
weapons technology from the archaeological perspective.

The book is divided into five parts. The first part offers an introduction to osseous projectile
weaponry, via, first, a discussion of the importance of this technology for our understanding of
past cultural variability and, second, a brief overview of Late Pleistocene osseous projectile
weaponry. Analyses of archaeological projectile technologies form the bases of the chapters
which follow. These chapters make up the remaining four parts of the volume, organized by
geographical region: Africa, Europe, Southeast Asia and Australia, and the Americas.



Preface

While each chapter stands on its own, this volume has been organized to provide a basic
background to each of the archaeological osseous techno-complexes researchers will encoun-
ter in their study of Late Pleistocene cultural variability: moving from the earliest examples in
the archaeological record (in Africa) to modern human population movement across Europe
and Asia and their eventual appearance in North America. Understandings of the studied
weaponry are provided from various perspectives, including everything from identification of
micro-traces to ethnographic analogy. It is hoped that the data presented, the methods used,
and the conclusions drawn by these studies will enable nonspecialist researchers to initiate the
integration of osseous technologies into the many vibrant aspects of early hunter-gatherer-
fisher life currently being debated in the literature.

It has been a pleasure working with all of the people who have contributed to this volume.
Special thanks go to each of the contributors for sharing their research and, most of all, for
their enthusiasm for this endeavor. I am also grateful to the many colleagues who reviewed
each chapter manuscript. Thanks also go to the series editors, Eric Delson and Eric Sargis, for
their advice, patience, and availability throughout the generation of this volume.

Michelle C. Langley
Canberra, ACT, Australia
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Chapter 1

Late Pleistocene Osseous Projectile Technology

and Cultural Variability

Michelle C. Langley

Abstract Modern human evolution and the development of
cultural complexity and variability during the Pleistocene
have long been central issues in archaeology. This chapter
situates the study of osseous projectile weaponry in this
wider context of archaeological research, before outlining
the challenges that this field currently faces. A brief over-
view of the evidence for Pleistocene osseous projectile
weaponry is then presented in order to demonstrate the tem-
poral and spatial breadth of these material culture items, as
well as their ability to contribute to wider anthropological
debates about human uniqueness and cultural variability.

Keywords Hunting ¢ Fighting ® Spear ® Harpoon ¢ Fishhook
* Bow-and-arrow ¢ Spearthrower ® Boomerang

Introduction

By the end of the Pleistocene (10,000 radiocarbon years BP
or 11,700 cal BP), modern humans (Homo sapiens sapiens)
had already spent tens of thousands of years experimenting
with and perfecting an astounding range of projectile weap-
onry manufactured from hard animal materials (bone, antler,
ivory, horn, shell). Projectile weaponry, being launched
weapons used in both hunting and warfare, are a technical
solution ensuring the capture of vital nutritional and raw
material resources used in various aspects of hunter-gatherer
life. Projectile point tips, foreshafts, fishhooks, boomerangs,
spearthrowers, and bow components, not to mention the vari-
ous tools used in the manufacture of these weapons (such as
spear-straighteners) were all fashioned out of the most
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durable of organic materials available. The selection of these
raw materials for making (arguably) the most important tools
for day-to-day life, was the result of deliberate choices made
by numerous temporally and spatially dispersed communities.
These choices reflect an understanding of the physical prop-
erties of osseous materials that render them supremely suit-
able for use as projectile weaponry.

Despite these factors, however, weaponry made from
osseous (bone, antler, ivory) materials have consistently
received less attention in the archaeological literature than
other artefact classes, particularly their lithic counterparts.
This situation is exemplified in the recently published Oxford
Handbook of the Archaeology and Anthropology of Hunter-
Gatherers (Cummings et al. 2014) where both lithic and
ceramic (among other) technologies comprise a chapter
each, while mentions of bone and antler technology (not lim-
ited to weapons technology) mentioned through the entire
volume could fit on one to two pages. Given that a survey of
ethnographic hunter-gatherer societies found that 42.37 %
employed projectile points manufactured from bone and/or
antler (Waguespak et al. 2009), this appears to be a tremen-
dous oversight.

While lithic technology is less susceptible to preservation
biases and taphonomic filters than organic-based evidence,
focus on this class of material culture alone results in a
perspective that is too narrow a sub-set on which to construct
robust frameworks of Pleistocene lifeways and cultural vari-
ability. Furthermore, as the overwhelming majority of
archaeological remains directly associated with hunting are
constructed from bone, antler, ivory, and shell elements,
integration of this organic dataset is critical if we are to move
towards more holistic understandings of technology, econ-
omy, and society during the Pleistocene epoch.

This volume aims to contribute to this endeavor through
providing the academic community with a summary of the
osseous projectile weaponry thus far recovered from
Pleistocene contexts in Africa, Europe, Southeast Asia,
Australia, and the Americas. While the inevitable constraints
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of an edited volume prohibit a discussion of every assem-
blage or site from which these artefacts have been recovered,
the chapters herein do reflect the wealth of information held
and the potential of this enigmatic class of material culture.
As the reader will see, these organic artefacts, so frequently
overlooked, have a remarkable ability to contribute to cur-
rent debates and narratives on the development of cultural
variability in early human communities.

Archaeological Perspectives on Cultural
Variability

Humans differ from our nearest primate relatives in our
capacity for behavioral and cultural variability (Potts 1998).
For almost every activity we undertake, people have found
more than one way to achieve the same or similar outcome,
resulting in the diverse cultural traditions enacted both in the
past and the present. We do not know the antiquity of our
species’ current degree of behavioral and cultural variability,
however, as Shea (2011:2) points out, there are only three
possibilities: “(1) it evolved after our species’ origin and is a
characteristic of only some H. sapiens, (2) it evolved at the
same time our species split from ancestral hominins and is a
species-specific characteristic, and (3) it evolved before
H. sapiens’ origin and is a characteristic shared by more than
one hominin species”. Without entering into this hotly con-
tested debate, it can be said that by 40,000-50,000 years ago
a vast range of well developed, complex, and extremely
diverse cultures are in evidence throughout Africa, Europe,
Asia, and Australasia.

While exploring the extent of Pleistocene cultural vari-
ability is a topic which sees increasing attention from archae-
ologists, the understanding that cultural variability has an
antiquity in the tens of thousands of years is a relatively new
standpoint for the discipline. It was not until the nineteenth
century, that anthropologists and archaeologists, prompted
by increasing knowledge of hunter-gatherer (and other
‘exotic’ or even ‘savage’) peoples and an increasing appre-
ciation for the antiquity of humankind, began to focus on
pinpointing the developments which led to the observed con-
temporary diversity in cultural practices. Indeed, it was only
after this time that it was recognized that most of human
(pre)history was spent as hunter-gatherer-fishers —the tech-
nology of which we are concerned with in this volume.
Consequently, the decades following this early phase of
anthropological thought saw many of the founding research-
ers for both modern anthropology and archaeology undertak-
ing extensive fieldwork in various parts of the world in order
to better understand contemporary hunter-gatherer societies
and how they might inform us about past ways of life (e.g.,
Kroeber 1925; Radcliffe-Brown 1931; Lowie 1935; Boas

1966; Lee and Devore 1968; Lévi-Strauss 1969; Binford
1978; Hayden 1979; Gould 1980).

While archaeologists now caution the overuse of ethno-
graphic analogies for understanding Pleistocene lifeways
(e.g., Wobst 1978; Hiscock 2008), it has been argued that
ethnographic studies provide the only glimpse of techno-
logies (in particular) with which most researchers have no
first-hand experience (Dibble 1995). As O’Connell (1995)
puts it, archaeologists have only two sources of information
from which to explore past human behavior; (1) the artefacts
and patterns within the archaeological record itself, and (2)
knowledge of present day human behavior and the conse-
quences of these behaviors for the materials they use and
discard. Focusing on only the former allows for little more
than mere description of artefacts along with their spatial and
temporal distribution. Integrating the latter provides insights
into the processes which led to the appearance of these pat-
terns in the archaeological record, allowing the researcher to
build stories around their data.

Today, determining how, when, and why ancient commu-
nities developed their regionally and/or temporally specific
behavioral or technical solutions remains central to Pleistocene
hunter-gatherer archaeology, and osseous technologies have
been particularly valuable in tracking changes through time
and across space. For example, they have a demonstrated
ability to identify regional patterns (e.g., Julien 1982; Weniger
1992; Vanhaeren and d’Errico 2005; Pétillon 2013), charac-
terize technical systems (e.g., Peyrony 1909; Cheynier 1958;
Barandiaran 1967; Delporte et al. 1988), and infer social and
cultural adaptations and practices (e.g., Conkey 1980; Bahn
1982; Jochim 1987).

Osseous hunting weaponry, in particular, is an excellent
class of material culture for exploring cultural variability as
not only do these artefacts have “widespread social, eco-
nomic, political and symbolic import” (Wiessner 1983:272),
they are highly visible to persons who are both intimately
familiar with the individual carrying the implement as well
as those encountered on the landscape during the course of
subsistence activities (Tostevin 2007). This visibility makes
them prime candidates for use in transmitting social mes-
sages to those in ‘the middle distance’ (Wobst 1977), and
thus, are not always simple food getting implements.
Additionally, while these tools are carried around the land-
scape by the individual, the object’s mode of production and
morphology was guided by its community of practice (Lave
and Wenger 1991; Dobres and Hoffman 1994). Consequently,
its form and use should conform to cultural ideals regarding
manufacturing techniques, morphology, use, and discard. As
communities generally inhabit and exploit a certain territory
(of varying sizes depending on their residential mobility
strategy, resource richness, etc), the ‘style’ of weapon carried
by an individual can become indicative of that region and the
people who occupy it. Because of the production and use of
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these material culture items within cultural constraints, and
because of the tendency of weapons to be utilized in a certain
way and in a certain (at least semi-) confined spatial area,
hunting equipment has been utilized as a central element for
investigating cultural variability in the deep past.

These factors are but some of the reasons that osseous
projectile weaponry deserves more space in discussions on
cultural variability in the deep past, and why the papers
drawn together in this volume are so valuable for future
research into this area.

Issues and Challenges in Osseous
Projectile Weaponry Research

As most readers are aware, there is a mountain of literature
regarding the place of lithic technologies in investigating
human behavioral evolution, dispersal and interaction of
Pleistocene human groups, and temporal changes in subsis-
tence, technological, and social practices. While this inor-
ganic evidence has a significant place in our exploration of
these contexts, osseous technologies are no less deserving.
Like lithic techno-complexes, osseous assemblages are
found in the earliest Modern Human and Neanderthal sites,
in a wide range of environmental contexts, were used to
exploit a vast array of fauna, and required specialist knowl-
edge of the properties inherent to the raw materials used in
their manufacture. These assemblages also share a number
of the same issues.

For example, as is the case for Australia (Langley et al.
2011), vast areas of Africa remain uninvestigated archaeo-
logically (Yellen 1998), this latter continent also having a
small number of post-200 ka sites properly excavated or
dated using recent standards (Backwell and d’Errico 2016).
Europe remains the most thoroughly explored, though issues
of excavation and dating quality are present here also. For
example, Evora (2016) comments on the differential atten-
tion archaeologists have given the Estremadura region of
Portugal, to the detriment of Algarve. Consequently, we cannot
be sure that identified spatial patterns represent past realities
in osseous weaponry distribution and use, just as is the case
for identified lithic patterning.

Another shared issue between lithic and osseous projec-
tile weaponry is the use of a plethora of terms when describ-
ing and discussing the technology. Spears that are thrown
by hand are commonly referred to as ‘spears’, ‘darts’ or
‘sagaies’, with these latter two terms also used to describe
lighter projectiles which were propelled with a spearthrower
(commonly termed an ‘atlat!’ in America and a ‘woomera’ in
Australia). A ‘dart’ can describe a weapon launched with a
spearthrower, or a small, lightweight point propelled with
the use of a blowgun. Perhaps the most debated term in

Pleistocene osseous weaponry research in the last few years,
however, is the use of the term ‘harpoon’ (‘harpon’). Having
been widely used to describe the uni- and bilaterally barbed
antler points of the European Magdalenian (e.g., Lartet 1861;
Julien 1982), whether these weapon tips functioned as a true
mobile harpoon head—that is, as “a hunting weapon, thrust
or thrown, whose tip is mobile and linked by a line to the
shaft, to another object or to the user” (Weniger 1995:20)—
continues to be debated (e.g., Lartet and Christy 1875; Piette
1895; Girod and Massénat 1900; Julien 1982; Weniger 2000;
Pétillon 2008; Langley 2015). The uncertainty surrounding
the true function/s of these distinctive European Paleolithic
implements has resulted in researchers recently divorcing
these artefacts from their traditional French name of ‘harpon’
with all its functional connotations, in favor of the much less
presumptuous term, ‘barbed point’ (Weniger 1995; Pétillon
2008; Langlais et al. 2012).

Another issue that osseous weapons share with their lithic
counterparts is the difficulty in identifying the method by
which they were launched towards their target. Comparison
with ethnographic weapons from various cultural contexts
have shown there is significant cross over in point size
between those shot with a bow and those shot with a spear-
thrower, and then those shot with a spearthrower and those
thrown by hand (Cattelain 1997). Consequently, direct evi-
dence for launch type is often the only way to positively
determine how the weapons were launched. Launch systems,
however, are far rarer in the archaeological record than the
points they were projecting, limiting data sources for both
lithic and osseous point specialists alike.

Thus, while osseous projectile weaponry is more suscep-
tible to taphonomic processes and differential preservation
than lithic versions, they are nevertheless, recovered from
the Pleistocene archaeological record in numbers great
enough to warrant their systematic integration into narratives
of Pleistocene cultural variability. The next section provides
a brief outline of osseous projectile weaponry thus far recov-
ered, in order to orientate the reader for the chapters that
follow.

An Overview of Late Pleistocene Osseous
Projectile Weaponry

While bone tools are reported for both South and East
African early hominid sites dated to between 1.8 and 1 mil-
lion years ago (Backwell and d’Errico 2005), and both bone
and antler were similarly used as raw materials for imple-
ments in pre-400 ka contexts in Europe (Villa and d’Errico
2001), the first examples of osseous projectile weapons do
not appear until significantly later in the archaeological
record.
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Within Africa, a bone artefact from El Mnasra (Morocco)
which is interpreted as a broken spear point and is dated
by optically stimulated luminescence (OSL) to between c.
107,000 and 106,000 years BP (Jacobs et al. 2012; El Hajraoui
and Debénath 2012), constitutes the oldest probable osseous
projectile identified. As Backwell and d’Errico (2016) note, if
the function and age of this (and associated) artefacts are con-
firmed by new discoveries, the Aterian (a techno-complex of
North Africa) may represent a cultural adaptation in which
osseous points for projectile use were systematically created
for the first time (Campmas et al. 2015). Dating to some
10,000-20,000 years later, the barbed and unbarbed bone
points of Katanda (Democratic Republic of the Congo) repre-
sent the oldest known hafted points within Africa. The layer
from which these artefacts originate has been attributed an
age of c. 90,000 years BP (Brooks et al. 1995; Yellen et al.
1995; Yellen 1998; Brooks et al. 2006). Although considered
by some as possibly younger (Ambrose 1998; Klein 1999,
2000, 2008), more recent dating of the site confirms an age in
excess of 60,000-70,000 years, and certainly no younger than
50,000 years BP (Feathers and Migliorini 2001).

After this precocious appearance of the Katanda barbed
technology, barbed points do not reappear in sub-Saharan
Africa until c. 20,000 years BP at Ishango (also in the
Democratic Republic of the Congo) (de Heinzelin 1962;
Brooks and Smith 1987), before becoming a common occur-
rence in Later Stone Age (LSA) sites throughout the region.
These LSA deposits, usually associate barbed points with
conditions of increased precipitation, higher water levels,
fossil shorelines, aquatic resource exploitation, and com-
monly date to between 10,000 and 4000 years BP (e.g.,
Monod and Mauny 1957; Wendt 1966; Robbins 1974;
Barthelme 1977; Phillipson 1977; Petit-Marie et al. 1983;
Barthelme 1985; Yellen 1998). The southernmost African
barbed bone points have been recovered from White Paintings
Shelter (Botswana), with the oldest example at this site per-
haps dating to the Late Pleistocene, and the youngest overly-
ing a charcoal date of 2260 years BP (Robbins et al. 1994).

Interestingly, barbed bone points have not been recovered
from either Middle Stone Age (MSA) or LSA deposits in
Zimbabwe or South Africa, though a single fragmentary uni-
laterally barbed bone point associated with an Iberomaurusien
industry (bracketed by radiocarbon dates of 10,800 years BP
and 12,070 years BP) has been found at Taforalt (Morocco)
(Camps 1974). Given the similarities of this particular
artefact to those made and utilized by contemporaneous
European peoples across the Straits of Gibraltar (see
Villaverde et al. 2016), some researchers have speculated on
the possibility that this particular artefact was inspired by the
neighboring Magdalenian technology (e.g., Otte 1997,
Straus 2001).

On the European continent, barbed points were manufac-
tured from both terrestrial and marine bone, red deer and
reindeer antler, along with mammoth ivory. These points are

found within the well-studied Magdalenian techno-complex,
with between 1500 and 2000 examples thus far recovered
(Langley et al. 2016). The earliest well-dated (including
direct dates on objects) examples of barbed points on this
continent come from Fontalés, d’Espalunge, Isturitz, and
Tito Bustillo—all of which date to around 16,000-15,500 cal
BP (Tisnerat-Laborde et al. 1997; Szmidt et al. 2009; Pétillon
et al. 2015), and continue to the end of the Late Magdalenian
(c. 12,200 years cal BP) before being replaced by Azilian (an
Epipaleolithic culture) barbed points in these same regions.
While barbed points are found throughout the Magdalenian
territory, regional differences in morphology have been
noted (e.g., Julien 1982; Weniger 1992). In general, bilater-
ally barbed points dominate assemblages in the Périgord and
Quercy regions, whereas unilaterally barbed points have a
statistical and numerical dominance in areas both to the
north and south of this area. Other noted regional differences
in Magdalenian barbed point technology include the restric-
tion of perforated bases to the northern Spanish coast (com-
monly known as the ‘Cantabrian type’; Weniger 1987), and
unilaterally barbed points to the Mediterranean coast of
Spain (Villaverde and Roman 2005-2006) (Villaverde et al.
2016).

Barbed bone points are rare in the Natufian of the Levant,
with the largest sample (consisting of only seven artefacts)
recovered from Kebara Cave (Israel) and dated to around
11,000 years BP (Yellen 1998). As noted by Henry
(1989:197-202), bone artefacts (including barbed points,
bi-points, fishhooks, and gouges) become common in the
Natufian (see Campana 1991 and Stordeur 1991 for an over-
view), perhaps because they represent higher investments in
production than wooden equivalents (also see Hayden 2004).
Here in the Levant, barbed points are traditionally associated
with fishing, though Henry (1989) suggests they were more
likely utilized in hunting terrestrial prey.

Stingray spines (probably the estuarine species Pasti-
naachus sephen/cowtail stringray) which display natural
barbs are known to have been utilized to tip projectiles dur-
ing the Terminal Pleistocene/early Holocene (stratigraphically
associated to 8982-8645 cal BP [OxA-18358] and slightly
before 9030-8650 cal BP [OxA-11864]) of Southeast Asia
thanks to finds in the Niah Caves (Sarawak) (Rabett 2005;
Barton et al. 2009; Rabett et al. 2013). Bone points (unbarbed
and including bipoints) were also recovered from these same
contexts, with several examples retaining evidence for haft-
ing in the form of mastics and fibres (Barton et al. 2009).
Historically, stingray spine armatures were employed as both
spears and arrows and were used in hunting, fishing, and
warfare in Southeast Asia (Barton et al. 2009), along with
Australia (Davidson 1934; Allen et al. 2016), though exam-
ples dating to the Pleistocene are yet to be identified for this
latter region.

While barbed projectile points are a fascinating aspect of
osseous projectile weaponry, it is their unbarbed counterparts



1 Weaponry and Cultural Variability

5

which demonstrate both greater antiquity and spatial distri-
bution. In Africa, the aforementioned early examples from El
Mnasara and Katanda are joined by small assemblages from
the Still Bay layers of Blombos Cave dated to 75,000 years
BP (d’Errico and Henshilwood 2007; Henshilwood et al.
2009), as well as the pre-Still Bay layers at Sibudu Cave
dated to c. 72,000 years BP (Jacobs et al. 2008a, b; d’Errico
etal. 2012; Backwell and d’Errico 2016). The morphological
variability in the bone points from Blombos Cave, along
with the morphology of the three most complete specimens
and a proximally broken specimen, suggest they were more
likely the tips of spears than arrows, with the later technol-
ogy (bow-and-arrow) suggested to have been present from
around 60,000 years BP in South Africa (Backwell et al.
2008; Lombard and Phillipson 2010; Villa et al. 2010;
Lombard 2011). As will be outlined below, African bow-and-
arrow technology was likely established during the MSA
(Howiesons Poort), with current evidence suggesting that
poison-tipped (bone) arrows were one of the key innovations
of the LSA (Backwell et al. 2008). Previously thought to
have been employed only after about 8000 years BP (Deacon
1976; Opperman 1987; Mitchell 2002), the use of floral-
based poisons is now demonstrated to have an antiquity of at
least 24,000 years BP owing to the recovery of a wooden
poison applicator from Border Cave, South Africa (d’Errico
et al. 2012).

Unbarbed points are well-represented throughout Western
and Central Europe, becoming more numerous and diverse
in design throughout the European Upper Paleolithic,
prompting Straus (1993:83) to dub these artefacts as “the
most dynamic component of the Upper Paleolithic technolo-
gies”. Aurignacian (starting around 43,000 cal. BP the chro-
nology of the Aurignacian is highly contested: see Zilhdo
and d’Errico 1999; Higham et al. 2012) hunting kits con-
tained split-based points and simple-based points (Karavanic¢
2016; Tejero 2016). Gravettian (c. 29,000-22,000 years BP)
assemblages comprise simple-based points, bevelled-based
points, Isturitz points, simple-based points with mesial inci-
sions (Goutas 2016), and Magdalenian (20,700-14,000 cal
BP) kits exhibit a huge range of osseous and composite
osseous-lithic types (Chauviére 2016; Langley et al. 2016;
Villaverde et al. 2016).

Unbarbed points of various sizes and proximal (hafting)
morphologies are found in South Asia (Perera et al. 2016),
Island Southeast Asia (Aplin et al. 2016), Australia (Allen
et al. 2016), and North America (O’Brien et al. 2016). The
attributes of each weapon tip being dictated according to the
raw materials available for point manufacture, the target
fauna, the environmental landscape in which the hunting
occurred, and the community of practice in which the
weapon was produced.

Both barbed and unbarbed points were attached to fore-
shafts and sometimes link-shafts, with the former being a
piece of hard wood, bone, antler, ivory etc. to which the

projectile point is attached at one end and the main shaft
(usually made from vegetal material) to the other. This ele-
ment acts to add weight to the projectile, and serves to save
the (usually) wooden shaft from breakage in use. The term
‘link-shaft’ is sometimes used to refer to the foreshaft (e.g.,
Sackett 1985), though they are also a distinct element often
described from African contexts. Here, they are usually
made from bone, are thick (compared with the point), sym-
metrical, and bipointed (Deacon 1984; Inskeep 1987). In
Africa, where link-shafts are utilized, the foreshaft is gener-
ally made of reed or wood (Deacon 1984). Interestingly,
some authors argue that they are “good indicators for the
use of the bow-and-arrow” when found in these archaeo-
logical contexts (Inskeep 1987:165).

In Europe, perhaps the most interesting recent discovery
concerning these mid-shaft elements is the identification of
numerous foreshafts (and points) made from cetacean bone
(probably whale) dating to the Middle to Late Magdalenian
(c. 17,500-15,000 years cal BP) (Langley and Street 2013;
Pétillon 2013; Langley et al. 2016). Analysis of the spatial
distribution of these artefacts allowed Pétillon (2013) to con-
clude that the bone was exclusively of Atlantic origin, with
objects made from this material being transported along the
Pyrenees up to the central part of the range some 350 km
away. Similarly, the discovery of a sole foreshaft in cetacean
bone from the Late Magdalenian open air site of Andernach-
Martinsberg (Central German Rhineland) indicated that
these artefacts were sometimes transported over significantly
longer distances —in this case, more than 1000 km (Langley
and Street 2013).

Through comparison with ethnographic datasets
(Christensen et al. 2016), it has been determined that the
various Pleistocene projectiles were launched either by hand,
with a spearthrower, or with a bow. The choice of which
launch system was employed rested on a variety of factors
including: the target prey, the environment (open, forested,
etc.) in which hunting was taking place, the required success
rate, the proximity to the target needed, and the raw materials
available for launch aid manufacture (among other factors).

The spearthrower is made up of a rod or plank with a hook
or gutter, with or without a spur, on or in which is inserted a
fletched or inflected projectile (spear, harpoon, long arrow)
for use in hunting, fishing, or warfare. The use of this tool
increases the initial velocity of the projectile thrown, and
thus, increases the force at impact and its efficiency in inflict-
ing a mortal wound to the target. It also significantly increases
the range over which the hunter can effectively hurl the
weapon. The earliest archaeological evidence for a known
spearthrower is a Solutrean antler spearthrower hook from
Combe Sauniere dated to 17,470 years BP (Geneste and
Plisson 1986; Cattelain 1989), with components found from
this period through to the Magdalenian (Cattelain 1988,
1989; Bellier and Cattelain 1990; Stodiek 1993; Cattelain
1997). Only the distal extremities of the spearthrower, made
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of antler, bone, or ivory, survived to recovery, however, the
handles presumably were made of wood, and attached via the
use of ligatures and possibly also adhesives (Cattelain 1997).
The bow, like the spearthrower, acts to increase the accu-
racy and force by which a projectile point is launched. It is
essentially a spring made from two flexible, elastic limbs
held under tension by a string, which when the latter is pulled
back, allows energy to accumulate in the bow. This energy is
transmitted directly to the arrow when it is launched forward
(Hamilton 1982; Cattelain 1997). Bows show higher vari-
ability in form than spearthrowers, and can be made from
wood, horn, antler, sinew, and vegetal fibers among other
organic materials. Determining when the bow first appeared
in a hunting toolkit is extremely difficult owing to the simple
fact that most are made from wood which only preserve over
long time periods in very particular depositional environ-
ments. The earliest known fragments of bows (along
with arrows) were found in a peat bog at Stellmoor, an
Ahrensburgian site dated to the final Paleolithic in Europe
(c. 11,000 years BP) (Beckhoff 1968). These examples were
made from pine heartwood. At Holmegaard (Denmark), sev-
eral bows made from elm dated to around 8000 years BP
have similarly been recovered (Beckhoff 1968; Cattelain
1997). Recent discoveries in South Africa have suggested
that bow-and-arrow technology was utilized from around
60,000 years BP, as mentioned above, with arrows being
tipped with both bone and stone points (Backwell et al. 2008;
Lombard and Phillipson 2010; Villa et al. 2010; Lombard 2011).
Identifying the oldest evidence for the bow in North
America remains highly contested, however, most researchers
agree on several key facts. First, researchers currently hypoth-
esize that the bow was an intrusive element diffused from
Northeast Asia, as no one has yet been able to demonstrate its
independent invention in America (Nassaney and Pyle 1999).
Secondly, it is generally agreed that the spearthrower (often
termed an ‘arlatl’ in this region) preceded the use of the bow
by several thousand years (e.g., Kellar 1955; Fagan 1995; cf.
Amick 1994), and while it is widely accepted that the bow
was in use around 2300 years BP, it has been suggested that
the bow and arrow may have appeared at around or even
before 4000 years BP in Eastern and Central United States
(Ames et al. 2010), before spreading further south by around
2500-3000 years BP (Yohe 1998). The spearthrower remained
in use for several centuries before complete replacement by
the bow c. 1000 years BP (Bettinger and Eerkins 1999;
Nassaney and Pyle 1999; Chatters 2004; Ames et al. 2010).
Further south, the bow is thought to be present after 1400
BP (as based on lithic point size and morphology: Piana and
Orquera 2009), with a significant period of overlap between
spearthrower and bow use suggested (Charlin and Gonzdlez-
José 2012). Interestingly, while the bow and arrow were
likely utilized in Pleistocene Southeast Asia (though its exact
antiquity here is unknown; Piper and Rabett 2009), it never

saw use on the Australian continent. An organic weapon that
has become iconic for Australia in recent times, the boomer-
ang (also known as a ‘Karli’), was in fact used on virtually
all inhabited continents in the past (Ferguson 1843; Peter
1986; Jones 2004). Boomerangs are a thrown weapon, typi-
cally constructed from wood in a flat aero foil design which
results in the object spinning about an axis perpendicular to
the direction of its flights. These items are best known for the
returning variety, which when thrown, return to the person
who threw the weapon via a wide arc. These weapons were
traditionally used to hunt smaller prey such as birds and
small mammals, though are also known to have seen use in
warfare (Tacon and Chippendale 1994; Jones 2004).

Of particular interest to our discussion of osseous projec-
tile weapons, is a near complete boomerang manufactured
from mammoth ivory recovered from Gravettian (c.
23,000 years BP) levels at the Polish site of Oblazowa Rock
(Valde-Nowak et al. 1987). Another, smaller fragment, this
time in mammoth bone was found in Upper Paleolithic con-
texts at Stillfried (Austria), though its exact cultural affilia-
tion remains unknown (Kriegler 1962).

The final type of projectile weapon to be considered here
are fishhooks, which may be classified as such because they
are thrown into rivers or oceans in order to retrieve fauna.
Fishhooks have been manufactured from a great range of
organic raw materials, though those made from shell and
bone have survived from the widest variety of depositional
contexts and returned the oldest dates thus far.

Currently, the oldest fishhook in the world was recovered
from Jerimalai in Timor-Leste and is dated to between c.
23,000 and 16,000 cal BP (O’Connor et al. 2011). This arte-
fact, along with another example from this same site, and a
third from the nearby site of Lene Hara are dated to c.
11,000 cal BP. All are manufactured from Trochus shell.
These examples are single-piece baited hooks and do not
seem suitable for pelagic fishing, though bone points from
these same sites may have formed parts of composite fish-
hooks which could have been used for the fishing of
Scombridae which is represented at levels dated to around
42,000 cal BP (O’Connor et al. 2011).

The possibility that at least some of the bone bipoints
recovered from various Paleolithic contexts functioned as
parts of composite fishing technology (including both gorges
and multi-component hooks) is an issue which comes up in
several of the chapters presented herein (Allen et al. 2016;
Evora 2016; Goutas 2016; Perera et al. 2016). If some of
these artefacts were indeed used as fishhook components, the
spatial and temporal understanding of this approach to food
getting would be considerably expanded. Clearly further
experimentation and microscopy is required in investigating
this aspect of early food gathering.

Known bone fishhooks are present in the Southwest Sahara
(Africa) from around 6500-3700 years BP (Petit-Marie et al.
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1983), while in Europe, fishhooks are known from Final
Paleolithic contexts, including those at the sites of Klein
Lieskow, Germany (Pasda 2001; Street et al. 2002); Grotte du
Bois-Ragot and Pont d’Ambon, France (Chollet et al. 1980;
Cleyet-Merle 1990); and Gratkorn, Austria (Pittioni 1954).
Recently, however, a fishhook made from mammoth ivory
was recovered from Federmessergroupen contexts dated to
around 12,300 cal. BP at Wustermark 22, Germany, and now
constitutes the oldest example in Europe (Gramsch et al.
2013). While fishhooks have not been found in earlier
Paleolithic contexts, we know that fishing played an important
role in Late Magdalenian life (at least) owing to significant
quantities of salmon (and other) fish bones which were recov-
ered from numerous sites (Cziesla 2004). Importantly, evi-
dence for other examples of Late Pleistocene fishing often
imply the use of nets rather than hooks, either owing to the
recovery of net sinkers or the size the fish constituting the
faunal assemblages (e.g., Ohalo II, Israel: Nadel and Zaidner
2002; Lake Tandou, Australia: Balme 1983, 1995).

While this overview of osseous projectile weaponry is far
from exhaustive, it does demonstrate the temporal and spa-
tial distribution of these diverse and often ingenious tech-
nologies, and consequently, their ability to significantly
contribute to future dialogues regarding Late Pleistocene
cultural variability.

Conclusion

Through outlining the osseous projectile technologies which
were in use prior to 10,000 years BP, we are able to fill a gap
in the literature, and ultimately, contribute to wider anthropo-
logical debates about human uniqueness and cultural vari-
ability. Given that around 90 % of Modern Human prehistory
occurred during the Pleistocene period, we cannot restrict
ourselves to ethnographies of modern day hunter-gatherer
peoples, nor those who lived in more recent prehistoric eras if
we hope to encompass the breadth and depth of human
behavioral and cultural variability. We must consider that
past peoples developed technologies to act within subsistence
and social strategies which may not be consonant with those
present within the past few hundred or even thousand years.
As plastic media, detailed analysis of bone, antler, and
ivory objects may provide the kinds of data required for
tracking micro-scalar changes in technological strategies.
Furthermore, data drawn from weaponry made from hard
animal materials provide insights into more than just the
technological realm owing to its ability to supply details on
the time/s of year that the utilized raw material was col-
lected and possible associations with subsistence strategies.
Such data complements lithic (and other) datasets and
allows researchers to draw more informed conclusions on

technological organization, social interaction, and group
movements during this most ancient period of human life.
That this information has remained on the peripheries of
Pleistocene archaeological research (with notable excep-
tions), is perhaps owing to a general lack of understanding
of the potential these materials have within the wider field
of research.

Thus, this volume provides an overview of the current
state of osseous projectile weaponry research. It is hoped
that the chapters that follow will provide readers with an
insight into the richness and diversity of this technology, and
inspire the wider integration of these collections into debates
and narratives on Pleistocene cultural variability.
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Chapter 2

Osseous Projectile Weaponry from Early to Late Middle

Stone Age Africa

Lucinda Backwell and Francesco d’Errico

Abstract Discussion about early projectile technology typi-
cally includes criteria used to distinguish artefacts used as
hafted points from those employed for other purposes, asso-
ciated faunal and lithic assemblages, palacoenvironment,
age of the material, associated hominins and their cognitive
capacities, criteria used to identify complex technology and
cognition, and how innovative technologies might have
developed and spread. Here we summarize what is known
about osseous weaponry in the African Middle Stone Age,
and discuss the implications of these items for the origin(s)
of modern cognitive complexity. Results indicate the use of
bone spear points in the Aterian and Still Bay, and bone-
tipped arrowheads in the Howiesons Poort and the Early
Later Stone Age. The appearance and disappearance of pro-
jectile technology suggests that it likely emerged more than
once, as an adaptation to local environments, rather than
being the outcome of a process in which technology advanced
in step with developing cognition.
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Introduction

The view that the development of technology was a gradual
process that proceeded in parallel with biological evolution
and complex cognition has been challenged in recent years
by evidence from Middle Stone Age (MSA) sites in Africa.
As Wadley (2006) points out, a lot has changed since Isaac
(1974) referred to African Middle Pleistocene archaeology
as the “muddle in the middle”. Since then a dozen MSA
sites have been newly dated, and the cultural sequence is
now firmly understood in southern Africa to include: pre-
Still Bay, Still Bay, Howiesons Poort, post-Howiesons
Poort, late and final MSA phases. The situation has also sig-
nificantly improved in northern Africa, an area in which the
earliest cultural horizons preserving unambiguous evidence
of bone tool utilization belong to the Aterian, an industry
that stratigraphically follows a local Mousterian and whose
time and geographic range is now much better known than
it was just a decade ago (Barton et al. 2009; Richter et al.
2010; Dibble et al. 2013; Scerri 2013). Other areas of
Africa, however, have not benefitted from a comparable
research effort, and some MSA cultural adaptations remain
insufficiently characterized and poorly dated (Barham and
Mitchell 2008).

Bone tools have been particularly valuable in tracking
cultural changes in time, identifying regional patterns,
characterizing technical systems, and inferring the degree of
complexity of cultural adaptations outside Africa (Breuil
1912). Although we are only at an early stage of that process
in Africa, the identification of formal bone tools in MSA
deposits has made this possible, and attempts at following
this path already exist (d’Errico et al. 2012b). Formal bone
tools are those that are cut, carved or polished, to form points,
awls, borers, and so forth (Klein 1999). The use of bone, and
its shaping into task-specific tools, is among the list of traits
identified as characteristic of modern human behavior
(McBrearty and Brooks 2000). As such, the early appearance
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of formal bone tools in the African MSA —together with pig-
ments (Watts 2009), engravings (Henshilwood et al. 2009;
Texier et al. 2010), personal ornaments (d’Errico et al.
2009a) and other forms of “modern” behavior, for example
heat treatment of stone for knapping (Brown et al. 2009;
Mourre et al. 2010) and hafting tools with compound adhe-
sives (Wadley et al. 2009)—has been used to support the
“Out of Africa” hypothesis, which postulates a causal con-
nection between the origin of modern humans in Africa
around 200 ka, synchronous with the gradual emergence of
modern culture. This model predicts a steady accrual of cul-
tural innovations in Africa that culminated in the increase
and spread of modern humans, and the rapid replacement of
archaic hominins in Africa and Eurasia by about 30 ka.

The evolution of tool-making from simple to composite,
and the diversification of raw materials utilized, suggest to
many that complex cognition, and perhaps some sort of lan-
guage with a complex structure, had to have been in place in
order for this to have happened (Ambrose 2010; Wadley
2010a, b; Sterelny 2012). It is for these reasons that evidence
of hafting—in particular the manufacture of bone and ivory
points, using techniques such as scraping, grinding, grooving
and polishing—is considered good evidence of complex
cognition and modern human behavior. However, if the Out
of Africa scenario is correct, one would not expect to find
behaviors considered specific to Homo sapiens sapiens asso-
ciated with archaic populations outside of Africa. The fact
that Neanderthals exhibited many of these complex behav-
iors (funerary practices, complex hafting techniques, bone
tool manufacture, personal ornamentation, pigment use)
before or at the very moment of contact with modern humans,
contradicts this theory (Koller et al. 2001; Pettitt 2002;
d’Errico 2003; d’Errico et al. 2003; Mazza et al. 2006;
Soressi and d’Errico 2007; Zilhdo et al. 2009; Caron et al.
2011; but see Bar-Yosef and Bordes 2010). In addition, con-
trary to showing a gradual increase in innovations, the
archaeological record shows a discontinuous pattern in
cultural evolution, with innovations appearing, disappearing
and reappearing again in different forms, indicating regional
cultural traditions and discontinuity in cultural transmission
(Villa et al. 2005; Jacobs et al. 2008a; d’Errico and Vanhaeren
2009; d’Errico et al. 2009b; d’Errico and Stringer 2011;
Lombard and Parsons 2011). Changes in mechanisms of cul-
tural transmission (Hovers and Belfer-Cohen 2006), climate
(Ambrose 1998a; Lahr and Foley 1998; Henshilwood 2008;
d’Errico et al. 2009a; d’Errico and Banks 2013) and demog-
raphy (Shennan 2001; Henrich 2004; Powell et al. 2009) are
proposed to account for the discontinuous pattern, but how
much each of these factors potentially contributed to the
process, and if so, to what degree they were inter-related,
remains unclear.

Considering that early hominin bone tools, dated to
between 2 and 1 million years ago, and associated with

Homo ergaster and robust australopithecines in the same
deposits, record evidence of intentional shaping through
grinding and knapping (d’Errico and Backwell 2003;
Backwell and d’Errico 2004, 2005), one may wonder how
‘formal’ a bone tool must be to tell us something about the
identity and cognitive abilities of its maker and user. Most of
the techniques used to manufacture bone tools do not require
a particularly high level of dexterity or cognition, nor do they
appear difficult to transmit from one generation to another,
even without language. Researchers propose a cognitive
attribution based on the amount of finishing to an end prod-
uct, or type and placement of wear observed, and consider
many steps in the process to be synonymous with cognitive
sophistication, but the truth is that bone tools themselves do
not always provide criteria by which to judge a degree of
cognition. It is the thought processes involved in achieving
the intended outcome that gauge behavioral complexity, and
these are more difficult to document and evaluate. Among
the archaeological tools listed as reflecting modernity
(points, awls and borers) are minimally modified forms that
do not fall within the standardized range of types and dimen-
sions one might expect from anatomically and behaviorally
modern people.

The MSA archaeological record, as with ethnographic
accounts, shows the use of bone tools to be highly variable,
ranging from absent in some societies, to minimally modi-
fied and highly sophisticated and specialized in others. In
this milieu it is difficult to assess the nature and cultural sig-
nificance of archaeological bone tools, let alone identify the
maker and user. An extremely small sample of modern and
archaic African middle and late Pleistocene hominin remains
renders our knowledge of the extent of hominin diversity,
distribution, first and last appearances, and associations with
lithic industries and each other, virtually nil (Barham and
Mitchell 2008; Backwell et al. 2014). It is widely accepted that
by 60 ka all people in southern Africa were anatomically
modern (e.g., McBrearty and Brooks 2000; Griin and
Beaumont 2001; Deacon and Wurz 2005; Marean and Assefa
2005), but with the fossil evidence available, and the fact that
late MSA lithic assemblages are characterized by being
highly variable (Wurz 2002; Wadley 2005), we really do not
know who was on the landscape, and what they were making
and using. Tracing the origin and transmission of innovative
behavior is all the more difficult when it is unclear whether
there was an accretional emergence of the modern human
morphotype from an archaic ancestor with a pan-African dis-
tribution (Brauer 2008; Pearson 2008), or whether there was
a more punctuated appearance, possibly a speciation event
from a geographically-restricted subpopulation of archaic
humans (Stringer 2002). It is against this backdrop that we
discuss what is known about osseous projectile weaponry in
Africa during the MSA, and discuss the implications of this
evidence for the origin of modern cognitive complexity.
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Osseous Projectile Technologies

Given the small sample of osseous tools known from the
MSA, and the fact that attributing a clear function is prob-
lematic in a number of cases, the word “projectile” is used
here in its broadest sense, to incorporate all forms of bone
points, from bone-tipped thrusting spears to hand-delivered
and mechanically projected weaponry. The oldest evidence
for the production of ‘formal’ bone tools comes from eight
African MSA sites (Fig. 2.1). Most of the finds are unique, or
consist of small collections of objects, in a number of cases
of uncertain stratigraphic provenance and chronological
attribution. Three bone objects from Broken Hill (Kabwe) in
Zambia (Clark et al. 1947), tentatively attributed to the early
MSA (Barham et al. 2002), and thought to be associated with
Homo heidelbergensis (elsewhere named Homo rhodesien-
sis), comprise a pointed implement and two bone flakes with

traces of scraping and polish due to use. The uncertain prov-
enance of these objects within the Broken Hill cave system
makes it difficult to draw definitive conclusions about their
age and significance (McBrearty and Brooks 2000). A point
reported from Mumbwa Cave in Zambia is considered
doubtful. The barbed and unbarbed bone points from the
Katanda sites in the Semliki Valley, Democratic Republic of
the Congo (formerly Zaire), are at present the oldest known
points from Africa that were clearly made to be hafted
(Fig. 2.2). The layer from which they originate has been
attributed an age of ca. 90 ka (Brooks et al. 1995; Yellen
et al. 1995; Yellen 1998; Brooks et al. 2006). Although con-
sidered by some as possibly younger (Ambrose 1998b; Klein
1999, 2000, 2008), more recent dating of the site confirms an
old age, at least in excess of 60-70 ka, and certainly no
younger than 50 ka (Feathers and Migliorini 2001). Given
the uniqueness of these kinds of artefacts, which predate
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Fig. 2.2 Selection of barbed bone points from Katanda, Democratic Republic of the Congo, dated to c. 90 ka, and interpreted as harpoons used

for fishing. (After Backwell and d’Errico 2014)

well-documented Later Stone Age (LSA) harpoons by
50,000 years or more, it is understandable that the age esti-
mates of these objects have been challenged.

The presence of bone tools in the North African Aterian
was reported more than 20 years ago by El Hajraoui (1994),
from the site of El Mnasra in Morocco. Until now, the sig-
nificance of the material has not been fully realized, partly
due to a scarcity of contemporaneous material elsewhere in
Africa at the time, and largely because the pieces were
fragmentary, and presented in the form of line drawings,
which renders independent assessment of the nature of the
material difficult. Recent publications by El Hajraoui and
Debénath (2012), and Campmas and colleagues (2015)
convincingly demonstrate their identification as worked
bone artefacts. Nine objects come from layer 5 of El Mnasra,
dated by optically stimulated luminescence (OSL) to
107+6.6 and 106+6.6 ka (Jacobs et al. 2012). Most of them
consist of complete or longitudinally split ribs of large herbi-
vores, thinned by scraping and grinding. The most complete
specimen, a split rib, has been shaped by grinding its medul-
lary aspect and edges. One end was additionally thinned by
scraping to produce an elongated slender tip, and the outer
surface of the rib marked with incisions (Fig. 2.3, left). A
mesial fragment of a similar object, shaped with the same
techniques, features on one side a curved protuberance
(Fig. 2.3, right). This second object is interpreted by El
Hajraoui and Debénath (2012) as a broken spear point.
Although these objects may have been used for such a func-
tion, their fragmentary state, which prevents analysis of the
tool tip, makes it difficult to establish that with confidence.

|‘a

Fig. 2.3 Bone implements from layer 5 at El Mnasra, Morocco, inter-
preted as spear points. (Modified after El Hajraoui and Debénath 2012)

It is, however, noteworthy that some spear points from
Katanda, probably made from ribs of very large mammals
and clearly used as spear points, as indicated by the presence
of barbs (Fig. 2.2), are reminiscent of the objects found at El
Mnasra, which supports the identification of the EI Mnasra
artefacts as spear points. If the function and age of these arte-
facts are confirmed by new discoveries, the Aterian might
represent an African cultural adaptation in which osseous
projectile points were elaborated for the first time, emerging
during the interglacial conditions of MIS5 (Campmas et al.
2015). El Mnasra and Katanda may represent the only known
examples of a phase in which large spear points were used
(including flat specimens made out of ribs), perhaps for
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Cave (b), Klasies River (¢) and Sibudu Cave (d); Later Stone Age lay-
ers at Rose Cottage Cave (e) and Jubilee Shelter (f), and an Iron Age
occupation at Mapungubwe, Zimbabwe (g). Two types of traditional
San bone arrowheads are shown: reversible poison-coated types with
linkshafts (h) and robust fixed types without linkshafts and poison

harpooning large fish, as suggested by Yellen et al. (1995) for
the Katanda specimens.

The oldest formal bone tools from southern Africa are
presently found in the Still Bay (SB) layers at Blombos Cave
(Fig. 2.4a) dated to 75 ka (d’Errico and Henshilwood 2007;
Henshilwood et al. 2009), and in pre-Still Bay layers at
Sibudu Cave (d’Errico et al. 2012b) dated to 72.5+2.0 ka
(Jacobs et al. 2008a, b). A point tip, a mesial fragment, an
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(i). Note the robusticity of the Blombos points, interpreted as spear
heads (a) compared with those from later contexts, and the reduction in
point size through time. Also note the similarity between the Sibudu
specimen (d) and arrowheads of the un-poisoned fixed type used by San
hunters (i). Scale=10 mm. (After Backwell et al. 2008)

almost complete spear point and a tanged bone point are
reported from M1 and M2 layers at Blombos Cave. A single
massive point, different from those found in the MSA and
LSA layers at Blombos Cave, was recovered in the dune
sand layer, with an age of ~70 ka (Jacobs et al. 2003).

The morphological variability in the bone points from
Blombos Cave, and the size and weight of the three almost
complete specimens and a proximally broken tip, suggests
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Fig. 2.5 Bone point from Sibudu Cave HP layers, dated >61 ka, interpreted as an arrowhead, showing clear evidence of intentional shaping by
means of scraping using a stone tool. Scales=10 mm. (After Backwell et al. 2008)

they are more likely spear points than arrow points. This is,
however, difficult to demonstrate since relatively large bone
arrowheads are known ethnographically (Bosc-Zanardo
et al. 2008; Bradfield 2012) and archaeologically (Guthrie
1983; Zhilin et al. 2014). The interpretation of the Blombos
bone artefacts as spear points is none-the-less consistent
with most ethnographic and recent archaeological stone
point dimensions, which show spear tips to be 5 times larger
than arrowheads (Villa and Lenoir 2006). It is also consistent
with the remainder of the Still Bay tool kit found at Blombos
Cave, which includes bifacial points made of silcrete and
quartz, many of which are of a size and weight incompatible
with their use as arrow points.

A bone point from Peers (Skildergatkop) Cave (Fig. 2.4b)
was retrieved from either the Howiesons Poort (HP) or Still
Bay layers at the site (Peers 1929). A study of carbon-nitrogen
ratios in the Peers point, and a sample of MSA and LSA
faunal remains from this site, confirms that the point origi-
nates from MSA layers (d’Errico and Henshilwood 2007).
A bone point from the lowest HP levels at Klasies River
(Fig. 2.4c) in layer 19 of Shelter la, dated to c. 70-65 ka
(Miller et al. 1999; Vogel 2001) is described by Singer and
Wymer (1982) as similar in color to MSA bone from the
same level. Pointed MSA bone tools from Sibudu Cave
include a large bone point from layer GS (Figs. 2.4d and 2.5),
in HP layers with age estimates >61 ka (Backwell et al. 2008;
Jacobs et al. 2008b, c).

Comparative microscopic and morphometric analysis of
the large bone point from Sibudu Cave with bone tools from
southern African Middle and Later Stone Age deposits
(Fig. 2.4e, f), an Iron Age occupation (Fig. 2.4g), San hunter-
gatherer toolkits (Fig. 2.4h, i), and bone tools used experi-
mentally in a variety of tasks, revealed that it is most similar
to arrow points from LSA, Iron Age, and historical San sites
(Fig. 2.6). This is interpreted by Backwell and colleagues
(2008), together with the extreme symmetry recorded in the
tip of the Sibudu point, as a shift from the use of hand-
delivered bone spearheads in the Still Bay (at Blombos) to
bow and arrow technology in the Howiesons Poort, repre-
sented at Sibudu Cave, and probably Klasies River Mouth
and Peers Cave. Table 2.1 provides contextual information
on the bone points analyzed. The Sibudu bone point also
falls within the morphological variability of a type of un-
poisoned fixed bone arrow point used by Bushmen for hunt-
ing small game and birds (Fig. 2.41), which is in accordance
with the associated fossil fauna, represented mostly by small
forest antelope (Plug 2004; Clark and Plug 2008; Wadley
2010a, b).

Use-wear and residue analysis of lithics from Sibudu
Cave show that many segments from HP layers also have
ochre and plant adhesive traces on their curved backs where
they would have been hafted to shafts or handles (Lombard
2006, 2008). Some lack ochre, and instead have fat mixed
with plant material (Wadley et al. 2009). Design, impact
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Fig. 2.6 Variation in size at 30 mm from the tips of bone points from Blombos Cave, interpreted as spear heads, and those from later con-
MSA, LSA, and Iron Age sites, and ethnographic San hunting kits.  texts. (After Backwell et al. 2008)
Note the difference in standardization between the specimens from

Table 2.1 Contextual information on bone points analyzed from southern Africa

Site Cultural attribution Age n Museum/institution ~ Reference

Blombos Cave MSA (SB) ~84-72 ka 3  Iziko Henshilwood et al. (2001); Jacobs et al.
(2006); d’Errico and Henshilwood (2007)

Klasies River Mouth ~ MSA (HP) 66-45 ka 1 Iziko Singer and Wymer (1982); Deacon and
Wurz (1996); Wurz (1999)

Sibudu Cave MSA (HP) >61 ka 1 Wits Wadley (1987, 2006); Wadley and Jacobs
(2004, 2006)

Peers Cave MSA (SB/HP) 75-50 ka 1 Iziko d’Errico and Henshilwood (2007)

Nelson Bay Cave Later Stone Age (CW)  9000-5300 BP 5 Iziko Inskeep (1987); Deacon (1982, 1984b)

Jubilee Shelter Later Stone Age (IW) 8500-5200 BP 7 Wits Wadley (1989, 1993)

Rose Cottage Cave Later Stone Age (IW) 4000-2000 BP 1 Wits Sampson (1974); Wadley (1993, 2000)

Mapungubwe Iron Age AD 200—present 25 Wits Voigt (1983)

Namibia (Kalahari) Modern San Historical times 117  Museum Africa Wanless (2007)

hunter-gatherers
SB Still Bay, HP Howiesons Poort, CW Coastal Wilton, /W Interior Wilton, Wits University of the Witwatersrand
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Fig. 2.7 Split warthog (P. aethiopicus) or bushpig (P. larvatus) lower
canine (tusk) from layer 1BS Lower B-C at Border Cave, dated to
between 43 and 42 ka. It shows scraping to produce a lanceolate shape,

fractures and residues suggest that some segments from
Sibudu Cave and nearby Umhlatuzana Rock Shelter are
likely to have functioned as arrowheads (Lombard and
Pargeter 2008; Wadley 2008; Lombard and Phillipson 2010;
Lombard 2011), supporting an early date of >61 ka for the
origin of bow and arrow technology in sub-Saharan Africa.
Impact fractures and animal residues on points from post-HP
layers at Sibudu Cave suggest their use as spear tips
(Lombard 2004, 2005; Villa et al. 2005). A warthog
(Phacochoerus aethiopicus) or bushpig (Potamochoerus
larvatus) tusk from Border Cave, dated 43-42 ka, and
scraped into a lanceolate shape, supports the use of spears in
the late MSA (Fig. 2.7). This may either imply the loss of
bow and arrow technology for about 20,000 years, until it
appeared again at Border Cave in the Early LSA (Fig. 2.8),
between 44 and 43 ka (d’Errico et al. 2012a), or a continuity
that has remained, for the moment, archaeologically invisi-
ble. The former hypothesis is consistent with the fact that,
contrary to the lithic technology at Border Cave, which
shows a gradual evolution from about 56 ka towards the
LSA (Villa et al. 2012), a suite of organic artefacts similar to
LSA and modern Kalahari San material culture, including
probable arrowheads, appear quite abruptly, highlighting an
apparent mismatch in rates of cultural change.

Detailed analyses show that MSA bone tool production
methods follow a sequence of deliberate technical choices,
starting with blank production, the use of various shaping
methods, and the final finishing of the artefacts to produce
projectile points and other tool types (d’Errico et al. 2012b).
Tool production processes in the MSA conform to generally

and on one end has deep transverse incisions, probably to facilitate haft-
ing. Scale=1 cm. (After d’Errico et al. 2012a)

accepted descriptions of ‘formal’ techniques of bone tool
manufacture, and apart from a large flat point from Still Bay
layers at Blombos Cave, careful scraping is typical on
MSA bone points, while LSA bone points evidence shaping
through scraping and grinding. Bone points dated to between
39 and 10 ka are known at four southern African sites: Border
Cave, Boomplaas, Nelson Bay Cave and Bushman Rock
Shelter. Thereafter they become widespread in southern
Africa and common in LSA sites (Deacon 1984a; Deacon
and Deacon 1999; Wadley 1993).

Discussion

When observed in a broader context, African MSA bone
tools in general, and spear points in particular, begin to shed
light on previously undetected regional variations in bone
tool technology and utilization. The possible bone spear
points from Morocco are remarkably different in technol-
ogy and shape from the Katanda harpoons, the relatively
robust Blombos spears, the slender Sibudu specimen, the
probable point made of a bushpig tusk from Border Cave
and the thin San-like arrow points from Border Cave and
contemporary sites.

An apparent mismatch appears when comparing the cul-
tural affiliation of sites based on lithics and the presence/
absence of bone tools, or the associated bone artefact types.
Bone tools in the form of thinned ribs, modified long bone
shafts and retouchers only occur at a few early Aterian sites
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Fig. 2.8 Bone point from Border Cave, shaped by scraping, dated to the
Early LSA, between 44 and 43 ka, and decorated with a spiral incision filled
with red pigment (fop), interpreted as a mark of ownership, as practiced by

located on the Atlantic coast of Morocco. We are left to won-
der why no bone tools are found at the numerous more recent
Aterian sites in the remainder of North Africa (Tixier 1967;
Richter et al. 2010; Schwenninger et al. 2010), a number of
which are in caves and shelters with reasonable preservation
of bone. Bone tools occur in the pre-SB at Sibudu, but are
absent in pre-SB layers elsewhere. They are numerous in the
SB of Blombos Cave, but are absent in the SB of Diepkloof
and Sibudu. Numerous bone tools are found in the HP and
post-HP layers at Sibudu, but are absent, apart from four pos-
sible objects from Klasies, and from the many HP sites exca-
vated so far in southern Africa, including the recently and
meticulously excavated site of Diepkloof (Parkington et al.
2013). Sibudu bone tools are not only more varied in their
conception, morphology, and the variety of tasks and material
for which they were used, some categories such as splitting

modern San hunters. Burnt bone point in three pieces, dated 43-42 ka, and
shaped by intense scraping with a stone flake (botfom). Horizontal
scales=1 cm, vertical scales=1 mm. (After d’Errico et al. 2012a)

tools (scaled pieces, wedges) and smoothers are peculiar to
this site, and straddle the HP and post-HP technocomplexes.

Such a pattern cannot be attributed to preservation factors,
because well-preserved faunal assemblages were recovered
from MSA sites with no bone artefacts. Raw material avail-
ability is also not a viable proposition, as a large variety of
animal taxa and size are recorded at MSA sites. Site function
cannot account for these differences, as many, if not all of the
MSA sites discussed were places of habitation, and therefore
where most of the subsistence and social activities were per-
formed. Differences in available resources may of course
have stimulated the creation of different bone tool traditions
in different regions in response to local need, but we find the
environmental explanation alone unsatisfactory. It does not
explain why similar regional differences do not emerge in the
lithic technology. Moreover, regional differences are now
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emerging in categories of material culture that are less linked
to environment. Fragments of ostrich eggshells are ubiqui-
tous at MSA sites, but engraved ostrich eggshells are only
found in the HP layers of three sites, namely Diepkloof
(Texier et al. 2010, 2013), Klipdrift (Henshilwood et al.
2014), and Apollo 11 (Vogelsang et al. 2010), and at
Diepkloof they also occur in pre-HP layers. Although most
designs used are found at both Diepkloof and Klipdrift, some
only occur at one site, suggesting regional variation in style.
Engraved hematite fragments, which are abundant in
Blombos SB and pre-SB layers, and present in the pre-SB
layers of Pinnacle Point (Watts 2010) and in the HP at Klein
Kliphuis (Mackay and Welz 2008), are absent from SB and
pre-SB layers at Diepkloof and Sibudu. Two Conus shells,
intentionally perforated and coated with red pigment, one of
which is associated with an infant burial, come from HP lay-
ers at Border Cave (Cooke et al. 1945; Beaumont and
Bednarik 2013; d’Errico and Backwell 2016), dated to 74 ka
(Griin et al. 2003). Shell beads are found at Blombos in the
SB layers and at a number of sites in north Africa (Bouzouggar
etal. 2007; d’Errico et al. 2009a, b) and the Near East (Mayer
et al. 2009), but none is recorded at Diepkloof in the same
cultural horizons, and the few possible shell beads from
Sibudu SB layers (d’Errico et al. 2008) belong to a different
taxon in spite of the availability at Sibudu of the species used
at Blombos. The Katanda bone harpoons, which exhibit an
unparalleled precocious technological sophistication in the
central African region, probably reflect the same trend, which
is the localized emergence and loss of a significant
innovation.

The question of the emergence of cultural modernity has
generally been approached by analyzing the archaeological
record in search of behaviors considered as comparable to
our own. Personal ornaments, engravings, projectile weap-
onry etc. represent items of complexity, either in the level of
cognition required to conceive of and manufacture them, or
in the symbolic meaning they carry. When extracted from
their original context, some items tell little of their once useful
function, and say nothing about their symbolic significance.
The truth is that we have little idea about what happened in
Africa between 60 and 30 ka, and it is at present difficult to
assess the relationship, if any, between the suite of cultural
adaptations recorded before 60 ka and those that emerged
with the Later Stone Age.

Although they may well have been used in a comparable
framework, the possibility exists that in the deep past such
cultural items played a completely different role from the
one attributed to them by archaeologists. In light of this,
making inferences about MSA societies based on what we
know about modern hunter-gatherers from southern Africa is
problematic. The ethnographic record can stretch only so
far, with the longest connection to modern culture as we
know it, represented at Border Cave in South Africa at 44 ka

(d’Errico et al. 2012a). Here the suite of complex and varied
technical and symbolic items that characterize more recent
LSA and historical San material culture enter the archaeo-
logical record abruptly, including bone points identical to
San poisoned arrow points, one of which is incised with a
mark of ownership filled with red ochre (Fig. 2.8), ostrich
eggshell beads, a digging stick, and items associated with
hunting, such as a wooden poison applicator and lump of
beeswax.

Exploring whether snares and traps were used in the MSA
(Wadley 2010a, b) is a good example of how the archaeo-
logical record may be mute in its hard evidence of innovative
behavior. Take for example the ingenious ostrich trap made
by traditional San hunters, which comprises about six mini-
mally modified short sticks and a rope made from plant
fibers. If preserved in a MSA deposit, the chances of identi-
fying the items as a trap, and as part of one implement, are
highly unlikely, and assigning an advanced level of cogni-
tion to the maker extremely low. The Paleolithic bone tool
record shows that hominin technological evolution advanced
in a nonlinear manner, and that from the outset bone tools
exhibit signs of innovation, manifest as implements intention-
ally modified through knapping and grinding. The identification
of a discontinuous pattern, with innovations appearing and
disappearing, or being associated in a way that does not
match the expected trend, supports the view that bone and
complex lithic technology do not necessarily represent
reliable hallmarks of “modern behavior” and cannot be
attributed an unequivocal evolutionary significance. The dis-
continuous pattern shows that what we perceive today as
modern behavior is the result of nonlinear trajectories, which
may be better understood when documented at a regional
scale (Hovers and Belfer-Cohen 2006; Hovers 2009; d’Errico
and Stringer 2011; Shea 2011; d’Errico et al. 2012b; Villa
et al. 2012).

The small number of post-200 ka sites that have been
properly excavated in Africa, or dated using recent standards,
together with a lack of coherence in hominin taxonomic
attribution and regional palaeoenvironmental records, make
it difficult to establish whether sampling bias, erosion and
destructive taphonomic processes, discontinuity in cultural
transmission, or the behavior of different hominin taxa
account for the variability that characterizes MSA assem-
blages, the irregular manner in which they occur, and what
appears to be the emergence of modern human behavior on
the southern tip of the continent.

At this juncture we would argue that attempts at identify-
ing the origin of behavioral modernity are premature and
inherently biased, purely because current data derived from
inland open air and coastal or near-coastal cave contexts are
not really comparable. Cave sites have been preferentially
studied over open air sites, which suffer the effects of
erosion and a range of destructive taphonomic processes,
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presenting problems with dating, association and represen-
tation. Unlike open air sites that generally served a specific
short-lived subsistence-related function, cave sites may pre-
serve a range of cultural manifestations of different aspects
of daily life over a significant period of time. Apart from
symbolic items that may have been lost, one would not
expect to find evidence of symbolic behavior in the context
of a carcass processing site, just as one would not expect the
distribution of MSA sites to fall within the borders of mod-
ern geopolitical divisions. Very few MSA sites in caves or
rock shelters are recorded for Namibia and Botswana (Lane
et al. 1998), but we know from field work that the landscape
north of South Africa is littered with in situ MSA artefact
knapping sites.

Of the few rock shelter sites studied, Apollo 11 in Namibia
has yielded the oldest art mobilier, and White Paintings
Rock Shelter in Botswana has recently yielded ancient bone
arrow points, OSL dated from their association with sedi-
ments to between 37 and 35 ka (Robbins et al. 2012). Good
examples of innovative material culture are recorded at five
inland sites in southern Africa, namely fire at Wonderwerk
(Berna et al. 2012), art mobilier at Apollo 11 (Wendt 1976),
compound adhesives at Sibudu (Wadley et al. 2009), and
ostrich eggshell beads at Cave of Hearths (Mason 1993) and
Bushman Rock Shelter (Plug 1982), so we know that com-
plex human cognition was widespread.

In order to explain the discontinuous pattern in hominin
technological evolution, and the trans-species phenomenon
of bone tool utilization in prehistory, we need to evoke
social, demographic, and climatic factors, and their potential
impact on similar innovations among geographically dis-
persed populations in Africa and Eurasia. Until such time
that more MSA sites in the interior are excavated and prop-
erly dated, the deficiency in data available on inland MSA
populations will continue to hinder meaningful comparison
between the cultural technology and cognitive abilities of
contemporaneous coastal or near-coastal dwellers, and bias
attempts at identifying the geographic or taxonomic origin(s)
of innovative behavior and complex modern human cogni-
tion. Based on the archaeological evidence at hand, and in
particular the variability in technology, size and function
that characterizes the handful of bone tools found at MSA
sites, in our view it is likely that osseous projectile technol-
ogy emerged and evolved more than once in human evolu-
tion, as an adaptation to local environments, rather than as
the outcome of a protracted process in which bone tool tech-
nology advanced in step with the development of complex
cognition. We see the need to consider each instance of bone
use as an independent cultural adaptation to environmental
conditions. This view seeks to provide best-fit explanations
for the role of a bone technology within a specific subsis-
tence strategy, and does not assume gradual patterns of evo-
lution in technology.
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Chapter 3

Bone Point Functional Diversity: A Cautionary Tale

from Southern Africa

Justin Bradfield

Abstract In this chapter I present the results of a use-trace
study conducted on 357 pointed bone tools from terminal
Pleistocene and Holocene assemblages in southern Africa.
All the bone points considered here conform to the morpho-
logical criteria of projectile arrow heads, as defined by anal-
ogy to historic Bushman arrows. Use-wear and residue traces
consistent with wood-working and hide processing reveal
that not all bone points functioned as projectile armatures in
the past. Functional diversity is evident only during the last
6000 years. Bone points from the Pleistocene are routinely
subject to rigorous use-wear analyses to establish their func-
tion, yet it is often taken for granted that similar tools found
in the more recent Holocene were used as projectile tips.
This paper cautions against the specious imputation to pro-
jectile technology of all bone points based solely on morpho-
metric criteria.

Keywords Artefact function ® Arrow points ® Microscopy ®
Use-traces

Introduction

In southern Africa, as in the rest of the world, Stone Age
societies are understood largely in terms of their technology.
The ways in which we frame our research and understanding
of these past societies are based almost exclusively on stone
tools and ceramics, yet these materials represent only a small
portion of traditional hunter-gatherer paraphernalia and do
not necessarily reflect the complexity of cultural adaptation
and technological achievements of past societies (Hayden
1979; Binford 1981; O’Connor et al. 2014). Studying com-
ponents of past technological systems in isolation risks
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creating a distorted image of the pasts of past societies
(Hayden 1979; van Gijn 2007).

Although osseous technology may have been a significant
aspect of past societies, it constitutes a comparatively minor
component of the archaeological record. Bone is dependent
for its survivability on a host of factors (Berner 1971; Olsen
2007; Choyke and Dar6czi-Szabé 2010), which means that
the archaeological record of bone-tool use will be inevitably
incomplete and skewed in favor of those few sites and
regions that are best suited for organic preservation. Bone
can survive for great lengths of time in suitable environ-
ments. For example, they have been found in ~1.5 Ma depos-
its associated with Australopithecus and Paranthropus
remains (Backwell and d’Errico 2001, 2008) and in a few
Middle Stone Age (c. 300-20 ka) sites in southern Africa,
where some examples are thought to represent, together with
small stone segments, early evidence for the use of mechani-
cally projected weapon systems like the bow and arrow
(d’Errico and Henshilwood 2007; Backwell et al. 2008;
Lombard and Phillipson 2010; Bradfield and Lombard 2011;
Lombard 2011). But it is not until the Holocene that pointed
bone tools occur with any degree of regularity in this region.
The extent to which this record is a reflection of taphonomy
or technological choice is still poorly understood.

In this chapter, I examine the class of bone artifacts known
simply as ‘bone points’. Bone points are often assumed to be
projectile weapon tips based on morphological analogy
with recent San/Bushman arrows (e.g., Schweitzer 1979;
Bradfield 2014). However, as studies in other parts of the
world have shown, a high degree of functional variability
may be seen within morphological tool classes (e.g., Chomko
1975; Becker 2001; St-Pierre 2007). Attributing projectile
function based solely on the shape of an object is a mislead-
ing practice and can have adverse implications for our under-
standing of past techno-cultural variability. Here I present
the results of a use-trace study on a collection of 357 pointed
bone artifacts from eight southern African archaeological
sites spanning the last 18,000 years. Morphological residue
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Fig. 3.1 Map of southern Africa showing archaeological sites referred
to in the text. Starred sites represent Pleistocene assemblages while
dots represent Holocene assemblages. BBC—Blombos Cave;
BC—Border Cave; DKB-—Dikbosch; DR—Driel;, HM—Ha

analysis, use-wear, and macrofracture analysis were conducted
on bone tools that meet the morphological criteria of arrow
points in the southern African typological system (Bradfield
2014). In particular, the variable functions within the bone
point tool class from two terminal Pleistocene sites and nine
Holocene sites are outlined and discussed (Fig. 3.1).

Background

The Pleistocene of southern Africa is a period from which few
bone tools survive (Fig. 3.2). The earliest manifestation of
purported bone projectile components in southern Africa
comes from Sibudu Cave, where a number of specialized bone
tools have been recovered and a local tradition of bone tool
manufacture identified from ~61 to 72 ka levels (Backwell
et al. 2008; d’Errico et al. 2012a; Backwell and d’Errico
2016). After the Howieson’s Poort industry (~66-58 ka), there
appears to have been a hiatus of nearly 40 kyr in bone tool
manufacture, during which time bone may have been substi-
tuted for more perishable materials like wood (sensu
O’Connor et al. 2014). Thus far bone points have been found
at only two sites in southern Africa dating to this period,
namely, White Paintings Shelter and Border Cave (Fig. 3.1).
At both sites decoration on the points has been interpreted as
indicating the antiquity of recent hunter-gatherer material

Indian Ocean

N

&

0 800 km

Makotoko; KC—Kruger Cave; LIK —Likoaeng; NK—Nkupe; OLI—
Oliboomspoort; SEH—Sehonghong; SIB—Sibudu; UNI—Uniondale;
WPS —White Paintings Shelter

culture and hunting-ritual practices akin to those documented
in the 1960s (d’Errico et al. 2012b; Robbins et al. 2012). The
dimensions of these bone points, which are in keeping with
the range of historic and ethnographic examples, are cited as
additional evidence that the points must have been intended
to be reversible and poisoned, and therefore represent the
same social organization, world view, and symbolic systems
as ethnographically documented hunter-gatherers in the
Kalahari (Robbins et al. 2012; also see Plug 2012).

At a number of terminal Pleistocene sites in southern
Africa, stone bladelet-based assemblages have been inter-
preted as signaling the use of composite tools with multiple
lithic insets hafted around a bone or wood shaft (Clark 1977;
Lombard and Parsons 2008). Several hafting configurations
have been suggested based on ethnographic arrow collec-
tions housed in various museums (Lombard and Parsons
2008), although only a transversally hafted example has
been recovered from an archaeological context (Fig. 3.3;
Binneman 1994). Bone points occur infrequently during the
terminal Pleistocene, although they are present at a number
of sites (Bradfield 2014) where they invariably have been
interpreted as arrow points (e.g., Humphreys and Thackeray
1983; Mitchell 1995). It is not until 12 ka, however, that
bone tools occur more regularly in archaeological deposits
(Deacon and Deacon 1999; Mitchell 2002).

The terminal Pleistocene/Holocene boundary in southern
Africa is marked by a number of environmental and techno-
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Fig.3.2 Timeline showing chronology of southern African Later Stone
Age technocomplexes according to Lombard et al. (2012).
Abbreviations: ELSA =early Later Stone Age; FLSA =final Later Stone
Age; CFLSA =ceramic final Later Stone Age

logical changes. The period after 12 ka saw a steady shift
from open grassland habitats to more mesic environments in
much of the sub-continent (Deacon 1978). This shift was
paralleled by a concomitant focus on more predictable sub-
sistence resources such as geophytes, shellfish and tortoises,
and by the replacement of large gregarious grazers with
smaller non-gregarious species (Deacon 1976; Mazel 1989;
Mitchell 2002). At most archaeological sites dating to this
period there is a decrease in frequency of backed microliths
and an increase in frequency of stone scrapers (Deacon 1976;
Mazel 1989; Mitchell 2002). This change is thought to reflect
a technological shift from lithic-based multi-barbed spears to
arrows tipped with bone points (Wadley 1987). This evi-
dence is supported by an accompanying change in stone flak-
ing technique, raw material preference and an increase in the

Fig. 3.3 Reproduction of four types of southern African Bushman
arrows employing a bone component (after Bradfield 2015a). (a)
Reversible bone point with link-shaft; (b) tanged bone arrowhead; (c,
d) stone segment mounted on the end of a bone point (sensu Goodwin
1945); (e) hypothetical reconstruction of bone arrowhead with stone
insets mounted down the side (after Lombard and Parsons 2008)

size of untrimmed flakes and scrapers (Klein 1972; Deacon
1984; Inskeep 1987; Mitchell 1988). This technological
change probably was precipitated by a shift in environmental
conditions 2—4 ka earlier, which resulted in the disappear-
ance of grassland, a rise in sea level and consequently
the extinction of certain mega-faunal species (Klein 1972;
Deacon 1984). Whether for taphonomic or subsistence rea-
sons, this period is also marked by increased visibility of
bone points in the archaeological record (Mitchell 2000,
2002). The decrease in microliths associated with increased
frequencies of bone points suggests a reliance on simple
bone point technology, without the addition of stone inserts.

During the historic period a number of arrow types
employing a bone component were observed among the
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Bushmen, some of which are reproduced here (Fig. 3.3;
Bradfield 2015a). Lichtenstein (1930 [1812]) observed that
different arrows were used by Bushmen for different pur-
poses, while a Bushman informant once told ethno-linguist
Lucy Lloyd that certain arrows were used to hunt specific
game (Goodwin 1945:439). Different arrows could also
indicate different hunting techniques (Deacon 1976) or
cross-cultural relationships (Clark 1977). The most common
Bushman arrow type is that which is tipped by a simple bone
point (Fig. 3.3; Goodwin 1945; Bradfield 2015a), and it is
this arrow type that is generally thought to be represented by
the bone points in the archaeological record.

Equating Form with Function

The term ‘bone point’ is a morpho-functional category that
has come to assume a degree of notoriety in functional studies,
as it can veil all manner of pointed bone tools (Bradfield
2015b). While the definition of the bone point was based
on morphology, the ascribed function was, at best, based on
historical eye-witness descriptions (e.g., Sparrman 1977
[1786]), and at worst, simply on intuition, because “direct evi-
dence for function is lacking” (see Schweitzer 1979:139). In
southern African archaeology it is conventional to refer to
bone tools by assumed functional names, which include terms
such as awls, link-shafts, arrows, needles and spears (e.g.,
Goodwin and Van Riet Lowe 1929; Deacon and Deacon 1999;
Mitchell 2002). The probable functions of the various pointed
bone artifacts are based primarily on analogy with ethno-
graphic tools of similar morphology. Equating form with
function can be misleading, however, as it denies the possibil-
ity of multiple or alternative uses and ignores the morphologi-
cal variability within particular tool classes (St-Pierre 2007).
In particular, how we lump bone points into morpho-
functional categories is an inherent problem. Bone points have
an air of uniformity all over the world (LeMoine 2001) and,
while only a limited amount of variability is possible while
still allowing for optimal functionality (Knecht 1997), such
variation is equally likely to reflect social choices (Guthrie
1983; LeMoine 2001). Through use-trace analyses we see that
bone points, usually assumed to be components of arrows, can
encompass a large variety of quite different implements and
comprise a broad variety of shapes (Becker 2001). A similar
conclusion has been reached for ‘awls’, one of the most
ambiguous categories among archaeological bone tools
(Legrand and Sidéra 2007; Olsen 2007). Chomko’s (1975)
study revealed that awls within a single morphological type
occasionally displayed evidence of divergent uses, while awls
of different morphological types displayed evidence of similar
uses. In South Africa, the curvature of some worked bone
pieces that would otherwise fall into the same typological cat-

egory defined by Goodwin and Van Riet Lowe (1929) as ‘bone
points’ [read arrow points], may indicate a different function,
as the curvature would negate their use as effective compo-
nents of projectile weapons (Smith and Poggenpoel 1988).

There is always risk involved when applying ethnographic
analogues to interpret archaeological finds, with the unin-
tended result being the depiction and treatment of prehistory
as linear and unchanging. Ethnographic observations should
inform rather than dictate interpretation, as southern African
rock art has shown. The depictions of large bows and fletched
arrows, not seen by ethnographers or early travelers, may
indicate their existence in southern Africa in the pre-
colonial past (Manhire et al. 1985). The remainder of this
chapter looks at changes and continuities in bone point tech-
nology in southern Africa from the terminal Pleistocene to
the Holocene through the lens of use-trace analyses.

Methods

Modern interpretations of ancient bone tool functions rely on
microscopic analysis, experimentation and ethnographic
analogy (Olsen 2007; Bradfield 2015¢; Evora 2015). The
most reliable means of assessing the past function/s of tools
is through use-trace analyses, which can shed light on past
activities for which no direct evidence remains (e.g., hide
working, basketry and weaving; Stone 2013). Bone surface
modification constitutes a crucial line of evidence for inves-
tigating issues as diverse as site formation, taphonomic
processes and ritual behaviors (Cook 1986; Fisher 1995;
Russell 2001; Choyke and Daréczi-Szabé 2010). Here 1
briefly present the methods I used to analyze the bone tools.

All manufacturing and use-related traces were recorded
using a Celestron® handheld digital microscope (model
#44302-A) at 10x-50x and 100x—150x magnification. In
some cases the specimens were further analyzed using an
Olympus binocular light microscope (model #SZX16)
with magnifications of between 10x and 110x. Polish was
recorded and described in terms of its luster, extent, orienta-
tion and placement in relation to other traces. In most
instances (but not all), polish develops along a linear spec-
trum—the more intense the polish the longer the duration of
use and vice versa. Next, the use-related striations were
recorded and described. Following the rule of superimposi-
tion, striations overlying polish or other striations were inter-
preted as use-related. The direction, orientation and shape of
striations may all yield information about the probable func-
tion of a particular pointed bone tool.

Ancient micro-residues as well as modern contaminants
were identified in the first instance using the Celestron®
microscope. The residues were photographed and their
placement and orientation on the tools were recorded. Where
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it was felt that the residue/substance required further investi-
gation, the residue was lifted using a cellulose-based adhe-
sive peel and analyzed under laboratory conditions using
an Olympus BX51M light microscope with polarizing and
cross-polarizing capabilities and using Bright- and Dark-
Field illumination. Magnifications ranged from 50x to 500x,
although, typically, 200x proved sufficient for most residue
interpretations. Residues were interpreted based on their
morphological traits (see Lombard and Wadley 2007;
Hogberg et al. 2009; Bradfield 2015b).

Often the clearest and most obvious traces found on bone
tools result from manufacture rather than use. Two types of
manufacturing techniques were identified on the southern
African sample examined: (1) scraping parallel to the long
axis, and (2) abrasive grinding diagonal to the long axis of
the bone. At most sites both techniques appear to have been
used, although there is a tendency for older bone points to
favor longitudinal scraping rather than coarse abrasive diag-
onal grinding—but this is not true for all sites. The orienta-
tion of the striations, I suggest, is an indicator of the
dextrality of the maker (Bradfield 2015b, submitted). Use-
wear and residue indicators support diagnostic impact frac-
ture results in 80 % of cases.

Use-Trace Indicators of Bone Point
Functional Diversity

Use-wear consisted primarily of polish and striations, although
other features such as pitting and general surface topography
were also considered. On the vast majority of specimens
examined, use-wear features were fairly uninformative,
meaning that they were insufficiently developed to isolate a
specific activity. Poorly formed, indistinct use-wear is never-
theless consistent with hunting. Use-wear becomes diagnostic
only after prolonged, fricative contact—unlikely to be occa-
sioned through hunting (LeMoine 1994; Buc and Loponte
2007). However, a few bone points from the Holocene depos-
its at six archaeological sites displayed signs of use-wear that
were diagnostic of hide working (n=4) and wood working
(n=11; Bradfield 2014; 2015b). These activities were inferred
based on the presence of characteristic use-wear and residues
(see LeMoine 1994; Francis 2002; Lombard 2008). Figure 3.4
presents examples of these features. Because of the length of
time needed for distinctive use-wear to accrue, we can be
sure that these traces did not occur through incidental con-
tact during hunting. Use-wear and residue indicators support
diagnostic impact fracture results in 80 % of cases.

Possible hafting residues, in the form of gum, resin and
woody parenchyma cells, were found only on bone tools
younger than 4 ka. Use-wear evidence suggestive of wood-
working is present during the same period. Animal and plant

residues are rare in the Robberg and Oakhurst technocom-
plexes, but are prevalent on bone tools during the last 6 ka.
Rodent hairs were recovered embedded in possible poison
residues from two bone points, perhaps supporting faunal data
that indicate a more pronounced subsistence focus on smaller
animals during the Holocene compared with that of the termi-
nal Pleistocene. Putative poison residues were identified
based on their consistency and placement, and were present
on tools from the mid-to late-Wilton technocomplex onwards.
It is still uncertain to what extent this pattern is a reflection of
taphonomic conditions. The concomitant increase in tool
width during this period, however, unaffected by taphonomy,
would seem to argue in favor of their integrity.

Apart from residues and use-wear, a number of other fea-
tures were noted on the bone tools from the later Holocene
assemblages that are conspicuous by their absence on the
Pleistocene bone tools. Evidence of deliberate snapping of
the distal ends of bone points and the presence of circumfer-
ential chipping around the break facet may indicate the
attachment of an additional element, such as a metal collar,
similar to those seen among historic arrow collections
(Bradfield 2015a). In addition, there is evidence that some of
the pieces from the Holocene levels were reused after they
broke —also absent in Pleistocene levels.

Conclusion

Although I have focused here on formally fashioned bone
tools, prehistoric osseous technology was not necessarily
limited to these ‘formal’ tools. Informal stone and bone
flakes are just as likely to have been used as formally
retouched tools (see Stow 1905; Plug 2012). Having said
this, at Sibudu various specialized tool types have been iden-
tified in Pleistocene contexts, some of which appear to have
Holocene counterparts and which appear to have been used
in a variety of tasks and on different materials (d’Errico et al.
2012a). The intermittent nature of these artifacts does not
necessarily mean that the technology was lost or abandoned;
bone could be substituted for more perishable materials such
as wood (see O’Connor et al. 2014). As an arrow armature,
wood is just as effective at penetrating animal skin as bone or
stone (Waguespack et al. 2009). Indeed, wooden arrows
have been recovered from mid-Holocene deposits (Manhire
1993), and are present in the twentieth-century Fourie col-
lection, housed in Museum Africa. It has been said, with
reference to bone technology in southern Africa, that
the similarity of bone points through time could signal the
antiquity of certain behaviors or practices (Plug 2012).
Indeed, bone technology present at Border Cave at roughly
40 ka, has been interpreted as indicating the early emergence
of quintessential Bushman culture (d’Errico et al. 2012b).
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Fig. 3.4 Examples of use-trace indicators discussed in the text. (a)
Diagonal grinding striations on 6480 IC2 from Dikbosch; (b) longitudi-
nal scraping striations on SF105 from Likoaeng; (c) chattermarks on
1886.1.498.2 from the Dunn collection housed at the Pitt Rivers
Museum; (d) hide-working use-wear on KC313 from Kruger Cave; (e)
hide-working use-wear on SF598SA from Sehonghong (f) hide-working

use-wear on KC865 from Kruger Cave; (g, h) wood-working use-wear
on KC2688 from Kruger Cave (i) wood-working use-wear on R11
WA3A from Nkupe; (j) rodent hair strand on 2829DB34 from Likoaeng;
(k) woody parenchyma tissue on SFO95DC from Sehonghong; (1) blood
residue on SFOSSGWA from Sehonghong. Scale bars represent 1 mm
unless otherwise specified
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A similar picture is emerging at White Paintings Shelter,
where decoration on bone points has been imputed to the
antiquity of Bushman hunting practices (Robbins et al.
2012), and by extension, Bushman culture. I am skeptical
about this point, as decorations can mean different things to
different people at different times. The presented argument
assumes that decorations were applied to arrows for the same
reasons over extensive periods, However, just as cultures
are constantly changing and evolving into new forms, so too
might different cultures have existed in the past (Barnard
1992). Decorations on bone arrow components do not neces-
sarily indicate marks of ownership, nor do they imply !Kung-
like meat distribution practices (sensu Marshall 1976; Lee
1979). Nor does the similarity in tool form necessarily sug-
gest cultural continuity (see Hodder and Hutson 2003). The
uniformity of bone tools, both in finished form and manufac-
turing technique, is not unique to southern Africa. Bone is
optimally shaped using the groove-and-splinter technique,
followed by grinding against an abrasive surface—this
technique being utilized almost universally (e.g., Clark and
Thompson 1953; Semenov 1964; Newcomer 1974; Morrison
1986; Smith and Poggenpoel 1988; Knecht 1997; Choyke
and Bartosiewicz 2001; St-Pierre 2007; Legrand-Pineau
et al. 2010; Rabett and Piper 2012a, b). While cortical bone
can be flaked similarly to stone, it is ill-suited to produce a
sharp edge (Johnson 1985; Fisher 1995), and so a pointed
shape is the most logical outcome for a bone-tipped hunting
weapon. In other words, there is a limited amount of vari-
ability in bone tool shape if penetrative function is to be
maintained (Knecht 1997).

A more profitable line of investigation for bone tool tech-
nology is determining the uses to which individual bone
tools were put. The results of this use-trace study of 357
bone points revealed a wider range of functions for pointed
bone artifacts morphologically akin to arrow points. Evi-
dence of wood or plant working, as well as prolonged hide
working, was evident on some specimens, albeit the vast
minority, that would otherwise have been interpreted as
hunting weapons if only morphology had been considered
(Bradfield 2015b). These specimens all came from the
Holocene assemblages. Unsurprisingly, the majority of spec-
imens conform to hunting related use-wear/residues,
although most of the micro-wear features are from manufac-
ture. No use-trace features such as invasive polish or devel-
oped striations that would contra-indicating hunting were
found on the Oakhurst and Robberg samples. Thus it appears
that bone points were more functionally versatile during the
last 2 ka than previously thought.

There does not appear to be a marked ‘innovative
technological production’ or clear linear evolution of bone
point design and manufacture in response to known environ-
mental or demographic fluctuations or concomitant with
changing lithic technocomplexes (sensu Bousman 2005).
Bone points in southern Africa start displaying variability

only during the last 6 ka while manufacturing techniques
remain much the same for the 18 ka covered in my study
(Bradfield 2014). The most noticeable changes occur during
the Wilton and after the widespread adoption of metal as a
component of the arrows during the ceramic final Later
Stone Age (also see Deacon 1992). In other words, changes
in bone points seem to occur during rather than at the bound-
aries of lithic technocomplexes.

It is generally recognized that organic technology played
a major role in hunter-gatherer societies from early on (see
Hayden 1979; Binford 1981; St-Pierre and Walker 2007,
d’Errico et al. 2012a). Bone tools, especially completely
ground and polished bone points, are highly curated arti-
facts, taking much longer to make than stone tools (Knecht
1997), suggesting that they may have had a value, either
intrinsic or symbolic, to the people who made and owned
them (sensu Hurcombe 2007). My own work, conducted pri-
marily on Holocene assemblages, has shown that not all
bone points functioned as projectile armatures (Bradfield
2014; 2015b). While more and more evidence is emerging
that bow hunting was established very early on in southern
Africa (e.g., Lombard and Phillipson 2010; Lombard 2011;
d’Errico et al. 2012b; Robbins et al. 2012), we must be care-
ful not to impute too much based solely on morphological
similarity or the simple presence of decorations. In so doing,
we risk missing the interesting range of variation in bone
point function.

Bone and other organic artifacts, however, will always
remain under-represented in the archaeological record and
our understanding of the diversity of bone tools will remain
meager until such time as they receive the same attention as
stone tools. Use-wear and residue studies have enormous
potential for understanding the diversity of past functions of
bone artifacts, but are seldom included in analyses. Similar
to the lithic component of archaeological sites, bone tools
deserve closer scrutiny. It is to be hoped that the papers in
this volume go some way towards achieving this aim.
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Chapter 4

Early Upper Paleolithic Osseous Points from Croatia

Ivor Karavanic

Abstract This chapter discusses Croatian sites that contain
early Upper Paleolithic osseous points and alternative inter-
pretations of this evidence. At Vindija and Velika pecina,
sites in the region of Hrvatsko zagorje (northwestern
Croatia), split base and massive base (Mlade€) osseous
points were found in early Upper Paleolithic contexts associ-
ated with a very limited number of lithic finds. The unusual
association of Neanderthal remains with Upper Palaeolithic
osseous points in Vindija level G1 has been explained either
as a result of stratigraphic mixing, or as a true cultural assem-
blage. Further south at Bukovac pecina, in the region of
Gorski kotar, another point was found. The base of this point
is missing, but it was probably massive in section. A small
split-base point, similar to the points found in Franco-
Cantabrian Magdalenian contexts, was found at Sandalja II
on the Istrian peninsula. Osseous points from all of these
sites mark the first appearance of osseous technology in the
different regions of Croatia.

Keywords Neanderthals ¢ Early Modern Humans  Mlade¢
point ¢ Split-base point ® Middle Paleolithic

Introduction

The sites of Croatia are known worldwide in prehistoric
archaeology owing to their important finds of Paleolithic
industries and/or fossil human remains. Vindija and Velika
pedina, situated in northwestern (continental) Croatia
(Fig. 4.1), contain both Middle and Upper Paleolithic strati-
graphic units which play an important role in the debate on
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the Middle/Upper Paleolithic transition. At both of these
sites, early Upper Paleolithic osseous points were found and
these artefacts have become central to the cultural develop-
ment discourse. An Upper Paleolithic osseous point was also
found at Bukovac pedina, situated further south in the region
of Gorski kotar (Fig. 4.1). In contrast to the situation in
northwestern Croatia, not a single site from the Eastern
Adriatic region contains a stratigraphic sequence that
includes both Middle and Upper Paleolithic levels, although
there are sites with either late Mousterian or Aurignacian
finds. The only site from the eastern Adriatic region contain-
ing a bone point found in an early Upper Paleolithic context
is Sandalja II, situated on the Istrian peninsula (southwestern
Croatia, Fig. 4.1). The problems concerning chronology and
function of these points, industrial affiliation and association
with fossil human remains (Vindija) are presented and dis-
cussed in this chapter. Comparison with other sites from
Slovenia and abroad is also presented.

Sites
Vindija

Site Location and History of Excavations

Vindija cave is situated in Hrvatsko zagorje (northwestern
Croatia), 2 km west of the village of Donja Voc¢a, and 20 km
west of the center of VaraZdin (Fig. 4.1). Its entrance lies in
a narrow gorge on the southwestern slope of KriZnjakov vrh,
275 m above sea level. The cave is more than 50 m deep, up
to 28 m wide, and more than 10 m high (Fig. 4.2). Vukovié
(1950), who visited the site in 1928, excavated the cave for
more than 30 years. Malez (1975) started systematic excava-
tions at Vindija in 1974, and he directed excavations until
1986. During this later period, most of the Paleolithic archae-
ological finds and all of the fossil human remains were
collected.
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Fig.4.1 Location of Croatian
sites mentioned in the text
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Stratigraphy, Chronology, and Hominins

The stratigraphic profile is approximately 9 m high and com-
prises about 20 strata, which, according to Malez and
Rukavina (1979), cover the period from the onset of the Riss
glaciation (oxygen isotope stage 6 or earlier) through to the
Holocene.

The G complex, comprising five stratigraphic levels,
numbered G1 (top) through G5, produced the Neanderthal
skeletal remains from the site. Level G3 contained approxi-
mately 100 fragmentary Neanderthal skeletal remains asso-
ciated with a late Mousterian industry. Neanderthal remains
from level G3 show distinct changes in facial morphology
when compared to earlier Neanderthals (see Wolpoff et al.
1981; Smith 1984; Wolpoff 1999). These remains were dated
to over 42 ka by radiocarbon AMS (Krings et al. 2000) and 4
years later to about 38 ka by the same method (Serre et al.
2004). There is also another AMS radiocarbon determination
on a Neanderthal bone from unit G (level unknown) that
yielded results of about 44 ka (Green et al. 2010; for

additional dates see Wild et al. 2001; Ahern et al. 2004:
Table 1). A series of human skeletal remains was also recov-
ered from level GI1, and diagnostic morphology of these
specimens identifies the remains as Neanderthal (Smith and
Ahern 1994; Smith et al. 1999). Several different radiocar-
bon dates on bone samples from this level have been obtained
(see Ahern et al. 2004: Table 1). The most important are the
direct dates from the Neanderthal skeletal remains. These
bones were first dated to 28 and 29 ka, respectively (Smith
et al. 1999). The same samples were re-dated, using a more
accurate technique, to about 33 ka (Higham et al. 2006),
which corresponds well with one of the previous dates
obtained on animal bone (Karavani¢ 1995). Results from
stable isotope analysis show that Vindija G1 Neanderthals
were top-level carnivores, obtaining almost all of their
dietary protein from animal sources (Richards et al. 2000;
Karavani¢ and Patou-Mathis 2009). In this aspect, the
Vindija people are similar to Neanderthal populations in
Western Europe (Bocherens and Drucker 2006).
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Fig.4.2 View from inside Vindija Cave. Photo I. Karavani¢

Radiocarbon dating of cave bear bones found in level
Fd/d yielded an age of about 26 ka BP (Obeli¢ et al. 1994),
while radiocarbon dating of a sample of charcoal found
between levels Fd and Fd/d (Malez and Rukavina 1979) or in
the level F/d (Malez 1988) yielded an age of about 27 ka.
Three isolated undiagnostic hominin teeth were found in
level Fd, while a posterior fragment of left parietal originated
from the contact of Aurignacian levels Fd and Fd/d (Smith
et al. 1985). Radiocarbon dating of cave bear bones from
level E produce an age of about 18 ka (Karavani¢ 1995),
while direct dating of human remains from level D produced
an Holocene age (M. Richards, personal communication).

Lithic Industries

In the lower Mousterian levels, tools were found which were
produced from local raw materials (Kurtanjek and Marci
1990; Blaser et al. 2002) using the Levallois technique. In
contrast, the Levallois technique was not employed in Level
G3, where local raw materials (chert, quartz, tuff, etc.) were

also utilized. The Late Mousterian industry from the level
G3 is dominated by side scrapers, notched pieces and
denticulates, but also includes some Upper Paleolithic types
(e.g., end scrapers). In addition to flake technology, Level G3
also includes evidence of bifacial and blade technology
(Karavani¢ and Smith 1998). As in Level G3, the mixture of
Middle and Upper Paleolithic typological characteristics is
also present in the stone tool assemblage from Level GlI,
where osseous points and Neanderthal remains were found.
Although this level includes a lithic industry of poor quality,
the finds suggest a continuation of the Mousterian techno-
logical and typological tradition (excluding the Levallois
technique); osseous tools from the same level are typical of
the Upper Paleolithic. Although an unusual association of
Neanderthal remains and Upper Paleolithic osseous points in
Level G1 can be explained as a result of stratigraphic mixing
(Zilhao and d’Errico 1999; Bruner 2009; Zilhdao 2009), it
may also represent an original cultural assemblage
(Karavani¢ and Smith 1998, 2000, 2011). This problem will
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be discussed later in more detail. A small number of typical
Aurignacian stone tool types was found in lower complex F
and in the G/F interface. The small archaeological assem-
blages from these stratigraphic units and level G1 may sug-
gest very short occupations by mobile groups of Paleolithic
hunters. Industry from later levels of complex F and level E
may represent the Epigravettian.

Osseous Industry

The typology of the osseous tools from Vindija were pub-
lished more than 20 years ago (Malez 1988; Karavani¢ 1994).
More recent analyses of these artefacts were primarily based
on taphonomy and the characteristics of the raw material, and
secondarily on technology (Karavani¢ and Patou-Mathis
2009). These tools, recovered from level G1, are typical of
the early Upper Paleolithic, particularly the split-base point,
as well as two massive-base points (“Mlade¢ points”) and
massive base point fragments (Fig. 4.3). The distal parts are
missing on both split-base (Fig. 4.3, no. 1) and massive base
points (Fig. 4.3, no. 3), while the tip is missing on another
massive base point with this specimen also having a damaged
base (Fig. 4.3, no. 2). There are also several osseous tool
fragments including a basal section (Fig. 4.3, no. 4). These
fragments and basal section are made on antler as well as one
point (Fig. 4.3, no. 3) while other points are made on bone
(S. Radovi¢, personal communication).

A bear baculum with engraved circumferential markings,
and a so-called “bone button” are designated as deriving
from this level. The latter is produced by cave bear activity
while markings on the former object (Karavani¢ and Smith
1998) could also be a result of natural processes and not
human activity (Karavani¢ and Patou-Mathis 2009). Further-
more, new analyses (Karavani¢ and Patou-Mathis 2009)
show that some “retouchers” from complex G (Karavanic¢
and Sokec 2003; Ahern et al. 2004) are in fact pseudo-tools.
Marks on some of those artifacts are supposed to be of recent
age, as the incisions contain no traces of patina. Although the
bear baculum has been attributed to level G1 (Malez 1988),
a note associated with this specimen suggests that it may in
reality have come from the upper part of G3, which would
make it even older (Karavani¢ and Smith 1998).

A bone awl and several “bone buttons” (products of ani-
mal activity) are marked with “F” only. The F complex was
subsequently divided into several levels marked Fd/d, Fd,
Fd/s, Fs and Fg (top). As in level G1, points with a massive
base are also present in Fd/d+Gl1 interface (Fig. 4.3, nos. 5
and 6), level Fd/d (Fig. 4.3, nos. 7 and 8) and E/F interface.
Massive base fragments were also found in level F/s together
with distal (Fig. 4.3, no. 9) and mesial fragments. Some of
these points (Fig. 4.3, nos. 7 and 9) are probable made on
antler as well as some fragments. Sagaie fragments are pres-
ent in upper levels (see Malez 1988; Karavani¢ 1994, 1995).

Velika Pecina

Site Location and History of Excavations

Velika pecina, another important Paleolithic site in north-
western Croatia, is situated between the sites of Krapina and
Vindija, near the village of Goranec on Ravna Gora (Fig. 4.1).
The cave is 25 m deep. Excavations were conducted initially
by M. Malez in 1948, with subsequent excavations begun in
1957 and, with some interruptions, lasting until 1979.

Stratigraphy, Chronology and Hominins

Stratigraphy at this site consists of 16 defined levels, which
are in some parts of the cave over 10 m deep, ranging from
the end of the Riss glaciation (oxygen isotope stage 6 or ear-
lier) through to the Holocene (Malez 1979). Radiocarbon
dating of the sample from level i yielded an age of about
34 ka (Malez and Vogel 1970).

The human frontal bone from Velika pecina Level j, gen-
erally considered one of the earliest finds of early modern
Europeans, has been directly dated by AMS radiocarbon to
ca. 5 ka (Smith et al. 1999). This result removes the frontal
bone from the list of finds of the early Modern Human record
in Europe.

Lithic Industries

The lower levels (levels p to k) yielded a Mousterian industry
(Malez 1979), though Malez (1967:28) attributed the arti-
facts from the lower part of Level k to the Mousterian and
those from the upper part tentatively to the proto-Aurignacian
or to the Mousterian. Reanalysis of the artifacts from Level k
did not provide any convincing reason to recognize two dif-
ferent industries. Revision of lithics from this site show that
the lower part of Level k probably does belong to the
Mousterian (as well as the finds from lower levels), while the
upper part may contain only pseudo-tools (Karavani¢ and
Smith 1998). All tools are small and similar to the so-called
Micromousterian. Only one stone tool originates from level j,
a blade with retouched edges and a notch. Seven stone tools
and one bladelet core were found in level i. While these tools
include some Upper Paleolithic types, Middle Paleolithic
types (three side scrapers) are also represented (Karavanié
and Smith 1998). The osseous points from this same level
strongly suggest an early Upper Paleolithic affiliation.

Stone tools are also found in later levels. A small number of
artifacts in all Paleolithic levels of Velika pecina suggests very
short occupations of the site during several episodes from the
Middle till late Upper Paleolithic (Malez 1967, 1979).

Osseous Industry

Early Upper Paleolithic osseous tools at this site consist of
four points from level i (Fig. 4.4, nos. 1, 2, 3 and 4) two of
which (Fig. 4.4, nos. 1 and 2) probably had split bases (the
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Fig.4.3 Osseous points from Vindija. Level G1: 1. Split-base point,2  no. la). Level Fd/d: 7 and 8. Massive-base points (after Malez 1988:
and 3. Massive-base points, 4. Massive-base fragment (modified after  Fig. 4, nos. 2a and 4a). Level Fd/s:9. point distal fragment (after Malez
Karavani¢ and Smith 1998: Fig. 8, nos. 1, 2 and 9). Fd/d interface: 5and  1988: Fig. 5, no. Ic)

6. Massive-base points (after Malez 1988: Fig. 6, no. la and Fig. 4,
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Fig. 4.4 Osseous points from Velika peéina Level i: 1-3. probable
split-base points, 4. Massive-base point (after Karavani¢ and Smith
1998: Fig. 10, nos. 4, 6, 7 and 8); 5. probable massive-base point from
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Bukovac pecéina (Drawing by Kresimir Roncevié); 6. Split-base point
from Sandalja II (Drawing by KreSimir Roncevic)
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bases are damaged), one mesial fragment and one massive
base point (Fig. 4.4, no. 4). Originally Malez (1967) attrib-
uted the base of this massive base point to level h, but it fits
with a distal fragment from level i (Karavani¢ and Smith
1998). However, there is no evidence of mixed layers at
Velika pecina. These two fragments of the same point are
made on antler which was probable also used for manufac-
ture of another piece (Fig. 4.4, no. 2), while other points
are made on bone (S. Radovié, personal communication).
Bone tools are also found in later levels of Velika pecina
but they are (sagaie fragments) typologically different
from those belonging to the early Upper Paleolithic (see
Malez 1967).

Bukovac Peéina

Site Location and History of Excavations

Bukovac pecina is located in Croatia’s Gorski kotar region
(Fig. 4.1), southeast of the town of Lokve on the northwest-
ern slopes of Sleme Hill (Malez 1979). It is situated in a
mountain region within the border zone between the
Mediterranean and continental zones of Croatia, closer to the
Adriatic than to the Hrvatsko zagorje sites. The cave was
first test excavated by T. Kormos (1912) and L. Szildgy in
1911 (Malez 1979). A trench excavated in the front of the
cave yielded no significant discoveries, but a test pit deeper
inside the cave resulted in the recovery of faunal remains and
an osseous point (Fig. 4.4, no. 5). Malez (1979) excavated
the cave during 1970s. I. Jankovi¢ has directed excavations
from 2010 till 2014 (Fig. 4.5).

The Osseous Point

The point has been assigned to different cultures (Malez
1979), but today the overriding view is that it belongs to
the Aurignacian or Olschewian (Malez 1979; Montet-
White 1996; Horusitzky 2004). It is probable made on ant-
ler. The base of the point is missing, but based on the
sudden thinning of the widest part it can be argued that it
was a so-called Mladec¢ point (Fig. 4.4, no. 5). During the
1970s, excavations by Malez (1979), yielded no further
artefacts. Therefore, based solely on the single osseous
point, assignment of the industry to the early Upper
Paleolithic is tenuous although likely. One of the major
aims of the excavation under the direction of I. Jankovi¢ in
2010 (Jankovi¢ et al. 2011), was to determine the layer
from which this find comes, based on the stratigraphy by
Kormos (1912), and obtain material for dating. Thus far,
a single date confirms the Aurignacian timeframe
(I. Jankovié, personal communication).

W,

Fig. 4.5 Excavation at Bukovac peéina. Photo I. Karavanié

Sandalja Il

Site Location and History of Excavations

During mining in the quarry near the city of Pula on Istrian
peninsula in 1961, a cavern containing Quaternary sediments
was exposed, and named Sandalja I, while in the next year
(1962) a second cavern was found and named §andalja 11
(Fig. 4.1). Both are, most likely, part of a single, larger under-
ground complex (Malez 1979). Therefore Sandalja II refers
to the part of the cave that yielded the Upper Paleolithic finds,
while the bone breccia of the Villafranchian age is referred to
as Sandalja I (Karavani¢ 1999; D. Rukavina, personal com-
munication). The Sandalja II site was excavated by M. Malez
on 22 occasions, between 1962 and 1989 (Miracle 1995).

Stratigraphy and Chronology
Basic stratigraphy of the site is over 8 m thick and has been
divided into 8 layers (A-H) (Malez 1963, 1964, 1979). They
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are composed of compact or sandy clay with large or small
rock fragments, containing Upper Paleolithic (Aurignacian
and Epigravettian) lithics, fauna, and human remains (Malez
1979; Brajkovi¢ 2000). Layers G, F, and E have provided
radiocarbon dates between 28 and 23 ka (Malez and Vogel
1969; Srdo€ et al. 1979). Material in layers H and G/H is
scarce and attributable to the early Upper Paleolithic. Layers
G, F and E yielded Aurignacian lithic material, layer D con-
tained both Aurignacian and Epigravettian material while
levels of C and B complexes belong to the Epigravettian
(Karavani¢ 1999). Human remains were only found in late
Epigravettian level B/s (Malez 1972; Jankovié et al. 2012).

Lithic Industries
Debitage in Aurignacian levels, mainly produced on local
grey chert, are often patinated. Flakes are most common,
while bladelets are more numerous than blades in all
Aurignacian layers except level F (Karavani¢ 2003, 2009).
Both blades and bladelets have been produced by direct per-
cussion using a soft hammer. Flakes from retouching are very
rare. This could be the result of the excavation method given
that sieving was not practiced, and thus, may not reflect a true
lack of retouching at the site itself. The large number of
chunks is easily explained by the use of the local grey chert,
which breaks irregularly. The very small percentage of tools
could be explained either by their production elsewhere or,
alternatively, by hominins having taken them from the site.
Nosed and carinated end scrapers are quite common,
while Aurignacian blades are missing (Karavani¢ 2003,
2009). Side scrapers and notches are present in significant
quantities. Dufour bladelets are missing from the sample but
it is not clear whether this reflects a real situation at the site
or the fact that the sediment was not sieved. On the other
hand, Epigravettian layers that were excavated using the
same archaeological methods have yielded numerous smaller
finds (for example, the backed bladelets), therefore making it
likely that the Dufour bladelets would have been collected, if
present in the layers. Although Dufour bladelets are missing,
the lithic industry of the stratigraphic units F, E/F and F rep-
resents the Aurignacian (Karavani¢ 2003, 2009).

Osseous Industry

The most common bone tools in these units are awls, while
four pierced animal teeth from the Aurignacian layers repre-
sent decorative items and represent symbolic behavior (see
Karavani¢ 2003:Fig. 9). On two of these artefacts, the root
was thinned by scraping before the actual piercing was done.
The root of the third tooth was damaged, while the fourth
tooth (although damaged), also shows deliberate thinning of
the root. A small bone point with a split base was found at
Sandalja IT (layer H) and is more similar to examples from
the Franco-Cantabrian Magdalenian (L. G. Straus, personal
communication) than to the Aurignacian types (Fig. 4.4, no.

6). In addition to the above mentioned point, a few osseous
tools and fragments derived from Aurignacian levels (distal
part of point or awl, awl, spatula or chisel, a tool with circu-
lar cross section, a proximal part of a bone tool, a probable
fragment of a bone awl, distal fragment of decorated bone
point with a broken tip), there are also pierced animal teeth,
bone points, awls, bone personal ornaments and bone
engraved pieces found in Epigravettian levels (Malez 1987;
Karavani¢ 1999, 2003).

Discussion

In summary, early Upper Paleolithic osseous points are pres-
ent at four sites in Croatia, but it is the hominin finds and
their association with these points that pose the most inter-
esting and puzzling problem. In Vindija level G1, a split-
base point and massive base points were found together with
Neanderthal remains and some mixture of Middle and Upper
Paleolithic stone tool typological characteristics is present in
the lithic assemblage. A leaf-shaped bifacial stone piece, like
those found in the Szeletien, has also been recovered from
this level. This piece (a point) is thin and very finely worked
on both faces. However, it is likely that some of the lithic
material from G1 (e.g. Vi 1061, Vi 3383) are pseudo-tools, as
argued recently by Zilhdo (2009). These pieces are probably
flakes with pseudo-retouch (edge modification caused by
post-depositional processes which looks like retouch). The
presence of pseudo-tools and the results of refitting (Bruner
2009; Zilhdo 2009) confirms that there was some mixing
of different layers, and that the presence of certain Upper
Paleolithic lithic tool types made on high quality chert from
G1 and G3 levels might be explained as a result of this mix-
ing (Karavani¢ and Smith 2011). Different authors have long
recognized that both bioturbation and cryoturbation occurred
at Vindija and likely resulted in mixing of elements from dif-
ferent layers in some parts of the cave (Malez and Rukavina
1975; Smith 1984; Kozlowski 1996; d’Errico et al. 1998;
Karavani¢ and Smith 1998). However, they are not seen
uniformly throughout the site, and the area where many of
the relevant finds are derived do not show evidence of
disturbance. In light of the documented disturbance of layers,
the Olschewian hypothesis as the transitional industry of the
G1 layer (Karavani¢ 2000, 2007) is not likely. It is more
probable that Middle and Upper Paleolithic typological char-
acteristics of the G1 stone tool assemblage resulted from
mixing of the material between levels than from a specific
transitional industry (Karavani¢ and Smith 2011).

However, the problem of the association of Neanderthal
remains and Upper Paleolithic osseous points is still open.
Results of taphonomic analysis show that the preservation of
osseous tools from G1 is similar to that of the bone remains
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of large mammals and humans from this same level, suggest-
ing they all derive from the same context (Karavani¢ and
Patou-Mathis 2009). These osseous points and Neanderthal
remains do not show trampling traces (except for the base
fragment of the Mlade¢ point — Vi 2510) and it should be
noted that distinctive reddish sediment typical of the G1
layer was imbedded in the Mlade¢ type osseous point Vi
3439 and in Neanderthal skeletal remains from G1, thus
proving that they were found in the same level.

Therefore, Straus (1999), Montet-White (1996), Karavanié
and Smith (1998), Ahern and colleagues (2004), and Jankovi¢
and colleagues (2006, 2011) see the unusual G1 associations
in the context of a more complex pattern that characterizes
the Middle/Upper Paleolithic transition in this region while
Svoboda (2001, 2006) noted some similarities between the
Gl layer of Vindija and Szeletian industry. While Pacher
(2010) correctly pointed out the lack of attributable elements
required to define Olschewian as an initial Upper Paleolithic
industry, her suggestion that fossil human remains from
Vindija level G1 are not Neanderthals has no foundation.
Even though the human remains are very fragmented, as she
properly noted, the anatomical characteristic clearly indicate
an attribution to Neanderthals (with some Modern Human
characteristics), which was published in numerous scientific
papers and books (e.g., Karavani¢ and Smith 1998; Wolpoff
1999; Cartmill and Smith 2009).

In contrast to Zilhdo (2009: Table 2), who sees the G1
layer material as mix of Szeletian, Aurignacian I and II,
and material from Fd/d layer as Aurignacian II or III/IV,
Karavani¢ and Smith (2011) offered two possible explana-
tions. The first possibility is that the lithic industry of G1
represents Mousterian (see also Kozlowski 1996) without
levallois technology. A bifacial stone point made on non-
local Hungarian red radiolarite (Montet-White 1996; Bir6
and Marko6 2007) is seen as an import, a result of the contact
of various Neanderthal groups (if the Szeletian was produced
by Neanderthals) or of contact between Neanderthals and
early Modern Humans (if the Szeletian was produced by
early Modern Humans) from northwestern Croatia and
Hungary. The Upper Paleolithic elements, especially the
osseous points, and possibly some lithic types, may be
the result of contact (exchange or acculturation) between
Neanderthals and early anatomically modern groups
associated with Aurignacian. The second possibility is that
although the lithic industry is Mousterian and the aforemen-
tioned stone bifacial point is imported, the presence of the
osseous points and Upper Paleolithic lithic tools in the G1
level is a result of mixing with the upper layers of the site
(Karavani¢ and Smith 2011). If this is the case, then the
industry present in stratigraphic levels Fd/d and Fd is
Aurignacian (as suggested by Karavani¢ in 1995 and
Kozlowski in 1996). However, due to the variability of the
Aurignacian industry (Kozlowski and Otte 2000; Teyssandier

et al. 2009), the low percentage of typical Aurignacian stone
tools in Vindija, and the fact that lithic industry is typologi-
cally different from the Aurignacian known in French sites,
we are not comfortable using the terms Aurignacian I, 11, ITI/
IV for the Vindija assemblage (see also Miracle 1998).

Equivalents of Vindija and Velika peéina osseous points
have been found at Mokriska jama, Potocka zijalka and
Divje babe I, Alpine Palaeolithic sites in Slovenia (Brodar
and Osole 1979; Brodar and Brodar 1983; Turk and Kavur
1997) and at many Central European sites (Albrecht et al.
1972). Furthermore, the combination of osseous tools simi-
lar to those from Vindija and small numbers of undiagnostic
(i.e. non-Aurignacian) lithic artifacts has also been identified
in the early Upper Paleolithic levels of Velika pecina, as well
as Mokriska jama (Brodar and Osole 1979) and Divje babe I
(Turk and Kavur 1997). Therefore, another possibility is that
the lack of more typical Aurignacian stone tools at Vindija
(and other sites) is the result of some type of functional spe-
cialization connected to regional specific hunting activity
(cf. Hahn 1977). The small quantities of artifacts found at
these sites also suggest that they may have been occupied
only for short episodes. However, another site, Potocka
zijalka (Brodar and Brodar 1983; Pacher et al. 2004), con-
tained an abundant stone and osseous industry including
typical Aurignacian tools absent in other assemblages
(except end scraper on an Aurignacian blade in the Vindija
G1 assemblage, as well as the same type of tool and
Aurignacian blade, flat-nosed end scraper, etc. in Vindija
“G/F interface” and unit F assemblages). Despite this minor
variation, all these Croatian and Slovenian sites are similar
in having yielded early Upper Paleolithic osseous points
along with some stone tool.

Two osseous point types have been identified in some of
those assemblages (i.e., so called massive-base and split-
base bone points). The functional usefulness of the Vindija
split-base point might be questionable. This point is very thin
and wide with flat section. The distal part is missing (broken)
and it seems that it was not recycled. The basal flanges are
fragile (one part of a flange is missing) and the overall
dimensions (31.1x5.6 mm) suggest a structurally weak
point (Karavani¢ and Smith 1998). The points from Mokriska
jama are distinguished by an oval-flat section similar to that
of the split-base point found at Vindija and the points from
Velika pecina. On the other hand, the points from Potocka
zijalka are mainly thick and oval, like the massive-base
points from Vindija.

Although direct dating of the osseous points from Vindija
and Velika pecina failed (Smith et al. 1999), an age of 34 ka
was determined for the “i”” layer of Velika pecina (Malez and
Vogel 1970). Thus, the same age can be assumed for the
osseous points from this same layer of the same site (Malez
and Vogel 1970). An osseous point (most likely with a split
base) from Divje babe I (Slovenia) comes from a layer that
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has been dated to about 35 ka (Nelson 1997). This point was
directly dated to about 30 ka (Moreau et al. 2015) while
points from Potocka zijalka and Mokriska jama (Slovenia)
are dated to between 35 and 29 ka (Hofreiter and Pacher
2004; Moreau et al. 2015). Likewise, the Mladec type points
from the Mamutova cave in Poland, near Krakow, date to
between 33 and 32 ka (Wojtal 2007), while oldest osseous
projectile points from Hungary were dated back to 37/38 ka
(Davies and Hedges (2008-2009). Early Upper Paleolithic
points from German sites have been dated to between 32 and
ca. 27 ka (Conard and Bolus 2003; Bolus and Conard 2006;
Conard and Bolus 2008), and the (proto) Aurignacian split-
base points from Trou de la Mére Clochette in northeastern
France have been dated to between 33 and 35 ka (Szmidt
et al. 2010). Although some of these sites are geographically
quite distant from Vindija, it should also be noted that some
of their dates are older than the Vindija Neanderthals, while
others are younger. Although we do not have direct dates on
the points themselves, dates from comparable archaeological
layers suggest that the bone points from Velika pecina
are older than, or contemporaneous with, the Vindija
Neanderthals. If we adhere to the generally accepted view
that such points are associated with only Modern Humans,
this association raises the question of possible interactions
between these groups.

An Upper Paleolithic osseous point was found at Bukovac
peéina. Thus far, a single date of the level from which the
find comes, confirms the Aurignacian timeframe (I. Jankovié,
personal communication). From the eastern Adriatic, only a
single bone point has been found, and comes from layer H at
the site of Sandalja II, in Istria. It is relatively small com-
pared to the points from Central Europe and has a split-base
and rounded cross section. It is similar to points from the
Franco-Cantabrian Magdalenian (L.G. Straus, personal com-
munication); and based on the recent date for the layer F at
Sandalja II, it should be older than 32 ka (M. Richards, per-
sonal communication), if it did not originally come from one
of the Epigravettian layers.

It is still questionable whether we should explain the early
Upper Paleolithic osseous points from Vindija level G1 as a
result of contact (exchange or acculturation) between
Neanderthals and early anatomically modern groups or as a
result of stratigraphic mixing. Direct radiocarbon dates on
Vindija G1 Neanderthals indicate that they inhabited north-
western Croatia during the same period when the developed
technology of split and massive base osseous points were
present in Central Europe. Therefore, the possibility that the
last Neanderthals in Europe who occupied Vindija cave some
33 ka adopted this technology cannot be excluded.

Although the faunal remains from the sites presented in this
chapter are studied from different perspectives (e.g., Malez
1979; Miracle 1995; Brajkovi¢ 2000; Brajkovi¢ and Miracle
2008; Karavani¢ and Patou-Mathis 2009), unfortunately there

was no detailed technological study of the faunal assemblages
from where these points came from so far. Such analysis will
be of crucial importance in the future, by which we will be
able to establish if these points were produced in situ or
obtained from some other location, and for the better under-
standing of technology of such points in general.

However, there are notable differences in the early Upper
Paleolithic stone and bone industry between continental and
the Adriatic sites of Croatia (see Karavani¢ 2007, 2009).
These differences might reflect different forms of adapta-
tion of local Paleolithic populations induced by different
climatic and environmental conditions, and might well be
interpretable as providing further evidence of the complex-
ity and “mosaic” nature of the early Upper Paleolithic in
Europe.
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Chapter 5

Spanish Aurignacian Projectile Points: An Example of the First
European Paleolithic Hunting Weapons in Osseous Materials

José-Miguel Tejero

Abstract Projectile points constitute the main component of
osseous equipment in the Spanish Aurignacian. Two differ-
ent types follow one after the other chronologically: split-
based points during the Early Aurignacian and then
simple-based point during the evolved Aurignacian. With
rare exceptions, antler is the chosen material to produce
these projectile points. Contrary to bone work—which uses
fragments recovered from food activities to make domestic
tools—antler exploitation is unconnected to food activities
and is instead driven by projectile production. This form of
antler exploitation integrates, for the first time during the
European Paleolithic, an organic material into the technical
sphere. The limited availability of this material and the com-
plex processes applied in its transformation, are reflected in
the systematic shaping and resharpening of the projectile
points. Issues surrounding these processes in Spanish
Aurignacian split-based and simple-based points are out-
lined and discussed.

Keywords Upper Paleolithic ¢ Split-based points ® Simple/
massive based points

Introduction

Hunting weapons manufactured from osseous raw materials
first appeared in Europe during the Aurignacian, more spe-
cifically during its earliest stage (Early Aurignacian) about
40,000 years ago, though a few possible and controversial
examples from the Proto-Aurignacian have been reported
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(i.e., Trou de la Mére Clochette, France: Szmidt et al. 2010;
Fumane, Italy: Bertola et al. 2013). Prior to the advent of this
techno-complex, the raw materials used for weapon manu-
facture were stone and/or wood—famous examples of
wooden spears including those found at Schoningen,
Germany (Thieme 1997) and Clacton-on-Sea, Great Britain
(Oakley et al. 1977). On the African continent, evidence for
the use of osseous materials to make presumed projectile
points are older. Here we find several examples from Middle
Stone Age (MSA) contexts, as well as barbed points from
Katanga, Congo (Yellen et al. 1995; but see Klein 2009:
527-529 for criticism on their estimated age) and Broken
Hill, Zambia (see Backwell and d’Errico 2016) to cite only a
few of the most important finds.

On the European continent, the first osseous points (
pointes de sagaie) are the split-based points which have long
served to establish the periodization of the Aurignacian. The
internal organization of this typo-technological tradition
simultaneously relied on quantitative representation of lithic
types and the nature of the osseous points, sometimes priori-
tizing the latter over the former. The predominance of typo-
logical classifications in early archaeology explains the great
importance given to so-called ‘fossil directeurs’ in bone and
antler, which in Europe, are stratigraphically better defined
than most stone tools. Initially, the rich sequences of south-
western France endowed by the excavations of D. Peyrony
provided the references necessary to develop a more com-
plex model than that originally proposed a few years earlier
by H. Breuil. Peyrony’s periodization of the Aurignacian has
five phases, the first four found at the site of La Ferrassie and
the last in Laugerie-Haute (Peyrony 1933, 1934). Each phase
was set according to the presence of a specific bone/antler
tool. The split-based point, being present in Early Aurignacian
levels at numerous sites, was the first morpho-type recog-
nized among the hunting weapons of the European
Aurignacian (Fig. 5.1).

It is because of this strong chronological connection that
these points have been brought into arguments put forward
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Fig.5.1 Main Europe Aurignacian sites with split-based points

by defenders of a sharp break between the Middle and the
Upper Paleolithic (i.e., Mellars 1989; Mellars and Stringer
1989; Klein 1995). These claims, however, are not entirely
correct if we consider that there is earlier evidence for the
use of hard animal raw materials in elements of symbolism.
Pigments and seashells use, for instance, are both docu-
mented in Mousterian (e.g., Aircraft Cave in Spain: Zilhdo
et al. 2010), and Chatelperronian contexts (e.g., Grotte du
Renne, France: Caron et al. 2011). Both of these cultures
being associated with Neanderthals. Furthermore, the real
break in osseous raw material working is not between the
Mousterian and the Aurignacian, but between the Proto-
Aurignacian and the Early Aurignacian and concerns—
exclusively—antler working (Tejero 2014; Tejero and
Grimaldi 2015). In all, this situation has caused split-based
points to currently be one of the most studied osseous objects
of the Paleolithic period.

Concerning the Spanish Aurignacian, projectile points
constitute the main component of osseous equipment recov-
ered. Here, two different types follow one another chrono-
logically: split-based points (during the Early Aurignacian)
and then simple-based or massive-based points in the fol-
lowing Evolved Aurignacian phase (Tejero 2010, 2013).
From the analysis of these objects, and of the archaeologi-
cal remains associated with their manufacture (blanks,
waste, etc.), it was found that the raw material, debitage,

and manufacturing schemes, were similar for both point
types. The differences between split-based and simple-
based points are instead limited to the proximal part, and
necessarily by this fact, their hafting systems, though their
mode of use may also differ.

In this chapter, I present the different aspects of osseous
projectile points during the Spanish Aurignacian. But since,
as we have seen, these objects are of great importance for the
analysis of the chrono-cultural, economic, technical, and
social aspects of the beginnings of the Upper Paleolithic, and
because the Spanish corpus is numerically limited, I will
attempt to integrate information from other main European
sites currently being studied by myself in order to consider
these technologies in a wider context.

The Raw Material for Hunting Equipment
Manufacture

Although some early references to Spanish Aurignacian pro-
jectile points mention bone as the raw material for manufac-
ture of these weapons (e.g., Bernaldo de Quirds 1982; Cabrera
1984), the fact is that almost all of these objects are made
from deer antler, which is consistent with the available data
for other parts of Europe (including southwest France and
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Central Europe [Knecht 1991]). The only other raw material
documented for making projectile points in Spain is mam-
moth (Mammuthus primigenius) ivory. One split-based point
found in level Delta (Obermaier excavations) of El Castillo
Cave (Fig. 5.2: 4) is the only such point in ivory found in
Aurignacian contexts from all over Europe, though another
point from Morin Cave (level 7) that does not conserve its

base (and thus we cannot identify its morpho-type) has also
been reported (Tejero 2010, 2013).

Although hunting weapons made from mammoth ivory
are known in the Aurignacian archaeological record, most
were documented in areas where the presence of this animal
is relatively abundant during the initial Upper Paleolithic—
such as Belgium (Otte 1995) or Central Europe (Hahn 1995).

Fig. 5.2 Elements linked to the split-based points fabrication: (1) Wastes
produced during antler preparation and secondary block production. El
Castillo, level Delta. (2) Rough blank of the baguette type (top). Conde

cave A/B. and a worked baguette blank (bottom). Cierro 5, 6. (3) Rough out
of a projectile (pointe de sagaie) point. Conde Cave A/B. (4) Split-based
point on antler (leff) and ivory (right). Labeko Koba V. El Castillo Delta
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In more southerly regions, and especially in Spain, the
remains of this proboscidea are only marginally documented
amongst the fauna of Aurignacian deposits (i.e., Labeko
Koba: Altuna and Mariezkurrena 2000). Therefore, we can
assume that the availability of this raw material was actually
very limited. If we consider that the availability of deer ant-
ler was relatively high, that the properties of ivory are less
suitable than antler or bone for the functional requirements
of a projectile weapon (Christensen and Tejero 2015), and
that other forms of ivory production in this area are not
known (e.g., ivory portable art objects are well known in
Germany [Conard 2009] and personal ornaments including
small beads are found in France [White 2007]), the status of
this raw material in the Spanish Aurignacian seems to have
specific particularities which are difficult to explain with the
data we have so far.

Although bone and ivory from different terrestrial and
marine mammals (Pétillon 2008) and even shell (Jones,
1988) can be used to make weapons for hunting, the
morpho-structural properties of antler make it the best osse-
ous material for the manufacture of projectile points
(Christensen and Tejero 2015). These properties were
known and systematically exploited from very early on (the
Early Aurignacian) by Spanish (and wider European)
Aurignacians who worked antler of a single taxon of deer:
Red deer (Cervus elaphus), although a few possible exam-
ples of Reindeer (Rangifer tarandus) have been reported
(for instance at El Castillo: Tejero 2013). This choice was
largely imposed by the faunal composition of Late
Pleistocene Iberia biotopes, where the prevalence among
deer species corresponded mainly to Red deer and Roe deer
(Capreolus capreolus) (Castafios 1986, 2005). This associa-
tion is very strongly reflected in the composition of
Aurignacian faunal deposits, where Red deer is always the
species best represented among cervids—even among the
fauna of sites such as El Castillo (Cabrera 1984; Dari 2003;
Liouville 2007). The use of Roe deer antler is not docu-
mented, probably owing to the fact that its use for technol-
ogy manufacture is limited by its poor development and
reduced cortical tissue thickness. Thus, the almost exclusive
use of Red deer antler appears to be determined not so much
by choice or cultural preference but by a double constraint:
the preponderance of this taxon in the environment and the
technical possibilities of the antler from this species.

Antler procurement modalities can be only partially
determined. The presence of manufacturing waste from pro-
jectile points made from shed antler bases (e.g., El Castillo,
Labeko Koba) indicate that at least part of the exploited ant-
ler came from collected shed antler. We do not have enough
data to propose the generalization of this behavior in the sites
mentioned above or in other sites with evidence of
Aurignacian antler working. However, some indirect evi-
dence seems to suggest that the collection of antler for the

manufacture of hunting weapons was a common practice
among Spanish Aurignacians. For instance, the absence of
deer among the fauna hunted, as at Labeko (Altuna and
Mariezkurrena 2000), or their capture principally in late win-
ter and spring when the males of this species lack antlers, as
observed at El Castillo (Pike-Tay et al. 1999). Moreover, the
use of antler with a cortical thicknesses exceeding 6 mm in
most of these sites can only have come from fully calcified
and shed antlers or from antlers of adult males about to com-
plete its annual cycle of growth (Averbouh 2000), indicating
a selection from hunted animals which is not consistent with
the archaeological record of the Spanish Aurignacian.
However, in many cases no zooarchaeological studies have
been undertaken to clarify this question.

Antler Weaponry Production

Getting the Blanks: A New Way to Transform
the Osseous Raw Material

In relation to the anatomical parts of the antler worked, in
most Spanish Aurignacian sites a preference for the A and B
beams —that is, the main branches of the antlers—as blocks
to be worked for projectile point production is found. This
preference is dictated by two inherent factors of the projec-
tile weapon: cortical osseous tissue thickness sufficient to
ensure the strength of the weapon and the straightness of the
blank which allows the future point to maintain its efficiency
through a predictable trajectory under the laws of ballistics.
To a lesser degree a minimum length is required. However,
maintenance of projectile points which decreases its length
from the theoretical original points (see below), demon-
strates that this parameter is likely to be less important.
These requirements are preferably provided (sometimes
exclusively depending on the antler) from the antler beam.
Generally, in tines and tine tips calcification is less and these
sections are less straight (except in some cases of the eye tine
of Red deer) than in the beams.

The technical steps between the supply of raw materials
and the finalization of the point have rarely been discussed
in the literature. However, obviously, obtaining blanks to
fabricate the points—debitage—involves the transformation
of the material to remove a fraction of it in order to be
transformed into a projectile point. Today we know that the
Aurignacians were obtaining blanks both to make split-based
and simple-based points, by cross segmentation of the beams
to obtain cylindrical blocks that would later be split. These
ways to penetrate into the osseous matter were unknown
before the Early Aurignacian and are different to those used
later during the Gravettian (see Goutas 2016). The
Gravettians were the ‘inventors’ (in our present state of



5 Spanish Aurignacian Projectile Points

59

knowledge) of the procedure known as ‘double longitudinal
grooving’, although they also continued to occasionally use
the splitting technique (Goutas 2004).

Bone exploitation modalities in the Early Aurignacian
differ from those used for antler (Tartar 2009, 2012; Tejero
2013) and had already been employed by Neanderthals to
procure blanks for their objects made in this raw material
(awls, retouchers, etc.) (e.g., Vincent 1993; Armand and
Delagnes 1998; d’Errico et al. 2003; Soressi et al. 2013).
Bone fragments were obtained in most cases by a simple and
expeditious fracturing by percussion that has no technical
purpose but for food processing—that is, to fracture the bone
to access the bone marrow. Therefore, the knowledge of how
to work antler during the Early Aurignacian represents a
working procedure for osseous raw materials completely
new and best known today through the work of several
researchers outlined below.

Knecht (1991, 1993) was one of the first researchers to
talk about splitting as a procedure by which the Aurignacians
produced blanks from antler, of more or less rectangular
morphology, in order to make projectile points. Later, Liolios
(1999) tested the experimental reproduction of this type of
blank, though her work was more didactic than demonstra-
tive. Recently, based on the analysis of the manufacturing
waste and blanks of Spanish Aurignacian sites, the author in
collaboration with M. Christensen and P. Bodu has repro-
duced the procedure of Red deer antler splitting to obtain
blanks and compared the results to archaeological material
(Tejero et al. 2012). This experimental program has allowed
us to accurately characterize the way in which Aurignacians
transformed antler raw material blocks in order to make their
hunting weaponry.

The technical procedures for processing antler during the
Aurignacian initially acted across the grain (segmentation:
cutting through the fibers), later changing to a horizontal
action (split: splitting and tearing the fibers). This choice
seems determined by the physical and structural characteris-
tics of antler, which we have seen, Aurignacians knew to per-
fection. Uncontrolled direct percussion (as was used
repeatedly for bone) is an inappropriate technique for antler
working owing to its relative degree of elasticity, and there-
fore, its capacity to absorb the blows. This feature is deter-
mined by the relationship between the organic fraction and
mineral fraction of the raw material, which is characteristic
of all osseous tissues but in the case of antler has a larger
amount of the former, than that found in bone or ivory (in
other words, antler is less mineralized) (Christensen 2004).
Nevertheless, as shown by some recent studies focusing on
the Badegoulian techno-typological tradition, it is possible to
obtain antler flakes blanks by knapping, although an impor-
tant section of the raw material is lost and the blanks mor-
phology remains quite random (Averbouh and Pétillon 2011;
Pétillon and Ducasse 2012; Borao et al. 2016). Regarding

fracturing by splitting, this procedure exploits the natural
disposition of the osseous fibers which are laid in longitudi-
nal bundles, separating them in an expeditious way while
allowing relative control of the width, and especially, very
precise control of the length of all extracted blanks (Tejero
et al. 2012). Indeed, this arrangement of the osseous fibers is
reminiscent of vegetable materials, leading some to propose
that the beginning of the osseous material exploitation was a
simple transfer of wood working techniques to osseous
(Liolios 1999, 2006). This is a very interesting hypothesis,
but so far, lacks supporting evidence.

On the basis of evidence from Spanish sites, but also found
in major French assemblages such as Isturitz and La Quina-
Aval (Tejero 2014), the Aurignacians cross segmented antler
with two clearly hierarchical objectives. The primary objec-
tive was the production of blocks from beam segments (A and
B beams) which were subsequently split in order to obtain
blanks with roughly rectangular or sub-triangular morphology
(‘baguette’ type) (Fig. 5.2: 2). This objective may have been
preceded by the preparation of the antler by eliminating
unnecessary elements that hinder cross-sectioning (tine and
tine tips), which in this case, would become the secondary aim
clearly subsidiary to the previous one.

This procedure, which seeks to recover the useful (usually
central) anatomical parts of the antler and eliminate other less
useful sections, is supported by the waste documented in
almost all studied sites, as well as the few objects other than
projectile points which were made from this raw material.
Recovered waste always consists of tines, tine tips, fragments
of the junction of the beams A/B, and the antler bases (Fig. 5.2:
1), with occasional antler objects manufactured from these sec-
tioned parts. Mostly, these other objects consist of tines used
like intermediate or bevelled pieces (El Castillo, Hornos de la
Pefia, Labeko Koba, Covalejos, Conde, Cierro, etc).

The relationship between length and width of the
blanks, both found in Spanish Aurignacian artefacts and
experimental points (Tejero et al. 2012), disproves the
claim of some authors that this procedure does not allow
the formation of long and narrow blanks (Liolios 1999).
On the contrary, a successful split fracture has various fac-
tors (start it straight, position with regard to the work
plane, position of the intermediate piece on the blow, etc.)
that, provided there is some anticipation of the artisan,
allows the removal of long and relatively narrow blanks.
Such blanks are indirectly evidenced by the existence of
points over 210 mm (EIl Castillo Delta from Obermaier’s
excavations, Mallaetes XIII), but are documented directly
in certain French sites (Isturitz and La Quina-Aval) where
some baguettes exceed 200 mm in length with a width
ranging between 20 and 30 mm (Tejero 2014).

No other technology has been documented alongside pro-
jectile points as objects made from antler baguettes in Spanish
sites, reinforcing the idea that the exploitation of antler is
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linked exclusively to the manufacture of hunting equipment.
Moreover, dimensional compatibility between blanks and
points where both have been recovered indicates the adequacy
of one to manufacture the other. Additionally, we have the
intermediate technical elements (rough outs), as in the case of
Conde A/B or Covalejos (B) (Fig. 5.2: 3), where the matching
morphometric modules of successive stages (blank-rough
out-projectile point) confirms this theory (Tejero 2013).

Transforming Blanks into Projectile Points

In the manufacturing phase, the overall volume and symme-
try of the point are established. The edges are regularized,
eliminating fracture planes which resulted from the splitting
and removing of the blank from the cancellous fraction of
the antler (though a fraction is still visible on almost all pro-
jectile points) (Fig. 5.2: 2). Here, only scraping was used and
was utilized for both split-based and simple-based points.

The use of only one technique among several possibilities
(abrading, polishing, incision, etc.), along with the absence of
work that, from our perspective would be describe as ‘aes-
thetic’, has led some authors to speak of ‘minimalism’ in the
making of these objects. This practice is documented in both
the Aurignacian as well as in certain Gravettian assemblages
(Goutas 2004). Differences in workmanship between various
sites and within different levels of the same site is not found,
except in the extent of surface worked. For both of the two
Aurignacian point types, you can find worked pieces processed
by scraping, while similar others have a rough (largely
unworked) superior face. As we shall see, when referring spe-
cifically to each of the point types, we can propose a hypothesis
to explain this difference for split-based points. However, this
question, like many other unknowns about the technical aspects
of the Aurignacian simple-based points, remains to be clarified
for reasons including that the attention of researchers has been
devoted largely to the tip of the Early Aurignacian points.

While both types of points share manufacturing methods,
other aspects such as their morphometry or hafting system,
are specific to each group. The sections below are devoted to
the specific characteristics of split-based points and simple-
based points respectively.

Split-Based Points

Although the Spanish corpus of split-based points is quanti-
tatively limited in comparison to other areas of Europe (i.e.,
southwest France or the Swabian Jura [Knecht 1991; Liolios
1999; Tejero 2014]), these weapons are present in ten
Spanish sites. These sites are found in both the Cantabrian
and Mediterranean regions and represent a strong presence
and wide distribution of this morphotype (Fig. 5.3).

Morphometric Design

Spanish Aurignacian split-based points feature an apparent
diversity in the form of their base cleft. This difference can be
seen on both completed tools as well as those discarded in
manufacture. Other parameters, such as point dimensions, are
more difficult to evaluate owing to point fragmentation and
can only be considered as indicative in conjunction with other
values. Careful analysis, however, shows that Spanish split-
based points can be classify into two types of morphometric
design: (1) points with an elliptical form; and (2) points with
a bi-convex form (Fig. 5.3). A single specimen with a circular
cross section has been identified, but in this case it was dic-
tated by the choice of raw material (ivory) (White 1995;
Christensen 1999). The production of an ivory blank was
probably undertaken by simply taking advantage of a natu-
rally exfoliated fracture, and thus, this specimen is different
from all other examples made from antler. The exploitation of
sub-fossil ivory is also documented in other European
Aurignacian sites like Geissenkldsterle (Liolios 1999).

Elliptical section points usually display medium or long
lengths (around 60—110 mm). Edges are straight, converging
towards the distal end, and the surface can be either com-
pleted scraped over or the superior face can be left rough.
Points with the bi-convex design are generally smaller in
size, with this value varying between a minimum of 30 mm
and a maximum of 80 mm. Edges of these bi-convex points
are often show a truncation (a rupture in its manufacture)
from the end of the base or from the medial section. In almost
all cases, the entire surface has been scrapped.

The interpretation of this dualism in Spanish Aurignacian
point design is difficult owing to the small number of points
available to study. It may simply be the result of a lack of mor-
phometric standardization of this object, regional traditions
and/or cultural variety, or even different use modalities of the
hunting weapons with different morphology or varying size
(different environments, different types of prey, etc.). None of
these hypotheses can be verified from the available data.
However, there is a technical feature common to both Spanish
split-based points and those from other countries which may
explain this circumstance (at least in part): the systematic
resharpening and reshaping of broken tips during use.

Split-Based Point Maintenance

The relatively reduced availability of antler compared to oth-
ers such as bone or lithic raw material, and the significant and
complex technical investment in their manufacture, result in
that points be systematically repaired. This behavior is not
exclusive to the Early Aurignacian, also being documented
within the Magdalenian (e.g., Pétillon 2006; Langley 2015),
and it is foreseeable that new technical studies will identify
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Fig. 5.3 Split-based points from the Spanish Aurignacian. (1, 3) El Castillo. level Delta. (2) Morin 9. (4) La Vifia XIII. (5) Labeko Koba V. (6)
Covalejos B. Bottom: detail of lateral flattening of the base of the point (Magnification 15x, 20x)

evidence of this behavior in all techno-complexes of the points (Tejero 2014) (Fig. 5.4). Liolios (1999) proposed a
European Upper Paleolithic. theoretical scheme for the resharpening and reshaping for

In Western Europe, split-based points from different sites, these particular objects founded in the study of various
such as those from Abri Poisson, La Quina-Aval, and Isturitz, French sites and of Geissenklosterle (Germany). In broad
display evidence for the recurrent recovery of broken projectile  terms, this scheme corresponds to that observed for the



62 J.-M. Tejero

“original” 5 A reshaped
split-based point medial and distal fragments 1 hased point

| .. |

Fig.5.4 Theoretical maintenance scheme for split-based points. (/) El Castillo. level Delta. (2) Abri Poisson (France) Aurignacian level. P. Girod
excavations. (3) La Quina-Aval Aurignacian level
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Spanish Aurignacian (Fig. 5.4). Following this theoretical
schema, medial and distal fractures of the ‘original’ points
were repaired to repoint the tip. This activity results in
increasingly short projectile points until their small size
makes them no longer functional. If we look at examples
from El Castillo or Isturitz, exhausted points are around
50 mm in total length. According to experimental analyses,
proximal fractures, in most cases, would result in the aban-
doning of the point, which cannot be repaired (Pétillon 2006).

This process explains the existence of the two morpho-
metric types identified for this site and other Spanish sites —
maybe even for other Europeans assemblages. The length of
the El Castillo projectile points, as well as those from Isturitz
cave and La Quina-Aval (Tejero 2014), is the most fluctuat-
ing value and likely corresponds to successive resharpening
and reshaping cycles of broken points. In contrast, the width
and thickness of the points remains quite constant through-
out the corpus (including for whole and fragmented points).
The width of the projectile base is theoretically determined
by the need to attach the point to the shaft (presumably of
wood which did not survive), and hence, can be considered
the variable that limits the dimensions of the proximal part.
Hence, the repair of broken points is done by scraping only
to delineate a new distal tip without affecting the thickness of
the body. This method is responsible for transforming an
original elliptical point into a biconvex point, and also, for
the truncation of edges with ‘original’ points having straight
edges. From these data we can propose for most Aurignacian
Spanish sites with split-based points, the existence of a sin-
gle point design (first intention module sensu Liolios 1999)
of elliptical cross-section. The resharpening of fractured pro-
jectile points would lead to a secondary point form that
maintains both the width of the base and the overall thick-
ness but becomes bi-convex in cross-section as the edges
lose their original straight delineation.

Some Considerations on Hafting
and Launching Modes

One of the most controversial issues regarding split-based
points was the manufacture of the base, and consequently,
everything that is related to its hafting system. On most
Spanish split-based points, the base was made by simple
indirect percussion according to the model proposed by
Henri-Martin (1930). Recent work (Tartar and White 2013)
has resumed the original hypothesis of Nuzhnyi (1998)
who proposed an intermediate model between the propos-
als of Henri-Martin (1930) and Peyrony (1935). The author
experimented with extracting a small material fraction of
the base creating a so-called ‘tongue-piece’. Thereafter, the
crack initiated from the fracture and the base became cleft.
Although this model has been tested experimentally and

compared with the French assemblages of Abris Blanchard
and Castanet, it is not possible to generalize and extend this
approach to the Spanish points or other important French
sites that we have studied including La Quina-Aval (Tejero
2014). Contrary to the impression given in Tartar and White
(2013), ‘tongued-pieces’ are only present in one Spanish
site, Covalejos (Tejero 2013), and only in the Early
Aurignacian Level B (2) where we documented 3 exam-
ples, one being in a very poor state of preservation. The
morphology of these three pieces is ‘atypical’ when com-
pared to the French examples (Knecht 1991), and thus,
their relationship with other split-based points is not yet
demonstrated (Tejero 2013).

In contrast, split-based points of the Spanish Aurignacian
share one technical feature which is likely related to the cleft
base. The cleft is made after preparing a flattened section
made by scraping on both sides (Fig. 5.3). This flattening is
also documented in a number of French sites and is inter-
preted by Knecht as a way to control the length of the cleft
(Knecht 1991:397). Indeed, if we compare the length of the
flattened section with the clefts found in Spanish sites, we
note that the clefts are always a few millimeters shorter than
the flattened sections. This observation confirms that the flat-
tened section is effective in stopping the spread of the slot,
but cannot be said with certainty since there is a lack of
experimental data on this issue.

The lack of experimental data also affects other impor-
tant issues regarding these weapons: specifically their mode
of use. For more recent periods of the Upper Paleolithic,
different authors have explored the use of the bow or spear-
thrower to project points (see Langley et al. 2016). However,
there exists no direct evidence for either of these launch
objects in the Aurignacian (Cattelain 1994), nor does the
few shooting experiments undertaken with Aurignacian
points bring light to the issue. Knecht (1991, 1997) did,
however, demonstrated the effectiveness of split-based and
simple-based points as projectiles. Knecht hafted the points
using a small wedge (clavette piece) in order to attempt to
explain the existence of the ‘tongued-pieces’ as waste from
the manufacture of these sockets, as well as determine if
they were used in the hafting of the points. However, the
researcher performed the shots with a modern device (cross-
bow), so we do not have data for their use with bows or
spearthrowers (made perhaps as early as the Aurignacian on
perishable materials such as wood), or perhaps, launched by
hand. Furthermore, observations made by Knecht on the
small amount of damage sustained by the points in use, even
when penetrating the target by more than 20 cm, does not
correspond with the archaeological evidence from at least
some of the southwest European collections. Although the
number of points available for the Spanish Aurignacian does
not enable statistically significant data analysis, we have
information from other sites in Western Europe. For
instance, following the criteria for the identification of use
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fractures proposed by Pétillon (2006), we have documented
nearly 50 distal and medial use fractures in a set of over 150
projectile points from Isturitz cave, along with ten proximal
fractures (Tejero 2014). Ongoing research will allow us to
compare these fractures with experimental examples, along
with expanded traceological analysis to other sites.

Simple-Based Points

Morphometrical Features
of a Heterogeneous Assemblage

Defined as elongated objects with a pointed distal tip, a vari-
able cross section, and a simple hafting system, the simple-
based point has been known by various names, including:
pointed base points, biconical point, massive base point, or
simply ‘not a split-based point’ (Hahn 1974; Leroy-Prost,
1974, 1975, 1979; Hahn 1988). I prefer to use the term ‘mas-
sive base’ or ‘simple-based’ point which is better suited to
the reality and variability of the general morphology of these
objects, which do not always exhibit a pointed proximal part
or a biconical contour.

Some of these points are described as having ‘a base
raccourcie’ where its proximal part has a number of irregu-
lar steps (Mons 1988). The identification and characteriza-
tion of the scraping technique known as ‘scraping in
diabolo’ has been described and accurately characterized in
several recent publications (Le Dosseur 2003; Chauviere
and Rigaud 2005) although the first citations are older
(Rigaud 1972). These artefacts are the result of a segmenta-
tion procedure which involves the progressive slimming
down of the thickness of the element to be sectioned. To do
this, localized, peripheral and unidirectional scraping is
undertaken, pressing continuously on the raw material. The
corpus best studied from a technical point of view (the
Magdalenian levels from La Garenne. France), notes that in
many cases these previously supposed projectile points are
actually waste from manufacture of points whose blank was
sectioned by scraping ‘in diabolo’ (Chauviére and Rigaud
2005). However, these same authors suggest the possibility
that not all of these artefacts come from the same technical
process (which may, in fact, come from an action of deb-
itage, manufacture, or repair of a point), and must be con-
sidered on a case by case basis. Some of the evidence for
the Spanish Aurignacian has been classified in various pub-
lications as ‘a base raccourcie’ but in reality these artefacts
are not a separate point morphology.

Chrono-culturally, all Spanish evidence for simple-
based points are assigned to Evolved Aurignacian levels
(Arbreda G, Mallaetes XIII, El Ruso IVB, Morin 5 inf and
El Otero 6, 5, 4). In the characterization of the assemblages,

perhaps the most remarkable feature is the morphological
heterogeneity, both between sites and within site assem-
blages (Fig. 5.5). This heterogeneity may be the result of
various factors, including: no standardization of piece pro-
duction, the adequacy of each item to fulfil different func-
tional hunting needs (perhaps different types of prey), or
even, given that we cannot be sure that all pieces belong to
the same occupation period, may correspond to the contri-
bution of various groups with different technical traditions
in successive occupations. Morphometrically the maximum
lengths of intact points range between 224 and 93 mm.
Width varies between 6 and 20 mm and thickness between
4 and 10 mm. Cross-sections are preferably elliptical, with
a few sub-rectangular or biconvex examples. There is no
correlation in these values that infer a specific use for sim-
ple-based points.

Spears Points Without Evidence
for Resharpening and Reshaping

It is not possible to deduce from the analyzed pieces any
evidence for resharpening, reshaping or recycling of simple-
based points. The absence of such evidence may be owing to
several factors, including: the limited sample size that has
prevented examples with maintenance being included,
greater availability of raw material that renders the reuse of
the broken point unnecessary, and the relatively less invest-
ment in the manufacture of simple-based points as against
split-based points. The last two possibilities, however, seem
very improbable.

Some Considerations by Way of Summary
and Conclusion

Despite the unique features of Spanish Aurignacian osse-
ous projectile point assemblages—especially their lim-
ited number compared to other geographical areas—the
study of hunting weapons still allows us to propose a
series of reflections extending to the Western European
Aurignacian.

Deer Antler Working: ‘Complex’
Transformation of an Osseous Raw
Material

Throughout the entire Upper Paleolithic of Western Europe,
prehistoric artisans chose deer antler to manufacture a large
part of their hunting equipment, while bone was preferably
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Fig. 5.5 Simple or massive base points from the Spanish Evolved Aurignacian. (1, 2) Morin 5 Inf. (3) Arbreda G (4, 5) Mallaetes XIII

used for the manufacture of domestic tools (Christensen and
Tejero 2015). From the Early Aurignacian, however, both in
Spain and in close by regions, the manufacture of hunting
equipment is not limited by the choice of a particular raw
material, but directly responsible for its exploitation. The parts

of the antlers exploited (A and B beams), the working methods
employed (transversal cross-sectioning and longitudinal split-
ting), the selection of antler pieces with high cortical values
(above 6 mm thick), shows complex technical organization
fundamentally different to the exploitation of bone.
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When I talk about concepts like complexity or significant
effort investment in the production of projectile points,
I mean the mental and manual effort required over the entire
chdine operatoire of these tools. This effort begins at raw
material procurement and requires the anticipation of the
needs of the group, and the planning of expeditions to recover
antler intact (when shed antler is being collected), as antler
only maintains their properties and integrity for a few days
after shedding (owing to different biotic and abiotic factors).
Collection is a technical behavior closer to abiotic raw mate-
rial supply (flint and/or other lithology) than to meat exploi-
tation (or other resources related to hunted animals, such as
skins or tendons). The knowledge necessary to choose the
best methods for working antler to produce blanks and trans-
form them into projectile points, imagining an object from a
block of material that is morphologically different (although
it is true that this is common to the work of lithic raw materi-
als and not only exclusive of the Aurignacian but also the
Mousterian when Neanderthals developed the lithic debitage
method called levallois), hafting system configuration, and
above all, the inclusion of these objects in the food supply
chain of the group, make it a complex technical system
requiring specific planning that is very different from that
utilized in bone working. For bone, data from the sites with
zooarchaeological studies indicate that bone fragments used
or transformed into objects correspond to the remains of ani-
mals hunted and consumed (i.e., Labeko Koba: Altuna and
Mariezkurrena 2000). Bone is fractured by direct percussion
with minimal control, the goal of this fracturing not being
technical, but alimentary. The bone fragments selected as
tool blanks are transformed summarily or are used directly in
order to make retouchers, awls, or smoothers which are the
most representative objects in both Spanish and French
Aurignacian assemblages (Schwab 2002; Tartar 2009; Tejero
2013; Schwab 2014; Tejero et al. 2016). No maintenance of
bone objects is documented.

Conversely, projectile points were shown great care dur-
ing manufacture and use. No doubt the main motivation for
this treatment is determined by the functional imperatives of
the projectile elements (strict planes of symmetry, regularity
of their surfaces, hafting systems). But beyond raw material
constraints, various authors propose a not strictly technical
explanation for this behavior (Liolios 1999; Goutas 2004).
The assignment of points to the hunting sphere in societies
whose economic fundamentals revolve around hunting and
consumption of different animal species, can certainly result
in the tools gaining a special status. We must not forget that
the viability of a human group includes the organization of
an ensemble of complex systems (technical, economic,
social, cultural), and a stable meat supply. Therefore, the
objects used in their obtainment are all directly associated
with the survival of the group.

Technological Data for an (In)homogeneous
European Aurignacian

The traditional view of the Aurignacian as the first culture of
the Upper Paleolithic and its association with Homo sapiens
expansion across Europe, has led to the formulation of models
that advocate the homogeneity of this techno-complex (i.e.,
Mellars 1989). Recent studies of lithic technology from early
Upper Paleolithic sites in different geographical areas have
improved our knowledge and changed our perceptions of the
Aurignacian (i.e., Bon 2002; Teyssandier 2007). The study of
osseous industries has also nuanced the perspective of the
Aurignacian as a homogeneous entity. Liolios (1999) has dem-
onstrated the existence in the apparently monotonous corpus of
split-based points from some French and Central European
sites, with what she calls different conceptions (morphometric
designs). In our opinion, other technical aspects of these points
also show heterogeneity if we look in detail at the European
archaeological record from a technical and functional perspec-
tive. We have seen, for instance, that explanations for the man-
ufacturing method for the point bases have been proposed
(Henry-Martin, Peyrony) with a syncretic hypothesis of both
most recently proposed (Nuzhnyi 1998; Tartar and White
2013). Perhaps the error of all these proposals reside in consid-
ering, implicitly, that all European Aurignacians always used
the same way to prepare the bases of their projectile points.
According to our own observations of the Spanish material, as
well as at some important French sites (Isturitz, La Quina-
Aval, Abri Poisson, etc.), base cleavage took place according to
the site: either by direct percussion with prior preparation of a
lateral flattening, by cleft without any preparation, or by
extracting a fraction of material (generating a ‘tongue piece’),
along with posterior splitting (although with a somewhat dif-
ferent approach than that advocated by Nuznhny, Tartar and
White), while in Isturitz not bifacial but unifacial sawing fol-
lowed by bending is documented (Tejero 2014).

The Invention of Split-Based Points

and Their Role in the Adaptation of First
European H. sapiens During the Heinrich 4
Climatic Event: Research Perspectives

on Aurignacian Osseous Weapons

Currently, many authors accept that climatic changes, espe-
cially those that occurred at a faster rate, have contributed sig-
nificantly to the emergence of cultural innovations (Potts 1996;
Ziegler et al. 2013). When the first modern humans arrived in
Europe, about 40,000 years ago, they had to adapt to a new
climate and the resulting new flora and fauna differed signifi-
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cantly from their African ecological environment. These H.
sapiens European settlements, generally coincide chrono-cul-
turally with the Early Aurignacian, and climatically with the
Heinrich 4 event, which was a cold and dry period (Banks et al.
2013). While adaptation to these new environmental condi-
tions was a key factor for their successful establishment in
Europe, little is known about the aspects decisively affecting
this adaptation process. Among others, the exploitation of ant-
ler as a raw material for making hunting weapons constitutes a
key element of this process and is exclusive to Modern Human
groups. However, we are still far from understanding the
mechanisms of emergence and dissemination of this innova-
tion and its importance in the human subsistence. For instance,
what was the initial reason for antler exploitation? Antler pro-
jectile points were apparently never used by Neanderthals, so
why their sudden appearance? We are currently working, with
colleagues, on a project which aims at answering these ques-
tions by applying an interdisciplinary approach. Methods from
archaeological and biomaterial science research fields will be
combined to investigate material properties such as the split-
ting and fracturing behavior of different antler tissues, and to
examine use wear through simulated hunting situations with
experimentally prepared antler projectile points (Tejero 2014).
These goals will provide insights into whether the first
European H. sapiens distinctively decided which antler mate-
rial to use for what purpose and tool, and yield explanations
from a material science point of view for the behavior of antler
tissue during processing and usage as a weapon.

To conclude, it seems that after decades of research, the
first Modern Human osseous hunting weapons have not yet
yielded all their secrets. To do this, we must not see them as
an end, but as a means to approach one of the most fascinat-
ing aspects of prehistory: those related to hunting and subsis-
tence of the Paleolithic hunter-gatherers.
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Projectile Weaponry from the Aurignacian to the Gravettian
of the Swabian Jura (Southwest Germany): Raw Materials,

Manufacturing and Typology
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Abstract Here we describe the variability of projectile
points made from bone, antler, and ivory recovered from
cave sites in the Ach and Lone Valleys (Swabian Jura),
focusing on Aurignacian and Gravettian assemblages. Based
on the faunal provenience of the points, we recognize a dis-
tinctive change in raw material use from the Aurignacian to
the Gravettian: during the Aurignacian antler was used for
the small split-base points, bone for highly variable points,
and ivory for the comparatively large and unstandardized
points. During the Gravettian hardly any antler points have
been found and bone points were manufactured from mam-
moth ribs. The raw materials tend to be associated with a
specific type of point and chaine opératoire.
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Introduction

The aim of this chapter is to give an overview of those
points made from bone, antler, and ivory dating to the
Aurignacian and Gravettian assemblages of the Swabian
Jura. This area includes the sites of Hohle Fels,
Geillenklosterle, Sirgenstein, and Brillenhdhle, which are
located in the Ach Valley between the towns of Blaubeuren
and Schelklingen. The other cluster of cave sites of interest
is located in the Lone Valley and includes Vogelherd,
Hohlenstein-Stadel, and the Bockstein-complex (Fig. 6.1).
Both valleys are branches of the Danube River. There
seems to be a clear preference in raw material for
Aurignacian and Gravettian people; while antler and ivory
were the preferred raw materials during the Aurignacian,
Gravettian points seems to be exclusively made of ribs,
preferably mammoth ribs. These different raw material
preferences had implications for the shape as well as for
the functional properties of the points.

Research History of the Swabian Jura

The Swabian Jura has been the site of many archaeological
and paleontological excavations since the mid-nineteenth
century, and excavations are still ongoing today. Most of the
investigated Paleolithic sites contain either Aurignacian,
Gravettian, or both, techno-complexes within their deposit.
In order to better understand the osseous technology to be
described below, we provide a brief excavation history of
the key sites of the Swabian Jura.

The first excavations in the renown Hohle Fels Cave near
Schelklingen were conducted in 1870/71, and the University
of Tiibingen has conducted yearly excavations at this site
almost every year since 1977 (Hahn 1989; Blumentritt and
Hahn 1991; Conard et al. 2000). At this site, the archaeological

71

Michelle C. Langley (ed.), Osseous Projectile Weaponry, Vertebrate Paleobiology and Paleoanthropology,

DOI 10.1007/978-94-024-0899-7_6


mailto:sibylle.wolf@ifu.uni-tuebingen.de
mailto:nicholas.conard@uni-tuebingen.de
mailto:susanne.muenzel@uni-tuebingen.de
mailto:krista.dotzel@uconn.edu
mailto:Martina.Barth@mk.sachen-anhalt.de

S. Wolf et al.

Fig. 6.1 Map of the caves of the eastern Swabian Jura: (1) Kogelstein; (2) Hohle Fels; (3) Geiflenklosterle; (4) Sirgenstein; (5) Brillenhdhle; (6)
GroBle Grotte; (7) Haldenstein Cave; (8) Bockstein; (9) Hohlenstein-Stadel; (10) Vogelherd. Map: University of Tiibingen

horizons IIb to Ilcf are Gravettian and date between 27,000
and 29,500 in uncalibrated calendar years. The Aurignacian
layers, Ild/e, III, IV, Va and Vb have provided dates between
29,500 and 35,700 years BP (Conard and Bolus 2003, 2006,
2008; Conard 2009).

Robert R. Schmidt excavated the Sirgenstein Cave, which
liesin the valley between Hohle Fels Cave and Geiflenklosterle
Cave, in 1906 (Schmidt 1907, 1912). The Gravettian and
Aurignacian layers here are designated II, III, IV and V and
were occupied between 26,700 and 30,200 years BP (Conard
and Bolus 2003, 2008). Joachim Hahn conducted excava-
tions in the Geiflenklosterle Cave between 1974 and 1991
(Hahn 1988). In 2001 and 2002 Nicholas J. Conard contin-
ued the work at this cave until he reached bedrock (Conard
and Malina 2002, 2003). The Gravettian horizons Ip to Ic
indicate an age between 24,400 and 32,900 years BP while
the Aurignacian layers II and III date to between 29,300 and
39,000 years BP (Richter et al. 2000; Conard and Bolus
2003, 2008; Higham et al. 2012). Excavations at Brillenhéhle
took place between 1955 and 1963 (Riek 1973). The
Gravettian layers VII and VIII provide two old dates between
25,000 and 29,000 years BP (Riek 1973). The deeper layer,
XIV, revealed only two Aurignacian points, which were

directly dated to 30,4004+240/-230 years BP and 32,470+270/-
260 years BP respectively (Bolus and Conard 2006).

During his excavations in the Vogelherd Cave in 1931
Gustak Riek completely emptied the cave of sediments,
dumping the backdirt onto the hill surrounding the cave
(Riek 1934). The layers richest in finds were the Aurignacian
layers IV and V, dating between 30,000 and 36,000
years BP. In contrast to these rich layers, Riek did not dis-
cover many Gravettian remains. Between 2005 and 2012 the
Department of Prehistory and Quaternary Ecology of the
University of Tiibingen excavated the back dirt sediments of
Riek’s excavation. Because of the relatively rough excava-
tion methods of the time of 1931, the new excavation was
quite successful in finding an abundance of new artifacts,
especially small finds (e.g., Conard et al. 2007, 2010). These
artifacts, however, have no stratigraphic context and must be
studied in tandem with finds from sites with well-documented
stratigraphies.

Hohlenstein-Stadel, known for its famous lion-man
(Schmid 1989; Kind et al. 2014), contains Aurignacian lay-
ers dated to between 31,500 and 35,000 years BP, but no sig-
nificant Gravettian layers. The first significant archaeological
investigations at Hohlenstein-Stadel took place between
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1937 and 1939 by Robert Wetzel (1961). Between 2008 and
2013 Claus-Joachim Kind led excavations in front of and
inside the cave (Kind and Beutelspacher 2010; Beutelspacher
et al. 2011; Beutelspacher and Kind 2012; Kind et al. 2014).

Excavations at Bockstein Cave occurred on and off
throughout the late nineteenth century through to the first
half of the twentieth century (Schmidt 1912; Wetzel 1958;
Wetzel and Bosinski 1969). The cave, as well as its entrance
(Bockstein-Torle), has produced Aurignacian and Gravettian
artifacts, however, the layers have proven difficult to distin-
guish from one another (Wetzel 1954; Kronneck 2012). The
dates for the archaeological horizons IV to VI are between
20,400 (no AMS date) and 31,500 (AMS) years BP (Conard
and Bolus 2003, 2008).

In 1972, Gerd Albrecht, Joachim Hahn, and Wolfgang
Torke from the Institute of Prehistory and Quaternary
Ecology of the University of Tiibingen conducted the first
and only systematic review and analysis of all organic pro-
jectile points from the Swabian Jura. They compared the
Swabian points with other Aurignacian points from across
Europe and conducted their analysis using innovative meth-
ods such as coding attributes and including statistical analy-
sis (Albrecht et al. 1972). Since that time, however, many
new projectile points have been excavated and no updated
overview has been published. Here we update this work
some 40 years later.

Materials and Methods

For the purposes of this chapter, we describe organic projec-
tile points based on the criteria put forward by Albrecht et al.
(1972; Fig. 6.2), and have thus measured the maximum
length, width, and thickness of each point or point fragment.
The main attribute of this artefact category is a pice from
osseous material shaped into a pointed form. Projectile
points are distinguishable from awls or other such pointed
artifacts by their extensive shaping. They were whittled,
scraped, or ground on all sides so that the artifact morphol-
ogy is the result of carefully controlled manufacturing. In
addition, these artifacts possess bases shaped in such a way
to facilitate hafting.

During the Aurignacian and Gravettian different raw
materials are documented for the production of projectile
points. The people used bone, woolly mammoth ivory, and
reindeer antler and each raw material possesses different
properties that determine the manufacture and the function
of the points (Albrecht 1977).

The identification of antler and ivory raw material is rela-
tively simple, especially when compared to identifying the type
and element of bone that was utilized as raw material for a
point. Often only ribs can be identified, as these points exhibit
a typical rib spongiosa (cancellous bone) on one side covered
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Fig. 6.2 Dimensions of a point. After Albrecht et al. (1972)
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by a ‘spongy’ compacta (Miinzel 2005). Another possibility is
to use DNA to identify the animal and this method has been
used to identify the raw material of the numerous Aurignacian
bone points of Potocka zijalka, a high Alpine cave located in
Slovenia. These latter points were probably made from cave
bear long bones (Hofreiter and Pacher 2004).

Middle Paleolithic Points

Researchers have documented a handful of bone points
ascribed to the Middle Paleolithic, though currently no
ivory points have been identified for this period (Gaudzinski
et al. 2005). In Germany, the first bone points appear dur-
ing the Middle Paleolithic at the site of Salzgitter-
Lebenstedt (Gaudzinski 1998). At this site, Neanderthals
fashioned mammoth fibulae and ribs into pointed tools. At
Vogelherd in the Swabian Jura, a similar tool, made of a
split mammoth rib, has been documented from the late
Middle Paleolithic layer VI. This tool is well preserved,
with both the tip and the base whole. In addition, a mas-
sive-based bone point made from a horse-sized rib was
excavated in 1931 (Bolus and Conard 2006; Fig. 6.4: 11).
This point was recently directly dated to 31,310+240/-230
years BP, which, if correct, suggests it may instead origi-
nate from the Aurignacian. The Swabian site of ‘Grofie
Grotte’, in the Ach valley, also produced a point from late
Mousterian layers. This piece is a carefully worked antler
point made from either reindeer or red deer (oral comm.
Miinzel 2013), and exhibits splintering at the tip, indicating
it was well used (Wagner 1983).

Aurignacian Points

Aurignacian projectile points in the Swabian Jura all fit into
one of two categories; massive-base points or split-base points.

Massive-Base Bone Points

These points take a variety of forms but generally have solid,
rounded bases that were hafted by inserting them into a
hollowed-out shaft. Most of the Aurignacian sites in the
Swabian Jura have produced massive-base points, albeit not
more than a few artifacts each. These points are highly vari-
able in terms of shape and size. In particular, massive-base
points are known from Sirgenstein, Hohle Fels,
Geifenklosterle, Brillenhohle, Bockstein-Torle, Hohlenstein-
Stadel, and Vogelherd. These finds are described below.

In 1912, Robert R. Schmidt published a bone massive-base
point recovered from Sirgenstein (Albrecht et al. 1972, Taf. 3,

24). Five fragments of antler points have been found at Hohle
Fels, and one of these is likely a part of a split-base point (Fig.
6.4: 1). One bone massive-based point was also found here
(Fig. 6.5: 4), and is a medial-proximal fragment made of mam-
moth/rhino rib. At Bockstein-Torle, excavations recovered two
bone points with massive bases (Albrecht et al. 1972; Fig. 6.3:
1 and 3), while Hohlenstein-Stadel has revealed two bone
massive-base points (Albrecht et al. 1972; Fig. 6.3: 2 and 4).
Similarly, Brillenhthle has produced two incomplete points
from layer XIV (Riek 1973; Bolus and Conard 2006). One is
probably a split-base point made of antler, while the other is a
medial fragment of a bone massive-base point. Both have been
recently dated revealed with the split-base point returning an
age of 30,400+240/-230 years BP, and the massive-base point
32,470+270/-260 years BP (Bolus and Conard 2006).

Vogelherd has produced the greatest number of massive-
base bone points from the Swabian Jura (n=6). These points
come from layers IV and V, as well as from the recent back
dirt excavations. The points from Vogelherd are highly
variable (Fig. 6.4: 6-8). Three of the points are oval in cross-
section (except for the narrowing tip which is sub-circular in
section) and resemble split-base points in both size and shape.
Two of the points are lozenge-shaped and were probably quite
similar in size when complete. The last point is substantially
different to the others (number 33/73_127). While the others
have thicker oval or rectangular cross-sections, this point is
quite flat, with a length and width much longer than the
others. These massive-base points are all made of antler.

Interestingly, Geilenklosterle Cave produced no bone
massive-base points despite its rich variety of other osseous
artifacts. The only known point varieties from this cave are
antler split-base points and ivory points with massive or dou-
ble beveled bases.

Split-Base Points

Split-base points are found at many Aurignacian sites
throughout Western and Central Europe (Albrecht et al.
1972; Knecht 1990), and take their name from the character-
istic slit up the middle of their base. Aside from the split-
base, these points can take a variety of shapes and sizes.
Almost all split-base points are made from antler rather than
bone, which is most likely owing to the specific biomechanical
properties that antler possesses as a raw material. Antler is
not as brittle as bone, with several researchers who have
experimented with antler reporting that it is more pliable and
easier to work than bone, especially when wet (Newcomer
1977; Bonnichsen 1979; Guthrie 1983; Tartar and White
2013). Given that many other forms of organic projectile
points are made from bone instead of antler, it may be the
case that antler is especially good for creating the character-
istic split-base morphology.
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Fig. 6.3 Examples of Aurignacian points. Bockstein-Torle: (3) massive-base point, (1) point fragment; Hohlenstein-Stadel: (2, 4) massive-base
points; Bockstein Cave: (5) split-base point. Drawings after Albrecht et al. (1972), Taf. 2
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Fig.6.4 Examples of Aurignacian points. Hohle Fels: (1-2) fragments
from Hohle Fels IV, (3) split-base point from Hohle Fels Vb; Vogelherd
VI: (11) massive-base point; Vogelherd V: (4,5, 9, 10) split-base points,

The manner in which Aurignacian manufacturers created
the split in their points has been somewhat of a contentious
issue. Henri-Martin (1931) and later Knecht (1990) both argue
that the split was created by simple cleavage to the basal end.
Recent experimental work by Tartar and White (2013), how-
ever, found that splitting a point through simple cleavage was
almost impossible. Instead they argue for a combination of
Peyrony’s (Peyrony 1935) and Henri-Martin/Knecht’s

(6) massive-base point; Vogelherd IV: (7-8) massive-base points.
Drawings 1, 2 after Conard et al. (2004), 3after Conard and Malina
(2009), 4 — 11 after Albrecht et al. (1972), Taf. 4

method. They found that the most effective way to create the
split was to cut transversal incisions onto the faces of a long
blank where the desired base would be. They would then flex
the blank on both sides until the force split the base (Peyrony
1935), which was then extended through cleavage. This cre-
ated characteristic debitage in the form of a ‘tongued piece’.
This technique simultaneously created the ‘tongued piece’, the
split, and removed material from inside of the wings of the
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Fig. 6.5 Examples of Aurignacian points (1-4). Examples of base points (5-6), double beveled base (7), single beveled base (8).
Gravettian points (5-8). Hohle Fels AH IV (1, 2, 4), Hohle Fels AH Va  Drawing 1 after Conard and Malina (2009), 2 after Conard and Malina
(3), Hohle Fels AH IIb (5-6), Brillenhshle AH VII (7-8). Ivory (1-3),  (2006), 3 after Conard et al. (2003), 4 by R. Ehmann, 7 after Riek
mammoth/rhino rib (4-6), antler (7), unidentified bone (8). Massive-  (1973), pl. 13, 10, 8 after Riek (1973), pl. 14,7
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point. While this argument is convincing, this construction
method necessarily creates tongued pieces as debitage, which
have not been observed in the Swabian Jura. Furthermore,
Vogelherd has produced a handful of antler artifacts that
appear to be point blanks roughly the size and shape of fin-
ished split-base points but which lack the split. If these arti-
facts are indeed split-base point blanks, this suggests that
perhaps simple cleavage was, in fact, the preferred splitting
method in the Swabian Jura. To construct a projectile point in
the Swabian Jura then, it appears Aurignacian manufacturers’
first extracted blanks from the compact part of the antler and
shaped them into a roughly projectile point shape. Then the
manufacturer would attempt to split the basal section of the
blank through cleavage. If the split was successful, the final
step would be to scrape the point blank into its final shape.

The split-base morphology almost certainly reflects a
hafting mechanism. Based on her extensive experimental
data, Knecht (1991) argues that a split-base allows hafting
without the use of adhesive materials, if the distal end of a
spear shaft was hollowed out into a U-shape to insert the
base. To keep the points firmly fixed in the shafts,
Aurignacian manufacturers would then insert a wedge
inside the slit in order to splay the wings against the wood.
Other researchers, such as Linda Owen (2005), however,
suggest that split-base points were used as weaving or sew-
ing tools rather than projectile points. Microscopic obser-
vations of split-base point tips, however, have shown
impact fractures that are consistent with use as projectiles
(Dotzel et al. in prep.; Tejero 2016).

Split-base points occur at several of the Aurignacian sites
in the Swabian Jura, including Vogelherd, Geilenkldsterle,
Brillenhohle, Hohle Fels, and Bockstein Cave. Vogelherd
has produced by far the most split-base points out of the
region with a total of 27 whole and fragmented points, fol-
lowed by GeiB3enkldsterle with 11 (Hahn 1988; Liolios 1999;
Teyssandier and Liolios 2003; Dotzel 2011). The other three
sites, however, have only produced one split-base point each.

The split-base points from Vogelherd and Geilenkldsterle
are a relatively homogenous group when compared with
Aurignacian simple-based points. Unbroken points from
these two sites range in length from 51 to 115 mm, with
widths from 7 to 12 mm, and thicknesses from 4 to 7 mm.
These points tend to be shorter and narrower than other vari-
eties of organic projectiles, as well as split-base points from
other regions (Albrecht et al. 1972). In terms of shape, the
split-base points from these two sites also tend to be similar.
Most of the points fall into one of two shape categories;
‘curved’ points and ‘triangular’ points. Triangular points are
widest near their bases and feature straight lateral edges that
taper evenly into a point with an overall shape that most
closely resembles a triangle. Curved points, on the other hand,
show lateral edges that are more rounded and gently slope

toward the point. The maximum width of the latter type can
occur anywhere along the shaft. Points from these sites also
commonly feature cross-sections that resemble thick ovals or
rectangles with rounded edges. While individual points from
these sites vary in size and shape, makers usually adhered to
a set range of patterns (Fig. 6.4: 4, 5, 9, 10).

The split-base points from Brillenhohle, Hohle Fels, and
Bockstein-Hohle, on the other hand, vary wildly both in
form and size. The point from Hohle Fels is the smallest,
nearly whole, split-base point in the Swabian Jura with a
length of 51 mm, a width of 4 mm, and thickness of 3 mm.
The piece derives from the deep layer Vb (Conard and
Malina 2009; Fig. 6.4: 3), demonstrating that already in the
very early Aurignacian this fossile directeur is present. The
near complete split-base point from Bockstein-Hohle repre-
sents the other side of the spectrum with a length spanning
148 mm with a maximum basal width of 33 mm (Fig. 6.3:
5). In contrast to the Vogelherd, Geilenklosterle, and Hohle
Fels split-base points, this artifact is quite flat, with a thick-
ness of just 6 mm. Finally the split-base point from
Brillenhohle has a width of 23 mm and a thickness of 6 mm,
making it a wide and flat basal fragment featuring straight,
tapering, lateral edges. These three points show that split-
base points were not standardized throughout the entire
Swabian Aurignacian, even if the points from Vogelherd
and GeiBenklosterle were kept within a narrower range of
morphologies and sizes.

Ivory Points

Ivory points were frequent throughout the Aurignacian times
and were produced during all phases of the Swabian
Aurignacian. The ivory of a mammoth tusk is composed of
60 % dentin, 30% collagen and 10% water (for detailed
information see Locke 2008), making it an excellent raw
material due to this unique composition which makes it
extremely hard while also being elastic. Ivory appears to
have been especially useful for constructing various tools
and personal ornaments during this period (Wolf 2015). It
was advantageous and attractive as a raw material because
different forms in a variety of sizes could be carved from the
massive dentine. The unique luster of ivory was also most
likely a desirable trait (Conneller 2011), and in many cases
the ivory points exhibit personalized characteristics, which
demonstrate the expression of individuality.

To obtain ivory, people during the Aurignacian and
Gravettian periods either hunted mammoths or collected
tusks from the animals that perished in the landscape. So
far, the evidence points more to systematic collection of
tusks rather than hunting (Niven 2006; Wolf 2015). There
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are different methods for breaking down a tusk to create
ivory projectile points. Manufacturers could: (1) etch a
notch around the circumference of the tusk and then snap it;
(2) split it length-wise into two halves; or (3) smash it using
direct percussion (Khlopatchev and Girya 2010). These
methods could also be used in combination. After the initial
breaking down the ivory, manufacturers would use the
groove and splinter technique to extract raw forms in the
shape of long and slender rods. To obtain suitable blanks,
Aurignacian and Gravettian people must have used the
groove and splinter technique of blank extraction rather
than try to flake the material as even a large flake is not
regular enough to create a rod with the consistent thickness
and length needed for a point longer than 200 mm. After the
initial blank extraction, manufacturers would have chopped,
scraped, ground, and smoothed the point until it reached its
intended size and shape (Semenov 1957; Christensen 1999;
Liolios 1999; Wolf 2015). Except for acquiring the ivory, all
steps of the production sequence are documented in the col-
lections of the Hohle Fels, Geilenklosterle and Vogelherd.

Ivory points were an important part of the Aurignacian
toolkit. Altogether, 29 artifacts including five complete
pieces are preserved in the archaeological record. These
points show a great variety in size and shape but are all
highly polished. In the Hohle Fels Cave, points (n=11) have
been excavated from all Aurignacian layers (Fig. 6.5: 1-3).
These points show high variability in both form and size.
Five pieces possess a massive base, one piece shows a dou-
ble beveled base, and five points have bases which are inde-
terminate owing to preservation. The lengths of the
completely preserved points vary between 93 and 238 mm.
The widths vary between 6.5 and 40 mm, and the thickness
between 6.2 and 14 mm. These points include a well-pre-
served ‘Lautscher’ or ‘Mlade¢’ point (230 mm in length;
Fig. 6.6), as well as a basal fragment of this same point type
which would have been around the same size. The bases of
these points bear an engraved cross-hatch pattern, likely to
facilitate hafting. Two pencil-shaped pieces with a massive
base and a round cross section have also been found. These
pencil-shaped pieces have similar dimensions, except in
length. One thick point even displays a curved groove on
one side, which could be interpreted as a personal marking.
The production sequence at Hohle Fels is well documented.

The excavations at Geilenklosterle produced points in
the Aurignacian layers II and III (n=5). Three pieces possess
double beveled bases and two pieces have massive bases.
They measure between 8 and 14 mm in width and between
6.5 and 11 mm in thickness (Hahn 1988).

At Vogelherd, three points came from layer V while the
recent back dirt excavations produced an additional 13 items.
At present about two thirds of the sediments from the excava-
tions have been wet screened and sorted, so future work at

Vogelherd may produce additional finds. So far, four pieces
from Vogelherd have massive bases, four have double beveled
bases, and the bases of five points remain undetermined. The
length of the points with massive bases averages 4.6 mm and
the width averages 0.9 mm. The artifacts from Vogelherd are
generally consistent in size and shape and are relatively small.
The manufacturers did carve points on site out of rods, though
most of the ivory rods were used for the production of beads.

In summary, split-base points were made from antler and
are quite numerous, while specimens made with a massive
base are made either from bone or antler and are less numer-
ous in comparison. Points made of ivory are again more fre-
quent in their appearance in the Aurignacian record.

Gravettian Points

In the Swabian Jura, the Gravettian has been found only in
the caves of the Ach Valley, including Hohle Fels,
Geillenklosterle, Brillenhohle and Sirgenstein. The
Gravettian layers of all of these caves with the exception of
Sirgenstein have produced a variety of tools and jewelry
made of organic raw materials. The species that provided the
majority of the raw material for organic tools were also the
main game species and included mammoth, reindeer, and
horse. More than 60 medial and 10 distal fragments derive
from the Gravettian layers of these three cave sites. Raw
material, similarities in shape, morphology, and cross-section
as well as signs of impact-induced breakage suggest that
these pieces, as well as some of the described basal frag-
ments, should be interpreted as projectile points. The shape
of the tips ranges from very pointed to rounded and blunted.
Some of them show evidence of having reshaped tips through
scraping (Barth 2007; Barth et al. 2009:14).

In contrast to the Aurignacian, Gravettian points were
manufactured mainly from mammoth ribs and unidentified
ribs of mammoth- to rhino-sized species (Miinzel 2001, 2004,
2005), however, ribs of horses or of horse- to deer-sized ani-
mals and antler were also used. As very little on-site produc-
tion of antler tools is recorded, we can assume that the few
antler points found were brought as finished products into the
caves of the Ach Valley (Barth 2007; Barth et al. 2009:16).

Production Sequence for Mammoth Ribs

Mammoth ribs used for projectile points were processed on-
site in a standardized fashion. First they were notched along
the edges on both sides to facilitate splitting (Miinzel 2004:77,
Figs. 5, 6). These split rib blanks could then be shaped into
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Fig. 6.6 Lautscher/Mladec point from Hohle Fels AH IV. Photos by H. Jensen. Drawings after Conard and Malina 2007

different tools with several possible functions. They could be
used as chisel-/wedge-like tools, used as burnishers or
smoothing tools, or manufactured into projectile points. To
manufacture the points, the split rib halves were ground along
the edges and smoothed on both sides until they developed a
typically circular, oval, or rectangular cross-section. At
Geillenklosterle and Hohle Fels, all stages of this production
sequence are well documented on-site (Barth 2007). Bone
points from Brillenhohle show the same manufacturing pat-

tern (Riek 1973; Barth 2007). The length of the mammoth
ribs as well as their straightness may have been an important
prerequisite for the production of projectile points.

Among the complete and near complete preserved mam-
moth rib points (n=7), along with the clearly classifiable
point fragments (n=23), four different point types could be
identified (Barth 2007). These include: points with massive
base, those with a single beveled base, with a double beveled
base, and points a base machonée.
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Points with a Massive Base

Altogether four nearly complete points with round bases
come from the Gravettian layers in Brillenhohle (n=2) and
Hohle Fels Cave (n=2). They are made of mammoth ribs,
except for one specimen of non-identifiable bone from
Brillenhohle. One point from Hohle Fels (145 11x8 mm)
is cylindrical in shape (Fig. 6.5: 6). The cross-section is
partly oval, partly rectangular. The base and the lower medial
part are incised with a few irregular, parallel, transversal
lines. The tip is splintered at one side. The other point is
larger (201 x 15 x 12 mm) and broke into four fragments after
being deposited (Fig. 6.5: 5). The cross-section changes
from rectangular to oval at the terminal end. The base is
slightly splintered and the tip is a little weathered. Compared
to the points from Hohle Fels, the two specimens from
Brillenhohle are short and stocky (97x14x8 mm;
113x12%9 mm). Their shapes are cylindrical and slightly
converging with round and oval cross-sections.

There are 20 basal fragments from Hohle Fels (n=3),
Geilenklosterle (n=8) and Brillenhohle (n=9). All bases
from GeillenklGsterle, eight from Brillenhohle, and one
from Hohle Fels are made of mammoth ribs. Reindeer ant-
ler served as raw material for one point only from Hohle
Fels and another from Brillenh6hle. Most bases are slightly
splintered, and two bases from Geiflenklosterle and
Brillenhohle carry parallel, transversal incisions. One ivory
basal point fragment was found in layer IIb in Hohle Fels
(130 x45 mm; Hiller 2003:18). This artifact has an irregu-
lar shape with the lower part of the base showing a scraped
surface, while the pointed distal part is polished. In this
case, the polish and further smoothing was likely carried
out after the mounting or wrapping. So far, this artefact is
the only ivory point known from the Gravettian of the
Swabian Jura.

Points with a Single Beveled Base

Two points with single-beveled bases derive from layer VII
of Brillenhohle (Riek 1973: Fig. 13.9 & 14.7). One specimen
is near complete. Its tip is tapered - suggesting that it was
reworked after breaking—and broken. The other piece is a
basal fragment with no further features (Fig. 6.5: 8). The bone
used as raw material could not be further identified as the
specimen was not available for reanalysis (Barth 2007:81).

Hohle Fels produced a basal fragment from layer IIc man-
ufactured from mammoth rib. This piece is flat and slightly
bent with a concave surface showing many parallel inci-
sions, partly overlying each other. Unfortunately, it is too
fragmented to clearly identify if it is, in fact, a point with a
single beveled base.

Points with Double Beveled Base

Two examples of this point type were recovered from the
caves of the Ach Valley. One near complete specimen from
layer VII of Brillenhohle is made of antler, probably reindeer
(Fig. 6.5: 7). Its tip is broken and slightly drawn-in at one
edge, perhaps indicating reworking of the tip. The double
beveled base is roughened with chatter marks on the flat sur-
faces as well as on one edge.

The second double beveled base point is a basal fragment
made from a mammoth rib recovered from layer Ilcf at
Hohle Fels Cave. Parallel and oblique incisions are present
on both sides of the base.

Point a Base Machonée

In layer Ilc of Hohle Fels Cave there is one small point
(66 x 6 x4 mm) produced from bone of an unidentified bear-
to horse-sized animal. The tip is splintered and the base is
tapered by raclage en diabolo (Barth 2007:43). At Gravettian
sites in France, this technique was used as a technique of
debitage, as well as a technique for repairing broken projec-
tile points, so-called points a base machonée (Goutas
2004:146 & 573ff.). The specimen from the Hohle Fels is
maybe an example of this type of manufacturing or mainte-
nance activity (Table 6.1).

Discussion

Altogether 88 projectile points are known from the
Aurignacian and 30 date to the Gravettian. These artifacts
are common owing to the long research history in the
Swabian Jura, and the detailed excavation methods uti-
lized. While a gapless stratigraphic transition from the
Aurignacian to the Gravettian is well documented in the
caves of the Ach Valley (especially at Geilenklosterle and
Hohle Fels), the Lone Valley produced scarcely any archae-
ological remains from the Gravettian (though rich in the
Aurignacian).

The large mammal composition is broadly similar during
the Aurignacian and Gravettian (Miinzel and Conard 2004a,
b). The caves of the Swabian Jura have revealed typical
species of the Mammoth-steppe environment, such as mam-
moth, woolly rhinoceros, wild horse and reindeer. There is,
however, a difference in the number of cervid species
between the two time periods. During the Aurignacian four
different cervids were present in the Ach Valley, namely
giant deer, red deer, roe deer and reindeer. Each of these
cervids requires different nutritional needs and represents
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Table 6.1 Total number of points and fragments of points of the Swabian Aurignacian and Gravettian

Ach Valley Lone Valley

Point type/ Hohle Geiflen- Sirgenstein  Brillenhéhle  Vogelherd Hohlenstein Bockstein  Bockstein-  Total

Site Fels klosterle Cave Torle
Aurignacian ~ Massive 1 1 1 2 2 7

base (bone)

Massive 11 5 13 29

base (ivory)

Massive 5 6 11

base (antler)

Split-based 1 11 1 27 1 41

(antler)

Total 18 16 1 2 46 2 1 2 88
Gravettian Massive 3 8 10 21

base (bone)

Massive 1 1

base (ivory)

Massive 1 1 2

base (antler)

Single 1? 2 3

beveled

Double 1 1 2

beveled

a base 1 1

machonée

Total 8 8 - 14 - - - - 30

different ecological niches. During the Gravettian period,
however, only reindeer and red deer remained. This seems to
indicate a climatic deterioration from the Aurignacian to the
Gravettian in connection with the upcoming Last Glacial
Maximum. This shift is also reflected in the avifauna from
Geifenklosterle (Kronneck 2009). For carnivores such a
shift is not visible, since their diet is based on the presence of
game. Species such as cave and brown bear, hyena, lion,
wolf, red and arctic fox are continuously present throughout
both cultural periods.

Species which provided raw material for organic points,
such as mammoth and reindeer, are present in both techno-
complexes, but show a considerable bias towards specific
elements. Concerning the sites in the Ach Valley, mammoth
is mainly represented by ribs and ivory, with hardly any long
bones, short bones or molars found. Similarly, reindeer is
mainly represented by antler and metatarsi, which are ele-
ments important for tool making. Interestingly, a consider-
able change in the raw material preferences is seen from the
Aurignacian to the Gravettian, even if there is no obvious
shortage of one of the species (Miinzel 2001, 2004). During
the Aurignacian, reindeer antler and mammoth ivory were
favored for point production. The manufacturers exclusively
used antler to produce split-base points while ivory was used
for a wide variety of point types.

Ivory points appear with the beginning of the Aurignacian
and are present until the Gravettian. Except for the Lautscher
point, which is characteristic for the Aurignacian, the ivory
points of the Swabian Jura, in general, are not diagnostic for
chronological purposes. This situation contrasts with the
split-base point which appears from the very beginning of
the Aurignacian and lasts until its end in the Swabian Jura
(Bolus and Conard 2006). For the Swabian Aurignacian in
general, the split-base point is used as a fossil directeur.
Organic projectile points were abundant during the Swabian
Aurignacian, and bone, antler, and ivory were used in ways
well suited to the different qualities of each material. The
Aurignacian people were intimately familiar with the prop-
erties and characteristics of the materials and knew how best
to exploit them.

In comparison with the Aurignacian, almost all points
from the Gravettian were manufactured from ribs. These ribs
were from large mammals, such as mammoths, mammoth-
to rhino-size animals, or horse-sized animals. These points
made of mammoth ribs are a characteristic feature of the
Gravettian layers at Geilenklosterle, Hohle Fels Cave, and
Brillenhohle (Barth 2007), and demonstrate a change from
the utilization of antler and ivory to that of mammoth raw
material within the Early Upper Paleolithic. According to
Knecht (1991:235) the distribution of these “mammoth rib
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Fig. 6.7 Scatter plot of all complete or near complete point dimensions of the Swabian Aurignacian and Gravettian

points” is temporally and regionally limited to Gravettian
sites in southern Germany. Mammoth ribs are of consider-
able size and the compact bone is thick enough to produce
large projectile points. Shooting experiments demonstrate
that bone points penetrate a carcass as deeply as do antler or
ivory points (Knecht 1991:390), though their mechanical
properties (hardness and brittleness) are less suitable for pro-
jectiles than antler and ivory.

Statistical analysis of the point dimensions found that split
based points are best defined of all the Aurignacian and
Gravettian osseous point types, owing to their tightly con-
strained dimensions (see Fig. 6.7 which only includes com-
plete or almost complete specimens). This result, however, is
not determined or dependent by the chosen raw material (ant-
ler), since thicker points were manufactured with massive
bases from this same material in the Aurignacian. The ivory
points from the Aurignacian have the largest dimensions (see the
Lautscher point), especially in thickness, which is limited for
antler but not for ivory. In the Gravettian there are not enough
complete specimens to exactly define the group of “mammoth
rib points” typical for southwest Germany (Knecht 1991).
However, their width, thickness, and length are similar to those
ivory points of the Aurignacian, and may replace them. The

broader and flatter points with massive bases in the Aurignacian
do not seem to have an analogous form in the Gravettian.

What happened during this transition from the Aurignacian
to the Gravettian, and how do we explain this obvious change?
Conard et al. (2004) postulated four different scenarios for
the transition of the Aurignacian to the Gravettian in the
Swabian Jura:

1. The local, gradual emergence of the new Gravettian
material culture;

2. A fast development of the Gravettian in situ;

3. An extinction or migration of the Aurignacian people,
followed by the arrival of the Gravettian people; or

4. A rapid adoption of the new artifact forms characteristic
of the Gravettian from other regions with or without
significant migration of people.

Based on the analysis of the lithic artifacts from
Geiflenklosterle and Brillenhdhle, Moreau argued for a
regional development of the Gravettian out of the Aurignacian
in the Swabian Jura (Conard and Moreau 2004; Moreau
2009, 2012). Bolus supports this hypothesis and states, based
on the available lithic inventories, especially from
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GeiBenklosterle Cave, that the lithics indicate continuity or a
slow transition of the Aurignacian forms to the forms of the
Gravettian instead of a clear break between the two cultures
(Moreau 2009; Bolus 2010; Moreau 2012).

Organic projectile points paint a different picture, how-
ever. We argue that, with respect to the organic artifacts, a
clear break took place between the cultures. As mentioned
above, there is no obvious lack of available animals during
either time period. It is likely that a rapid cultural change
took place around 30,000 uncalibrated radiocarbon years BP.

We cannot, however, totally exclude the possibility that
limitations in raw material might have forced the Gravettian
hunters to use mammoth ribs instead of antler or ivory for
projectile points during that time (Barth et al. 2009).
Rather than using ivory for projectiles, during the
Gravettian it was used almost exclusively for personal
ornaments during this period (Hiller 2003). Furthermore,
the occurrence of mammoth in the Swabian Jura seems to
diminish from the Aurignacian to the Gravettian and then
again towards the Last Glacial Maximum (Barth et al.
2009), which may also help to explain this shift in raw
materials. This is supported by Drucker’s work with stable
isotopes ('3C, '>N). The typical ecological niche of mam-
moth with high 8N and low 8"C values was gradually
replaced during the Gravettian by horses in the Swabian
Jura. This points to a deterioration of the living conditions
for mammoth well before the Last Glacial Maximum
(Drucker et al. 2015).

Furthermore, we know that at least two different systems
of hunting weapons were present during both of these Upper
Paleolithic periods: osseous points and lithic points. This is
luckily reflected in a projectile point found embedded in the
transversal process of a cave bear vertebra, recovered from
the Gravettian layer Ilc in Hohle Fels (Miinzel et al. 2001;
Miinzel and Conard 2004b). This hunting lesion was caused
by a triangular flint tip. With a length of 5 mm and a width
and thickness of 2 mm, this would have been a remarkably
small projectile with which to hunt a cave bear. The use of
bow and arrow has not yet been documented in the
Aurignacian or the Gravettian period. Because of this we
assume that the weapon used in this case was a spear or a
lance with a hafted flint tip, since osseous points with grooves
or notches for inserting lithics are not known for this period.
Furthermore, we know from experimental work with organic
projectile points, that impacts of either lithic or osseous
points are rarely distinguishable in bone (Letourneux and
Pétillon 2008), and thus, leave little clearly identifiable dam-
age on carcasses. This latter situation does not allow us to be
able to clearly identify which prey was hunted with the osse-
ous points.

To conclude, this chapter presented an overview of all
osseous points from the Aurignacian and Gravettian of the

Swabian Jura. It is obvious, especially at Hohle Fels,
Geilenklosterle and Vogelherd, that these exceptionally rich
sites allow a glimpse into the daily life of the first anatomi-
cally modern humans in Central Europe. The sites of the Ach
Valley also provide a very good record of the transition from
the Aurignacian to the Gravettian and the evolution of the
Gravettian technology. Thus, even in this relatively small
assemblage of projectile points from the Swabian Jura, a
technological change in osseous weaponry technology and
systems is well documented.
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