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WHEN DISCARDED BONES BECAME IMPORTANT:
NEW BONE RETOUCHERS FROM THE LOWER SEQUENCE OF
QESEM CAVE, ISRAEL (CA. 300-420 KA)

Abstract
Pleistocene archaeological sites contain a high diversity of bone fragments resulting from activities related
to anthropogenic processing of animal carcasses and other biostratinomic and fossil diagenetic phenomena.
Specifically, intentional bone breakage to access marrow generates a high number of small- and large-sized
bone fragments, which are eventually discarded. Yet, some of these bones are morphologically suitable for
human use and are introduced into the lithic tool manufacturing processes. Here, we present some new
early cases of bone retouchers from the Middle Pleistocene site of Qesem Cave, Israel. This site shows a long
stratigraphic sequence of over 11 m of sediments, dated between 420 and 200 ka by U-series, TL and ESR,
all assigned to the late Lower Palaeolithic Acheulo-Yabrudian Cultural Complex (AYCC). Among the many
technological and socio-economic innovations of this post-Acheulian/pre-Mousterian entity is the use of
bone retouchers. In previous studies we reported nine bone retouchers from the hearth area at the top part
of the lower sequence of Qesem Cave (dated to ca. ~300 ka). Here, we present 15 new items from a deeper
sedimentary deposit located under the rock shelf (> 300 ka, closer to 400 ka). These objects are fragments of
long bone shafts with a slight pattern of selection towards specific ungulate size categories. Nine retouchers
belong to small ungulates, four to medium-sized animals, and two to large ungulates. We suggest that some
of these implements may have played a role in the shaping and/or re-sharpening of Quina and demi-Quina
scrapers, as well as in the shaping of other tools. Bone retouchers became a significant part of knapping
toolkits in the subsequent cultural complexes and served a specific role within lithic reduction sequences.
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Introduction
Bones used for shaping stone tools are prevalent in
late Lower Palaeolithic Europe and in the Levant as
early as MIS 13 (Roberts and Parfitt, 1999; Smith,
2013; Stout et al., 2014). These bone tools vary in

typology (retouchers, compressors, hammers) and
function, and it has become clear that using discarded bone for shaping stone tools is rooted deep
in humanity’s prehistory as a tool maker and hunter.
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The need to incorporate this group of bone tools
within studies of Palaeolithic lithic technology and
subsistence economy has advanced rapidly among
Palaeolithic archaeologists, while the need to provide a cultural context and consider the significance
of this phenomenon clearly demands more thought
and discussion. This paper details an assemblage
of bone retouchers from the Middle Pleistocene
Qesem Cave, Israel, and attempts to view these
tools used for shaping stone tools in their wider cultural context. We will first present the Qesem Cave
archaeological context, and then present the bone
retouchers, and finally make suggestions on the
context and role of bone retouchers at Qesem Cave
that may be relevant to other sites in the region with
bone retouchers, including future discoveries, and
hopefully to an even wider scale.
As an introduction to the topic, we stress that we
are not exploring the old Palaeolithic tradition of
using bone as raw material for making tools, mainly
handaxe-like tools shaped on bones of large animals. Such tools appear in Acheulian sites both in
Europe (e.g., Castel di Guido; Boschian and Saccà,
2014) and in the Levant (e.g., Revadim Quarry; Rabinovich et al., 2012). This tradition of modifying and
shaping tools on bone predates the use of discarded
bone fragments as retouchers; both are part of a
long history of non-dietary uses of bones by hominins, representing primordial undercurrents of the
complex bone-stone relationship (see Zutovski and
Barkai, 2016).

Qesem Cave in context
Qesem Cave is a large karstic chamber cave located
12 km east of Tel Aviv (Figure 1) in a presently
Mediterranean climatic zone, with 500-600 mm of
annual rain, very similar to the environment reconstructed for the area during the late Lower Palaeolithic based on microfauna, fauna, sediments and
stable isotopes (e.g., Gopher et al., 2010; Stiner et
al., 2011; Smith et al., 2013; Maul et al., 2016). The
sedimentary sequence is dated by Uranium-series,
TL and ESR, with over one hundred dates spanning
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MIS 11 to MIS 7, between 420 and 200 ka (Barkai et
al., 2003; Gopher et al., 2010; Mercier et al., 2013;
Falguères et al., 2016), and with good accordance
between the different methods.
Qesem Cave is a Middle Pleistocene site assigned to the Acheulo-Yabrudian Cultural Complex (AYCC) of the late Lower Paleolithic, postdating the Acheulian but predating the Mousterian in
the Levant. Qesem is a well-preserved cave rich in
lithics (e.g., Assaf et al., 2015; Parush et al., 2015)
and faunal remains (e.g., Stiner et al., 2009, 2011;
Blasco et al., 2014), and it also yielded human dental remains (Hershkovitz et al., 2011, 2016). The ongoing field and laboratory work at the cave has provided a major source of information on the AYCC.
The AYCC has matured in recent years into a surprisingly dynamic, innovative local entity, quite distinctly divorced from the preceding Lower Palaeolithic Acheulian. We have suggested that the AYCC,
as a whole, and Qesem Cave in particular, displays a
unique cultural transformation from the Acheulian,
possibly related to local hominin evolutionary processes and the appearance of a new hominin lineage in the Levant (Ben-Dor et al. 2011; Barkai and
Gopher 2013; Gopher and Barkai, 2016; and see
discussion below).
The introduction of bone retouchers is a well established phenomenon from the very beginning of
the Middle Pleistocene AYCC at Qesem Cave (somewhat before 400 ka); yet, it is but one of the many
innovations of this post-Acheulian era. It is reasonable to examine the background and nature of these
changes in the Levant that brought about, amongst
other things, the emergence of bone retouchers as
a distinctive cultural element. We believe that our
intensive studies of these changes in hominin behaviour and adaptation at Qesem Cave in recent years
provide a reasonable arena in which the new bone
retouchers can be contextualized (Barkai and Gopher, 2013; Blasco et al., 2013; Rosell et al., 2015).
Below, we briefly mention selected aspects from
long list of innovations offered by the Qesem Cave
data that may be relevant to the overall site context.
Most conspicuous is the habitual use of fire (Karkanas et al., 2007). A constructed central hearth
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dated to ca. 300 ka was exposed (Shahack-Gross
et al., 2014) and hearth-centred activities were
identified, showing functionally differentiated and
distinct activity areas around it – one dominated by
blade-cutting tools and one by Quina scrapers. A
spatial distribution analysis of the faunal remains
around this hearth indicates further spatial patterning, including a possible tossing zone (Blasco et al.,
2016a).
Another aspect is the economy. The taxonomic
profile at Qesem consists of Palearctic species only,
with fallow deer (Dama cf. mesopotamica) as main
species. This differs from earlier and later faunal assemblages of the southern Levant, which show more
African influences. It is worth mentioning there are
no elephants at Qesem Cave or any other AYCC site
(see Ben Dor et al., 2011; Barkai and Gopher, 2013).
We have indications of cooperative / social hunting
targeted mainly at prime-aged fallow deer (Stiner et
al., 2009; Blasco et al., 2014). On-site butchering
involved a designated tool kit comprising blades
and small, sharp flakes produced by means of lithic
recycling (Lemorini et al. 2015, Parush et al. 2015),
and Quina and demi-Quina scrapers. Unique patterns of cut marks on bones were interpreted as
an indication of meat sharing habits, an important
point concerning hunters-gatherer behaviour (Stiner
et al., 2009, 2011).
Innovative lithic aspects include: 1) raw material
acquisition from near-by and farther afield sources,
including flint quarrying from deep underground
sources as well as a high correlation between raw
materials and tool types; 2) intensive and systematic blade production employing an efficient and
straightforward technology, with naturally backed
knives and a clear component of Upper Paleolithiclike tools, including end scrapers, burins and some
Chatelperron-like points; 3) intensive flint recycling
activities indicative of a few well established trajectories (Barkai et al., 2009; Barkai and Gopher, 2013;
Assaf et al., 2015; Parush et al., 2015); 4) a noticeable, fully fledged presence of “ahead-of-theirtime” Quina scrapers (ca. 420 ka), in addition to
Quina debitage, Quina retouch and re-sharpening.
We should mention the fact that Quina is not very
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well known in the Levant before or after the AYCC
(Lemorini et al., 2016; Zupancich et al., 2016a).
As for human remains, 13 teeth have been found
throughout the sequence to date, none of which
show affinities to Homo erectus (Hershkovitz et al.
2011, 2016). Although they resemble to some extent the anatomically modern human Skhul-Qafzeh
samples of the Middle Palaeolithic Levant, they bear
Neanderthal traits, too. So, they may belong to an
as yet unknown and new, local hominin lineage.

Material and methods
The faunal remains at Qesem Cave are studied
according to the conventional standards published
for zooarchaeology and taphonomy (Binford, 1978;
Lyman, 1994; Stiner, 1994; Blasco et al., 2013;
and references there in). Given the high degree of
fragmentation, most of the remains have not been
identified at the anatomical and taxonomic level.
These specimens have been classified as long bones
(appendicular skeleton), flat bones (cranial, axial
skeleton) and articular bones (patellae, carpal, tarsal, sesamoid bones). To include these specimens
with those identified to the genus/species level,
we established five size categories related to the
estimated body weight of taxa identified in the assemblage following Africanist methodologies (Bunn
et al., 1988; Sahnouni et al., 2013; see details for
Qesem in Blasco et al., 2014), as follows: size class
1, very small size including 1a and 1b (< 20 kg); size
class 2, small size (20-120 kg); size class 3, medium
size including 3a and 3b (120-300 kg); size class 4,
large size (300-1000 kg); and, size classes 5 and 6,
very large size (> 1000 kg). Quantification of skeletal parts is based on number of specimens (NSP) and
number of identified specimens (NISP).
The damage observed on the bone surface has
been treated both macroscopically and microscopically using a stereo light microscope (up to 120x
magnification, oblique cold light source) and a
KH-8700 3D Digital Microscope. The analysis was
completed with an analytical FEI QUANTA 600 Environmental Scanning Electron Microscope (ESEM)
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Figure 2 Examples of recycled blades and flakes (A-B) and scrapers (C) from the hearth unit and the lower sediments under
the rock shelf from Qesem Cave.

operated in low vacuum mode (LV). In the case of
bone retouchers, the identified damage has been
described following the criteria and the terminology related to the orientation, type, distribution
and morphology, established in previous works (Armand and Delagnes, 1998; Malerba and Giacobini,
1998; Patou-Mathis, 2002; Mozota, 2009; Mallye
et al., 2012). This damage consists of pits, defined
as depressions with triangular or ovoid forms on the
bone surface, and striations, which refer to deep incisions with rectilinear, sinuous, concave or convex
delineation. In the same way, the striation texture
surface has been classified as smooth or rough. The

distribution of the striations is noted in terms of
isolated, dispersed, concentrated or superposed. In
cases of concentrated and superposed distributions,
we ascribe the term “use areas”, the locations of
which are described according to width axis (apical,
central, covering and lateral).

Data presentation
The bone retouchers presented here come from two
stratigraphically and spatially distinct assemblages.
The first assemblage originates from an area char-
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acterized by a superimposed central hearth, dated
to about 300 ka, and the zone around it (ShahackGross et al., 2014). The second assemblage originates from sediments under the rock shelf at the
northern part of the cave (Figure 1). The bone
retouchers from the hearth unit were already presented in previous works (Blasco et al., 2013; Rosell
et al., 2015); however, the objectives of this paper,
based on a comparison between the two assemblages, require the description of all items and their
archaeological context.
Hearth Unit
The hearth unit is dated around 300 ka (Falguères
et al., 2016) and it mainly occupies parts of the
central and southern areas of the site, including
the areas associated with the hearth (squares I-J-K-

Hearth unit
Carnivora
Stephanorhinus hemitoechus
Equus ferus

L/12-13-14-15, ~15m2; Blasco et al., 2016a) (Figure
1). This combustion feature displays specific characteristics that point to a certain diachrony in its formation, as at least two major cycles of intensive fire
use can be recognised (Shahack-Gross et al., 2014).
This succession of cycles at the same location in the
cave suggests that the hearth, as a central beacon
in the interior landscape of the cave, has repeatedly
played a role as a focus of hominin activities (Blasco
et al., 2016a). The lithic assemblage of the hearth
area consists of 18,837 items and shows the highest
density of all the assemblages of the cave (6144 per
m3 for the hearth itself; see Gopher et al., 2016), indeed indicating intensive lithic production, use and
discard in this area. The lithic industry of the hearth
is attributed to the Amudian industry and shows a
conspicuous presence of cutting implements, including blades, naturally backed knives and small
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Table 1 Number of specimens (NSP)
and number of identified specimens
(NISP) from the hearth unit and the
lower sequence under the rock shelf.
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Figure 3 Examples of bone retouchers from the hearth unit (including the associated southern area) of Qesem Cave: (A)
long bone shaft of a medium-sized ungulate and details of the percussion striations under ESEM (modified from Blasco et
al., 2013); (B) (from left to right) fallow deer metatarsal, red deer humerus and long bone shaft of a medium-sized ungulate
(B1-B3 modified from Rosell et al., 2015).

sharp items produced by means of lithic recycling
(Figure 2), indicating a set of cutlery densely concentrated in the likely meat roasting area.
The number of faunal remains studied in this sector is 37,304 teeth and bone fragments (Table 1).
The fauna shows a high degree of fragmentation,
most apparent in the area directly associated with

the overlapping combustion features. In this specific point, the bone fragments rarely exceed 2 cm
in length, increasing slightly in the adjacent areas
(Blasco et al., 2014). Generally speaking, the assemblage consists long bone diaphysis fragments of
small-sized ungulates, mostly belonging to Dama cf.
mesopotamica. Remains of other medium-sized un-
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gulates have also been recognised, such as red deer
(Cervus cf. elaphus) and other large-sized ungulates,
including horses (Equus ferus), rhinos (Stephanorhinus hemitoechus) and aurochs (Bos primigenius).
The presence of flat bones and/or bone fragments
belonging to the axial and cranial skeleton of these
ungulates is proportionally very low. Bones belonging to other very small-sized animals have also been
documented, such as tortoises (Testudo sp.) and
some birds (Blasco et al., 2014, 2016b; Sánchez
Marco et al., 2016).
Cut marks, as well as intentional anthropogenic
fractures and burning alterations, are abundant
throughout the assemblage. This indicates a clear association of ungulates and very small-sized animals
(e.g., tortoises) with subsistence activities of the human groups (Stiner et al., 2009, 2011; Blasco et al.,
2014, 2016a, 2016b). On the other hand, carnivoreinduced damage is virtually nonexistent, indicating
few visits of these animals to the cave, if at all.
The studied assemblage from the hearth unit
yielded nine bone retouchers, constituting 0.02%
of the assemblage (Figure 3; Table 2): two limb
bone shafts of large-sized animals, four limb bone
shafts of medium sizes, one red deer humerus, one
fallow deer tibia and one limb bone shaft of a smallsized animal. All these items are broken; up to now
no complete bones were used as bone retouchers at
Qesem. Their lengths range from 58 mm, for a diaphysis fragment of a large-sized animal, to 31 mm,
for a diaphysis fragment of a small-sized animal. The
modifications observed are mainly pits, mostly ovoid
morphology and in two cases triangular, striations
and grooves. The striations and the grooves are rectilinear in nearly all cases. Slightly sinuous striations
are present in two diaphyses of medium-sized animals and one deer humerus. Rough incisions are observed only in the case of one large-sized diaphysis
and one medium-sized diaphysis. In all cases, it is
possible to define a single use area, characterised
by hatched areas in two medium-sized diaphyses
and scaled areas in two medium-sized diaphyses.
Almost all use areas are located in the centre of the
fragments. Only in one medium and one small-sized
diaphysis do we see use areas in a lateral position;

one large and one medium-sized diaphysis have use
areas located in the apical position. Only in the case
of the deer humerus can we mention two use areas,
one located in the centre of the diaphyseal fragment
and another more to the side. In any case, they are
discrete use areas, formed by a relatively low number of percussion marks, indicating a slight to moderate use of these blanks.
The absence of chips and significant loss of cortical tissue suggests that the bone blanks were mostly
used fresh or in an intermediate stage of freshness.
This could be related to the scraping-marks observed
in the use areas of three items, likely associated with
removing the periosteum.
Sediments from the Lower Sequence under the
Rock Shelf
The second assemblage comes from a new chamber discovered under the rock shelf in the northern
part of the cave (Figure 1). According to Gopher
et al. (2010), Mercier et al. (2013) and Falguères et
al. (2016), all the sediments of the stratigraphic sequence under the rock shelf are older than 300 ka.
The sedimentary sequence under the shelf is composed of at least six metres of sediments, as bedrock
has not been reached yet. The uppermost levels of
the sequence under the shelf contain a Yabrudian
lithic assemblage; the sediments directly underneath that are characterized by an Amudian lithic
assemblage (see Parush et al. 2016; Figure 2). Most
of the new bone retouchers presented here originate from a deep sounding under the rock shelf,
some three to four metres below the abovementioned Amudian layer. Three retouchers originate
from the middle part of the sedimentary sequence
under the rock shelf and one was found two metres
below the upper Amudian level. All in all, the bone
retouchers presented here originate from the deepest and medial sectors of the sedimentary column
below the shelf and are older than 300 ka, most
probably closer to 400 ka for the deepest sample.
The lithic assemblages from these contexts are currently under study and seem to belong to an Amudian industry.
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Figure 4 Examples of bone retouchers from the lower sequence of Qesem Cave located under the rock shelf: (A) red deer
femur; (B) long bone shaft of small-sized ungulate; (C) fallow deer metacarpal; (D) long bone shaft of small-sized ungulate;
(E) fallow deer metacarpal; (F) long bone shaft of large-sized ungulate.

So far, a total of 22,273 faunal remains have
been studied from this sector (Table 1). The faunal
composition does not differ to any significant extent from the fauna in the central hearth unit. The
fragments of small-sized ungulates, including Dama
cf. mesopotamica, remain the most abundant, followed by medium and large-sized ungulates, particularly deer (Cervus elaphus), aurochs (Bos primi-
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genius) and horses (Equus ferus). Very large-sized
ungulates, such as rhino (Stephanorhinus hemitoechus), have also been recovered, although they are
present in significantly lower numbers than other
ungulates. As in the hearth unit, tortoise (Testudo
sp.) and bird remains have also been recovered. Following the general dynamics of the stratigraphic sequence of Qesem, the unit under the rock shelf is
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dominated by limb bone fragments, mostly under
30 mm in length.
From a taphonomic point of view, the assemblage does not differ greatly from the hearth unit.
Cut marks remain relatively abundant (NSP = 368),
as do the signs of intentional fracturing (NSP = 280).
Although no combustion structures have been recognised, the number of bones with signs of thermal alteration is still abundant (NSP = 6,644), indicating that the use of fire is already included in the
behavioural pattern of the hominids that inhabited
Qesem Cave from its oldest formation phase. Carnivore modifications are again very scarce.
The total number of bone retouchers identified so far is 15 (Figure 4; Table 2), amounting
to 0.07% of the assemblage, which is only slightly
higher than in the hearth unit. Regarding the bone
blanks selected, we observe greater diversity than in
the hearth area. In this particular case, there seems
to be no preference for animals according to body
size. Percussion marks have been observed on two
limb bone shafts of large-sized animals, two limb
bone shafts of medium-sized animals, one shaft of
red deer femur, one mid-shaft of red deer metacarpal, five limb bone shafts of small-sized animals,
two mid-shaft fragments of fallow deer metacarpal, one shaft fragment of fallow deer humerus
and one shaft fragment of fallow deer tibia. The
longest blank measures 73 mm, represented by a
fragment of a deer femur, and the shortest is 21
mm, a long bone diaphysis fragment of a smallsized animal. However, most are within a range of
35-45 mm. As in the hearth unit, the smooth-textured percussion striations are the most abundant
modification, although some pits of ovoid morphology are also seen, as well as one case of triangular pit morphology. Rough incisions also appear in
five cases. In general, most striations are rectilinear,
although one large and one small-sized diaphysis
show smooth sinuous striations, and one fallow
deer metacarpal fragment exhibits smooth, convex
striations. In seven of the retouchers, the striations
are concentrated in well-defined use areas. However, there are five bone blanks where the striations
are scattered over the entire surface and three with

single, isolated striations. There is no clear trend in
the position of these striations, or in the use areas, on the bone surface. In seven cases the striations or use areas trend towards the lateral position,
while six show damage in the apical position. Two
cases have modifications located in the centre of
the fragment. Only one of the bone blanks, a red
deer metacarpal, bears two well-defined use areas,
which are situated toward both apical ends of the
fragment.
The low intensity with which these objects appear to have been used means that there are very
few overlapping marks. Only one long bone diaphysis shows a hatched area. One large-sized diaphysis,
one red deer metacarpal bone and one small-sized
diaphysis each show pitted areas. Scaled areas are
shown on one red deer femur, one fallow deer humerus and one small-sized diaphysis.
As in the hearth unit assemblage, most blanks
appear to have been used in a fresh or semi-fresh
state. However, one red deer metacarpal bone, one
medium-sized diaphysis and one small-sized diaphysis include some striations associated with chipped,
or exfoliated, surfaces as a result of rapid drying of
the bone from subaerial exposure or fire. As a result, these blanks appear to have been used in a
dry state, indicating a lack of preference in selection
regarding the freshness of the bone blanks.

Discussion
We open the discussion with a general statement
about a bio-energetic model Ben Dor et al. (2011)
proposed for the demise of Homo erectus and the
appearance of a new hominin lineage some 400,000
years ago in the Levant. Explaining this model is especially useful here since the proposed biological
replacement took place in tandem with significant
innovative cultural changes, among which we find
the bone retouchers. This bio-energetic model suggests that the disappearance of elephants from the
human diet in the Levant around this time triggered
a selection process in favour of those who were better adapted to the hunting of larger numbers of
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smaller, faster animals. The absence of elephants
at Qesem Cave and the dominance of fallow deer,
conjoined with the plethora of recorded cultural
change at Qesem Cave, are the basic ingredients
of the model. We emphasize the cultural and behavioural aspects since many of them shows a
clear departure from the preceding Acheulian (e.g.,
Barkai and Gopher 2013; Gopher and Barkai, 2016)
– a complete change in lifeways compared to the
Acheulian Cultural Complex. So, something specific
and special has happened in the Levant some 400
ka, post-Acheulian and pre-Mousterian. The finds
of Qesem Cave show, on the one hand, a suite of
"ahead-of-their-time" transformative innovations in
human behaviour and culture, and, on the other
hand, the possible appearance of a new lineage of
hominins (Barkai and Gopher, 2013). It is in this innovative cultural landscape that bone retouchers are
contextualized.
From a technological point of view, the AYCC consists of innovative industries. Among the most significant is the systematic production and retouching
of over a thousand Quina and demi-Quina scrapers.
The elements related to retouching in AYCC assem-
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Figure 5 Number of specimens (NSP) and
bone retouchers from Qesem Cave grouped
into body-size classes: (A) specimens from
the hearth area (and associated southern
area); (B) specimens from the lower sequence located under the rock shelf.
VSS: very small size or size class 1, including
1a and 1b (< 20 kg); SS: small size or size
class 2 (~20-120 kg); MS: medium size or
size class 3, including 3a and 3b (~120-300
kg); LS: large size or size class 4 (~300-1000
kg); VLS: very large size or size classes 5 and
6 (> 1000 kg); Indet: indeterminate (following Bunn et al., 1988).

blages seem to be relevant; therefore, bone retouchers should be studied in detail. From this point of
view, the presence of bone retouchers in the hearth
unit and under the rock shelf suggests that these
items represented a common technological solution
for the human groups who occupied Qesem Cave.
It should be stressed, however, that only faunal
remains related to Amudian assemblages are presented here. These assemblages include Quina and
demi-Quina scrapers, though in lesser proportions
compared to Yabrudian assemblages (e.g., Parush
et al., 2016). We have just started to study faunal
assemblages originating from Yabrudian layers, and
it would be interesting to quantify the ratio of scrapers to bone retouchers in these assemblages and
compare the results to the data presented here. Our
first impression is that there are quite a number of
bone retouchers in the Yabrudian too.
Broadly speaking, the two Amudian units studied do not show significant differences. Both assemblages maintain similar technology and the
composition of the faunal record is similar. Perhaps
the most important difference is the presence of a
preserved fireplace in the hearth unit as the central
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element of the activities (Blasco et al., 2016a), but
this does not mean that in the lower unit (unit under the rock shelf) hearth related activities were less
significant. The large number of bones with signs of
thermal alteration precisely indicates the existence
of similar behaviour regarding fire as in the upper
sedimentary units.
Although some bone retouchers from Qesem
show use areas that could be linked to intensive
use, most of these items show isolated and scattered marks, forming discrete areas that could be related to low use intensity. These characteristics may
be connected to immediate activities, in which bone
blanks are selected for very specific tasks, re-sharpening an edge, for example, and then discarded again
among the rest of the waste. The bone blanks seem
to be selected following a preference for mediumsized animals, taking into account the ratio between
body size categories and bone retouchers recovered
in both units (Figure 5). Selection is also observed
regarding length of the blanks. In both areas, the
dominant bone fragments do not exceed 3 cm in
length, but the bone blanks used are all between 3
cm and 7 cm (Figure 6). Therefore, there appears
to be a preference for larger/longer bone elements,
perhaps depending on the physical characteristics of
the knapped items or other specific needs. A selection of blanks by bone characteristics, such as length

and/or thickness, has also been suggested in some
European sites of later periods, including Payre (MIS
9-5) (Daujeard et al., 2014) and Noisetier (MIS 3)
(Mallye et al., 2012) in France. Other localities, however, do not show the same preferences, such as the
case of Biache-Saint-Vaast (MIS 7) (Auguste, 2002),
Artenac (MIS 6) (Armand and Delagnes, 1998), and
Chez-Pinaud/Jonzac (MIS 3) (Beauval, 2004, Jaubert
et al., 2008), all in France.
Bone retouchers being used as soft hammers (of
sorts) have practical purposes, and possibly structural advantages. Suffice is to say that for the AYCC
in the Levant, we may relate the possible use of
soft retouchers to a quite restricted range of flint
tools. We find the bone retouchers at Qesem to be
insufficiently large and heavy for shaping handaxes,
which we note are rare at Qesem Cave (Barkai and
Gopher, 2009). Thus, we suggest that these bone
tools may be related mainly to shaping tools, such as
blades and flakes, as well as Quina and demi-Quina
scrapers. Quina scrapers exhibit a very special and
unique shaping technology, characterized by a scalar retouch on their working edges. These scrapers
are at present the topic of large-scale, detailed use
wear and residue analyses, accompanied by an intensive experimental programme. Preliminary results
indicate three major functions: hide working, bone
working and butchering (Lemorini et al., 2016;

Figure 6 Lengths of all bone specimens (left) and bone retouchers (right), grouped in 10 mm intervals (excepting for the
first and last range): (A) specimens from the hearth area (and surrounding area); (B) specimens from the lower sequence of
Qesem Cave located under the rock shelf.
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Figure 7 Bone retouchers probably used in a dry or semi-dry state from the area under the rock shelf. Note that percussion
striations and chips are located on previous detachment of bone plaques, likely as a result of the bone's lack of natural elasticity when used.

Zupancich et al., 2016a, 2016b). These results encourage us to see the innovative Quina scrapers at
Qesem Cave and other sites as part of a new behaviour in the AYCC where bone retouchers appear for
the first time and in large quantities. Quina scrapers,
together with blades and small cutting tools made
of recycled items, may have been part of a local
strategy aimed at processing the carcasses of medium-sized game (see Claud et al. 2012 for a case in
France) – a particular combination of technologies
that reflects a specific adaptation with no known
counterparts in Africa or Europe at present.
It should be borne in mind that both Quina scrapers and bone retouchers, to the best of our knowledge, appear in the Levant no later than the AYCC
and cease to appear within the Middle Palaeolithic
Mousterian. However, the quantity of bone retouchers is exceptionally low to account for the number
of shaped tools and Quina or demi-Quina type scrapers found at the site. The hearth unit contained a
total of 462 tools, while 1412 tools have been documented in the portion of the lower sequence under
the rock shelf analysed thus far (B-C-D-E/6-7-8 and
B/9, Z=700-1050). There is still a great deal of material to be analysed and it will be critical to study
the faunal remains from scraper-rich Yabrudian
contexts. This is currently under way and additional
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bone retouchers have been found. More significantly, the number of marks on the use areas is too
low for what is required to transform a flake into a
Quina or demi-Quina scraper with the characteristic
multi-staged, overlapping retouches, assuming that
each mark corresponds to one contact between retoucher and the flint item being retouched. In this
sense, most bone retouchers from Qesem are substantially different from those recovered in later sites
and perhaps more associated with the entire process
of scraper shaping. At La Quina, in France, the bone
retouchers show a large number of overlapping percussion marks that are mostly pitted areas configured into large use areas, which sometimes preserve
use areas at both apical ends of limb bone blanks
(Verna and d'Errico, 2011). From this perspective,
it is conceivable that most of the Qesem retouchers
are more likely to be linked to short use episodes
within the configuration of the retouched tools, like
occasional re-sharpening or curving.
On the other hand, according to several experiments (Mozota, 2009; Rosell et al., 2011; Verna and
d’Errico, 2011; Daujeard et al., 2014), bone retouchers are usually used fresh or in an intermediary state
of freshness. In these cases, the most common features are deep to shallow marks, usually clustered in
well-defined use areas. Most of the bone retouchers
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from Qesem show these characteristics, indicating a
relatively short period of time between bone discard
and re-selection for use as a retoucher. However,
two bone blanks from the unit under the rock shelf
and one from the hearth unit show different characteristics. These bone fragments show chips associated with a loss of cortical tissue, and percussion
striations on previous detachment of bone plaques
as a result of the bone's loss of natural elasticity
(Figure 7). So, these bone blanks could have been
used in dry state, suggesting an occasional indifference for the state of the bones.
All these elements allow us to place the Qesem
bone retouchers within a framework of recycling.
That is, they are previously discarded objects, which,
after fulfilling their initial nutritional function are
taken from the waste and given a different function
from the original. This second life cycle plays an important part in the lithic industry chaîne opératoire.
However, these objects require no more preparation
than possible scraping of the periosteum to improve
percussion. In this case, they differ from some of the
objects recovered at level XVIIa of the Spanish site
of Bolomor Cave (MIS 9), where one of the bone
fragments used as a retoucher was shaped before
use, presumably to make it more ergonomic (Blasco
et al., 2013; Rosell et al., 2015).
From this perspective, Qesem Cave, and by extension the AYCC, represents a new stage in which
the recycling of previously discarded objects appears
to play an important role. Considering the age of
this new approach (ca. 400 ka), Qesem could be
considered one of the places where the previous
Acheulian techno-complexes were supplanted for
the first time during the second half of the Middle
Pleistocene. Therefore, the use of bones to retouch
lithic artefacts should be viewed in the same light as
other sophisticated and diversified technologies, including laminar items, Quina and demi-Quina scrapers and backed knives, and the habitual use of fire
as a central element of hominin occupations and
recycling. This additional technological innovation
appears to have different expressions in other world
regions, but they all indicate the inclusion of bone in
the lithic chaîne opératoire.

To date, the AYCC does not have any other large
faunal assemblages similar to Qesem Cave; thus,
no comparative studies validating the importance
of these objects in the AYCC in the Levant can be
made. However, other evidence is available in the
European Middle Pleistocene that reinforces the idea
of a diversified use of bone for purposes beyond
nutrition. At the French site of Caune de l’Arago
(MIS 12) teeth and jaws of large animals have been
recovered with very long marks that have been interpreted as billots, or large bone fragments on the
surface of which meat or other soft materials were
cut (Moigne et al., 2016). There is also clear evidence for introducing bone and antler into the lithic
chaîne opératoire during MIS 13 at the site of Boxgrove (UK). At this site, a collection of deer antlers
with deep striations has been interpreted as a result
of their use as hammers to make large tools, e.g.,
bifaces (Roberts, 1997; Roberts and Parfitt, 1999;
Bello et al., 2013). Along with these hammers were
found some bone retouchers for more delicate activities, some of which preserve small fragments of
embedded flint (Smith, 2010, 2013). A single bone
retoucher on a deer femur has been mentioned at
the site of Terra Amata, France (MIS 11) (Moigne et
al., 2016).
Although sporadic evidence of bone retouchers can be detected in the preceding Acheulian
period (e.g., Boxgrove), this technological behaviour seems to have become widespread during the
post-Acheulian contexts and especially after MIS 9
in Europe. Some relevant cases are Schöningen in
Germany (Julien et al., 2015; van Kolfschoten et al.,
2015), Orgnac 3 (Moncel et al., 2012), La Micoque
(Langlois, 2004) and Cagny-l'Epinette (Lamotte and
Tuffreau, 2001) in France, and Bolomor Cave and
Gran Dolina in Spain (Rosell et al., 2011, 2015;
Blasco et al., 2013; Rodríguez-Hidalgo et al., 2013).
From this point of view, bone retouchers may be
considered an element that was deeply assimilated
during post-Acheulian times and widely adopted
in subsequent periods and cultural complexes. This
does not mean that soft retouchers were not used
in previous periods, but rather that the spectrum of
uses for recycled bone expanded significantly during
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MIS 9 in western Europe, and previous to that in
the AYCC of the Levant, to include bone retouchers
aimed at rather delicate flint working.

Conclusions
Qesem Cave, and by extension the AYCC, shows
a series of innovative technological behaviours,
amongst which retouching acquired a growing importance. This may be part of an increasing diversity
of human needs and newly introduced activities.
At Qesem Cave we observe a broadening in the
spectrum of activities, ranging from the most highly
planned and complex, like the emergence of food
sharing and social hunting (Stiner et al., 2009; 2011;
Blasco et al., 2014), to what may be considered immediate and improvised, but equally successful. This
duality of more immediate activities that do not require prior planning, like lithic recycling, and highly
planned activities emphasizes the highly flexible and
creative nature of these hominin groups in developing innovative solutions to novel tasks.
In this sense, some of the Qesem retouchers,
and the immediacy with which they appear to have
been used, fit with the improvised part of the activity spectrum. They are simple objects with little or
no prior preparation and recycled from waste previously discarded by the same or previous hominin
groups. Their use appears to have been short and
limited to a few retouch motions, perhaps related
to the curving and/or re-sharpening of lithic tools,
including Quina scrapers. This sense of improvisation increases by the detection of the use of fresh,
intermediate, and even dry bone blanks for these
purposes.
Finally, this paper also delves into the role of
these tools within the changing cultural landscape
and the changing discourse between humanity
and the world – culture and nature. Deciphering
the relationships between hominins, animals, bone
and stone may be significant to understanding Palaeolithic hunter-gatherers. In this context, bone retouchers are, in our view, a qualitative change, and
their appearance is clearly not random or coinciden-
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tal. These bones were used in what may basically
be viewed as a recycling context: they were used to
shape stone tools for use in meat processing or in
hunting of animals whose bones were then used as
bone retouchers to shape stone tools. This falls way
beyond a partnership in shaping tools; it is rather an
amalgamation of the two materials, of two basic existential dispositions. These tools then should not be
looked at in isolation but rather as a component of
a wide-ranging cultural transformation (e.g., Barkai
and Gopher 2013; Gopher and Barkai, 2016).
We see this technology-related innovation as a
two-faceted story. On the one hand, we are dealing with a new concept originating from interactions with the natural world, between hominins and
animals. This involves a distancing of immediate
and direct consumption, introducing another use
for hunted animals – in a way, a deep concept of
recycling. The second facet of bone retouchers is the
union of bone, gained through hunting and food
consumption, and stone technology, represented by
tools for hunting. In our view, this in important integration of two primordial elements of Palaeolithic
existence – a polarity yet to be studied in depth.
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