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This study describes a part of the Paleolithic bone industry of Denisova Cave—the site
that is key for understanding a complex interaction between various groups of early
humans and the Middle to Upper Paleolithic transition. The Initial Upper Paleolithic
layers of the cave yielded fossil remains of Denisovans, and the earliest ornaments and
bone tools in North and Central Asia. The principal objective of this study is to analyze
unshaped bone tools from the Late Middle and Initial Upper Paleolithic from the East
Chamber of the cave. Among more than 10 thousand bone fragments, subdivided into
three groups in terms of taphonomic, technical, and utilization traces, 51 specimens
were selected for study. On the basis of location of use-wear traces that varied according
to function, unshaped bone tools such as retouchers, awls, intermediate tools, and
knives were revealed for the first time in Denisova Cave. The results of the morphological
and use-wear analysis suggest that those tools were used for processing organic
materials such as leather, plant fibers, and wood. Unshaped tools indicate a developed
industry that preceded, or was contemporaneous with, the formal types of tools —
polished points and eyed needles.

Keywords: Altai Mountains, Denisova Cave, Initial Upper Paleolithic, Denisovans, bone
industry.

Introduction

The issue of the Upper Paleolithic culture origins still remains debatable, since the
picture of evolutionary development created on the basis of European materials is not
considered universal any more. As shown by the results of studies conducted in Africa,
Eurasia, and Oceania in recent decades, the model of succession of cultures in the
European Paleolithic just summarizes the local scenario of peopling processes. The
context of Denisova Cave and other multilayered Paleolithic sites in the northwestern
Altai does not agree with the European concept of Paleolithic development. The results
of investigation of these sites indicate the concurrent existence of Denisovans, an earlier
unknown population of the genus Homo, with Neanderthals in southern Siberia. Besides,
they point to a relatively early (about 50-45 ka BP) appearance of stone and bone
working technologies, as well as non utilitarian items, which correspond to the behavior
of anatomically modern humans, though no evidence of the presence of such humans in



Altai in the Initial Upper Paleolithic has so far been found. The concept of “modern
behavior” itself is based upon analyses of the activities of Homo sapiens sapiens, whose
representatives were the founders of the Upper Paleolithic traditions in the territory of
Europe. Certain modern behavioral traits were refl ected in earlier materials in the
African continent (Henshilwood, Marean, 2003). Before the appearance of anatomically
modern humans, some groups of European Neanderthals seem to have experienced
innovations, in particular in symbolic fi eld (Hoffmann et al., 2018). The semantic shift
between biological and cultural modernity, resulting from the historical background of
prehistoric researches, could lead to a circular reasoning when enlarging the focus
geographically and chronologically. To avoid such a situation, the context of any site
must be analyzed taking into account its specifics, whatever took place in the western
part of Eurasia at that time. Archaeological and anthropological materials from Denisova
Cave are indicative of the gradual evolutionary development of behavioral traits typical
of anatomically modern humans on the basis of local culture (Derevianko, 2010). This
process is reflected not only by the stone industry but also by the bone. Denisova Cave is
situated in the upstream flow valley of the Anuy River, in the low-mountain and
mid-mountain zone of the northwestern Altai, at 690 m a.s.l. (Fig. 1). The cave consists of
several narrow dark chambers, interconnected through the Main Chamber. The cultural
and chronological range of Pleistocene deposits at the site is the greatest such range for
North and Central Asian sites; it covers a period from the Early Middle Paleolithic (about
300 ka BP) to the Final Late Paleolithic (Jacobs et al., 2019). Ornaments and tools made
from organic materials have been discovered in deposits aged 50-35 ka BP (layers
11.5-11.1 in the Main Chamber, layers 11.2 and 11.1 in the East Chamber, layer 11 in the
South Chamber). Their creation at the early stage of the Upper Paleolithic is evidenced
not only by the dates of enclosing sediments, but also by those of pendants made of elk
incisors and bone points (Douka et al.,, 2019). Stones, bones, and animal teeth,
mammoth tusks, ostrich eggshells and mollusk shells were used as raw materials for
manufacturing ornaments. These were treated using various techniques, such as
scraping, grinding, polishing, sawing, and drilling (Derevianko, Shunkov, Volkov, 2008;
Shunkov, Fedorchenko, Kozlikin, 2018). Along with ornaments and stone tools belonging
to the initial Upper Paleolithic, formal bone tools, mainly eyed needles and awls, were
discovered in Denisova Cave. Mitochondrial and nuclear DNA recovered from
anthropological remains and cave deposits belongs to Denisovans and Neanderthals
(Slon et al.,, 2017). This fact suggests that the transition to the Upper Paleolithic
proceeded here on the basis of local Middle Paleolithic culture, as for example at the
Arcy-sur-Cure site in France, judging by the results of analysis of the bone industry and
ornaments from the Chatelperronian layer of this cave (D’Errico et al., 2003).

Lithic industries from Denisova Cave and Arcy-sur-Cure reflect the continuity of
development: Middle Paleolithic types of tools were used along with new shapes.
Meanwhile, traces left by H. s. sapiens at the early stage of the Upper Paleolithic are
absent at these sites. The bone artifacts found here are not only a new group of artifacts,
but also the evidence of using a new type of raw material that was traditionally
considered to be culturally specific to anatomically modern humans (Henshilwood,
Marean, 2003). Is there a contradiction?



Informal bone tools in the Paleolithic

Tools made of organic materials have been recorded in the Early and Middle Paleolithic
assemblages unrelated to anatomically modern humans (D’Errico, Henshilwood, 2007;
Backwell et al.; 2008; Li, Shen, 2010; Mozota, 2012; Soressi et al., 2013; Stout et al.,
2014; Julien et al., 2015; Zutovski, Barkai, 2016; Doyon et al.,, 2018). The Middle
Paleolithic bone industries are characterized by small typological variability, the Upper
Paleolithic ones by a great variety of shapes and manufacturing techniques (cutting,
scraping, grinding, and polishing). If formal bone tools typical of the European Upper
Paleolithic are discovered in earlier assemblages, they are considered as a sign of
“modernity” (Backwell, d’Errico, 2014).Comparative analysis of bone industries is based
on series of items, wherein unshaped tools are usually not taken into account. However,
such items are recorded not only in the Middle Paleolithic assemblages, but also in the
Upper Paleolithic ones. Solutrean assemblages of the last glacial maximum, state of the
art of Paleolithic flint knapping, contain eyed needles that are the most ancient in
Europe. At the same time, a considerable part of the bone industry in this culture
consists of unshaped tools; among these, pressure tools for manufacturing thin
leaf-shaped bifaces. These tools revealed by means of technological and use-wear
analysis do not have evident signs of social or symbolic specialization. However, since
they performed an important technical function, they should be considered one of the
type specimens in the Solutrean industry (Baumann, 2014). Manufacture of blanks for
Aurignacian tools was based mainly on percussion (Tartar, 2018). Objects of the
Aurignacian portable art and antler spearheads with split bases are known better than
informal bone tools of this culture. Informal bone tools have become the subjects of
special studies rather recently, for several reasons. First, owing to the absence of
standardization in their shaping, it is difficult to identify them by typological criteria;
second, bone items are often subject to mechanical and chemical destruction, and so are
usually fragmented; third, they are hardly distinguishable from bones that were
purposefully splintered by humans to extract bone marrow or were gnawed by
carnivores. Thus, even if bone fragments are well preserved, it is often very difficult to
distinguish shaping from other causes of anthropic or natural fracturing, in the absence
of an appropriate method. Within the framework of this study, noteworthy are needles
and awls of the Initial Upper Paleolithic from Denisova Cave. The uniqueness of these
tools is determined by their function rather than by shaping technology. Eyed needles
and awls are generally associated with sewing clothes, weaving and plaiting, i.e. with the
ability of treating hides and plant fibers, which suggested the use of various types of
tools. Discovery of a series of items of the same type in a single stratigraphic context can
be considered the evidence of production areas at the site and its prolonged occupation.
This is the reason why we were expecting more than eyed needles and awls in the bone
assemblage of the Initial Upper Paleolithic of Denisova Cave.

Material and methods

Faunal materials from layers 11.4-11.2 in the East Chamber of the cave were analyzed in
the course of this study. In layer 11.2, which was accumulated during the period of the fi
rst half of MIS 3, artifacts of the Initial Upper Paleolithic have been found. Layers 11.3
and 11.4, formed during the time corresponding to MIS 4 and 5, yielded Middle



Paleolithic finds. Bone fragments (over 10,000 spec.) up to 1 cm long were studied
visually, without technical aids, and also using a Nikon SMZ-1 stereoscopic microscope.
Photo-recording of materials was performed using a Canon 1000D and 100D SLR
cameras, with a Canon EF-S 60 mm macro lens. The bone fragments were divided into
three groups by the types of traces on their surface: taphonomic, technical, and from
use. Earlier described materials (Semenov, 1957; Fisher, 1995; Villa, d’Errico, 2001;
Maigrot, 2003; Pickering, Egeland, 2006; Baumann, Maury, 2013; Baumann, 2014) and
experimental data on manufacturing unshaped and formal bone tools were used as a
comparative base. Post-sedimentary organic (microorganisms, animals, plants) and
inorganic (weathering, soil subsidence, water courses) modifications, resulting in
dissolution, cracking, striations, erosion, disintegration, vermiculation, concretions, were
looked for. One of the most destructive factors in Denisova Cave was the activity of
carnivores, especially hyenas. There are certain criteria that allow damage on bones left
by animals to be distinguished from the traces of human activities (Blumenshine,
Selvaggio, 1991; Villa, Bartram, 1996; Villa et al., 2004). The traces associated with
activities of hyenas are bites, gnawed out areas, deep scratches, and pitted or glazed
surfaces formed during digestion—the most widespread mark of the vital activities of
hyenas. Gnawed bone fragments are quite numerous; however, bone surfaces and edges
have been little altered, probably because of a fast embedding and low temperature of
the sediment, which was also propitious for DNA preservation. Consequently, the
distinction between natural and anthropic traces is relatively easy there. The overall
condition is good, and some samples with a well-preserved spongiosa would even look
fresh, without spattering of oxide deposits on most pieces, particularly manganese.
Crushed long tubular bones were most frequently the result of brain marrow extraction.
The produced splinters could have been used as blanks for bone tools. However, without
systematic refitting it is not possible to establish whether they were resulting from
operating sequences included in or distinct from the butchering process. Primary spalls
on bones and notches from percussions, are considered as traces of man-induced
reduction. Smooth surface, curved or V-shaped outlines, oblique angle of the fracture
facets (Villa, Mahieu, 1991) are regarded as evidence of fresh-bone knapping.

Results

During sorting bone fragments from layers 11.4-11.2 in the East Chamber, 51 unshaped
tools were found (see Table; Fig. 2) on the basis of 30 % of faunal materials from this
portion of section. The general state of preservation of bone materials from Denisova
Cave is good, and spongiosa is in perfect condition. Unshaped tools were manufactured
from the long tubular bones of ungulates of large (57 %) and middle (43 %) size. One
item made of a vertebra, and two items made of rib fragments, have been found. The
bones identifiable to a species belong to bison Bison priscus and red deer Cervus
elaphus. Tibias were used as a basis. Humeri, femura, and metatarsi were used more
rarely. Unshaped bone tools were divided into three categories in terms of localization of
wear traces and manifestations of characteristics that allow the functional purpose of
items to be determined. The bones showing wear traces on their cortical surfaces are
assigned to the group of tools that, since the end of the 19th century, are classified as
retouchers (Daleau, 1883). The items with wear traces at one or both ends are
subdivided into two groups. The first group consists of tools with a smoothed end, like



awls, designed to handle soft materials. The second one includes intermediate tools with
axial damage to both ends; these tools had the same operating process, but, judging by
the variability of wear traces and the morphology of their ends, were used for different
purposes. Obviously, tools with retouch and/or wear traces on their longitudinal edges
differed functionally.

Retouchers. Items of this type are the most widespread bone tools of the Stone Age.
These are known from the Early Paleolithic (Smith, 2013; Kolfschoten et al., 2015), occur
in the greatest number in the Middle Paleolithic industries (Costamagno et al., 2018),
and were still used in the Upper Paleolithic (Tartar, 2012b; Guadelli et al., 2013) and
Neolithic (Taute, 1965). All retouchers have marks of percussions against sharp edges of
stone tools. The function of retouchers was studied for the first time by H. Martin, using
materials from La Quina, France (1906). According to him, these items could have been
used as hammerstones to apply retouch and as anvils to perform cutting work. Later on,
experiments were conducted to study the functions of these tools (Semenov, 1957,
Shchelinsky, 1983; Bourguignon, 2001; Rigaud, 2007). Most scholars agree that they
were used for shaping lithic edges by percussion. Bone retouchers in layers 11.4-11.2 of
Denisova Cave are rare; however, these are the first tools of this type found at the site.
Blanks vary from long and narrow to short and large. Their length is 4.7-9.9 cm, width
1.1-3.6, and thickness 0.4-1.0 cm. Such heterogeneity is probably partly due to the small
size of the sample and the diversity of the blanks, but also to the fragmentation of the
artifacts: on at least 5 of the 8 samples, the impacted area was cut by a fracture, which
occurred when the bone was fresh. In terms of density of percussion marks, the tools are
distributed non-uniformly. The impact traces include both separate percussion marks
(Fig. 3, b), and dense areas of percussion marks with microflaking (1-4 cm long) on the
cortical surfaces of bones (Fig. 3, a). Retouchers are typical not only for layers 11.4-11.2:
six such tools have been discovered in underlying Middle Paleolithic layer 12.

Tools with rounded end. The collection contains three small points with marks of
smoothing. The lengths of the items are 5.6, 3.8, and 6.3 cm, widths 1.2, 2.1, and 1.0 cm,
and thicknesses 0.2, 0.3, and 0.2 cm. Two tools are manufactured from ribs of ungulate
animals of middle or large size, and the third from a small splinter of diaphysis. On one
rib, an oblique break forming a natural trihedral point without traces of additional
treatment is a working edge (Fig. 4, a—c). Working edges of other items are shaped by fi
ne abrupt single- or double-sided retouch, as on lithic borers (Fig. 4, d).These tools
correspond to the general definition of awls: “elongated objects made from bone
material, partially or completely shaped, dimensions and section of which are variable,
with a more or less acute point, sometimes smoothed or rejuvenated” (Camps-Fabrer et
al., 1990). Awls are commonly considered as instruments for piercing hides or other soft
materials (Maigrot, 2003; Christidou, Legrand-Pineau, 2005). Except sewing needles and
projectile points, determined by their smooth surface and specific basal end (an eye or
slots for fastening), any other pointed items are usually interpreted as awls, irrespective
of their actual functions. Sharp ends of these three items became blunted, most
probably as a result of working soft organic materials (see Fig. 4, a, b). Wear traces on
two tools similar to lithic micro-borers are very small and correspond to the function of
perforating medium-soft organic materials (see Fig. 4, d). Wear traces on the third item
are more pronounced; undoubtedly, the tool was used for tailoring clothes, but not as an



awl. The smooth morphology of the rounding, its distribution and extension, giving a
spatula aspect to the active end (Fig. 4, a, b), strongly suggest a tiny hide burnisher, like
the ones used for compacting the seam or for leather folding. Unlike the Initial Upper
Paleolithic awls found in the cave, these tools were manufactured without scraping and
grinding. Similar unshaped tools possibly lie in the Middle to Upper Paleolithic transition
layers at the sites of Arcy-sur-Cure (Chatelperronian horizon), Cavallo, Cala, and
Castelcivita (Uluzzian layers) in Italy, where numerous awls manufactured by scraping
and grinding have been found (D’Errico et al., 2004; D’Errico, Borgia, Ronchitelli, 2012).
Unshaped points have also been recorded in the earlier assemblages, such as Mousterian
horizons of the Combe-Grenal site in Dordogne (Tartar, Costamagno, 2016), in deposits
aged about 80-100 ka BP at the Lingjing site in the Chinese province of Henan (Li, Shen,
2010), and in the Early Paleolithic horizons of the Schoningen site in Lower Saxony (Julien
et al.,, 2015).

Tools with axial damage. These items form the most numerous group of unshaped tools
(32 spec.). The majority of them have utilization traces, typical for intermediate tools.
One (basal) end of tool was for striking, while the opposite one (apical) was for working.
Striking against the basal end resulted in compaction of bone tissue that was sometimes
with a crushed flange and, more frequently, by appearance of edge spalls. The bevelled
apical end can be compacted and have spalls, while scratches caused by contact with the
work material cover its cutting edge and polished areas. The degree of concentration and
the types of marks at both ends of the tool depends on the worked material, the
hammerstone, and the striking angle (Rigaud, 1984; Provenzano, 1998; Tartar, 2012a).
Intermediate tools are well known from numerous Upper Paleolithic finds, whose
identification caused no difficulty because of similarity with ethnographic analogs
(Lartet, Christy, 1865; Chauvet, 1910).Upper Paleolithic intermediate tools were
predominantly made of reindeer antlers. All such fi nds from Denisova Cave are made of
bone. The length of intact or nearly intact items is 4.5-16.1 cm (9.2 on the average),
width 0.9-4.5 cm (2.0 on the average), and thickness 0.5-1.6 cm (1.0 on the average).
The tools are mostly long and massive (relationship between width and thickness is
usually 2:1). In terms of morphology, these items can be divided into two groups. The
first group involves tools on relatively large blanks, with a convex or straight cutting
edge. Wear traces are small overlapping subparallel detachments (Fig. 5). The second
group consists of longer and narrower blanks as compared to the above. Their working
edge is thicker and blunted as a result of impact loads (Fig. 6, a, b). The basal part is
covered by tangential detachments related probably to the shaping of tools (Fig. 6, c,
d).More than a hundred such items were discovered in the Early Aurignacian
assemblages (Tartar, 2012a). However, they are not specific to the beginning of the
Upper Paleolithic, and they also were mentioned in Late Mousterian sites, such as
Gazaria in Basque Country, France (lbid.), Axlor in Biscay, Spain (Mozota, 2012), Karabi
Tamchin in Crimea, Russia (Burke, d’Errico, 2008). As in Denisova Cave, they were
manufactured mainly using tibias of large ungulates or straight and thick splinters of
diaphyses. Tools made from tibias, which are distinguished by their length, thickness,
and tissue density, were the most resistant to impact loads. Several finds from the Early
Paleolithic assemblage of Schoéningen can also be assigned to the items of this type
(Julien et al., 2015). The results of experimental use-wear analysis and comparison with
ethnographic materials have suggested several assumptions about the function of the



intermediate tools, including their use as chisel-like tools and barking instruments. Some
use-wear signs and morphology of the working edges of items from Denisova Cave (see
Fig. 2, 10, 13, 14) confirm the possibility of such use (Semenov, 1957; Rigaud, 1984;
Maigrot, 1997; Camps-Fabrer et al., 1998; Provenzano, 1998). The efficiency of these
tools has been proved experimentally. However, the functional range was probably
larger. Not all the traces fit with the work of woody material, such as on the tip of the
sample shown on Fig. 2, 10, which has been crushed by a repeated contact against a
harder material.

Tools with damaged edges. Two intact tools are made of long tubular bones (tibia and
humerus), most probably belonging to a bison; six items, different in size and
morphology, were fragmented before drying of the bones. They are made from long
bones (tibia and humerus) of a large ungulate (bison). The dimensions of two biggest
items are 16.1 x 21.5 x 1.0 and 11.1 x 3.5 xx 1.0 cm, respectively. Wear traces (Fig. 7, a)
typical of intermediate tools have been revealed at their transverse edges adjoining the
side working edges, which suggests multi-functionality of the items. All items show
retouch at one longitudinal edge. It occupies 1/3 of the length at intact artifacts. Retouch
is double-side, marginal on the dorsal side and covering the marrowy canal or spongiosa
on the internal face (Fig. 7, c). Retouch on two items is bifacial. The shape of one item
resembles a burin spall (Fig. 7, d) produced possibly by accident during utilization or
rejuvenation of the tool. The functional purpose of the retouch is confirmed by some
longitudinal removals produced during its use as a knife, and, in one case, by a light
rounding of the cutting edge and a luster, probably from plant cutting (Fig. 7, b).Such
tools are mentioned rarely. The most known retouched bone items are Acheulean
bifaces found in Africa, Europe, and in the Near East (Zutovski, Barkai, 2016). These are
fully shaped pieces rather than tools with rejuvenation of one of the edges. Middle
Paleolithic tools made of bones with retouched edges are known from materials of such
sites as Vaufrey (Vincent, 1993), Combe-Grenal, and La Ferrassie (Tartar, Costamagno,
2016) in France, Axlor (Mozota, 2012) and Bolomor (Blasco et al., 2013) in Spain, and also
from the Late Mousterian horizon finds in Fumane Cave in Italy (Romandini, Cristiani,
Peresani, 2014). As in Denisova Cave, retouched bone artifacts at the majority of sites
were discovered mostly along with smoothed points and intermediate tools.

Discussion

Unshaped bone tools discovered in layers 11.4-11.2 in the East Chamber of Denisova
Cave are small in number; however, these are evidence of a developed industry rather
than randomly picked bone splinters remaining after butchering animal carcasses and
used to retouch stone tools. According to the morphology of tools, they were used to
work different materials, including sewing of clothes from leather; severing or cutting of
plants; splitting, barking, or carving of wood. In order to determine functions of each
tool, it is necessary to expand the database of experimental studies. The variety of
blanks, morphology of working edges, and microwear traces suggests that this toolkit
was a part of established manufacturing system. The fact that it was produced only with
percussive techniques is not a satisfactory argument for refusing the term “industry”, or
this term should also be declined for the lithic assemblages until the introduction of
stone polishing. Being part of the process of meat production, in contrast to lithic



procurement, the obtaining of bone material, nevertheless, is not more opportunist than
the use of beef tallow by modern industry. Concerning the absence of standardization
emphasized by many researchers who reject unshaped bone tools as an industry, it
should be noted that the use of elongated bone blanks to manufacture such items is no
different from the use of stone blades. The lithic industries of Denisova Cave reflect not
only the continuity of development as a whole, but also the establishing of the Upper
Paleolithic on the basis of the local Middle Paleolithic. In the materials from lithological
layers 11.4-11.2 in the East Chamber of the cave, along with Middle Paleolithic tools,
Upper Paleolithic shapes are present. While bone items among the Late Middle
Paleolithic tools in layer 11.4 were noteworthy as evidence of the use of a new type of
raw material, the eyed needles, pipe-shaped beads, pendants, and other ornaments
among unshaped tools of the Initial Upper Paleolithic in layer 11.2 are a part of a
developed industry. Bone items are very well preserved, which rules out mechanical
impact and the probability of considerable displacement in the thickness of cave
deposits. Anthropological materials and paleogenetic data pertaining to these deposits
suggest the association of the innovations with the activities of (most probably)
Denisovans, though the presence of Neanderthals is also observed in layer 11.4. There
are no traces of anatomically modern humans at the initial Upper Paleolithic in Denisova
Cave.

Conclusions

Until recently, it was impossible to record unshaped tools in bone industries owing to the
complexity of differentiating items of this type from mass faunal materials. Such items
can only be classified as tools by their use-wear traces: spalls, compacted areas,
microflaking, smoothness, impressions, etc. A unique preservation of organic materials in
Denisova Cave simplifies identification of such traces. The results of analysis of the
Middle Paleolithic unshaped tools from the East Chamber allow a conclusion to be drawn
that items of the said type were rather archaic. Starting from the Middle Paleolithic, they
were made on chipped out bone fragments, but the scraping technique was not used; it
gained widespread use during the subsequent Upper Paleolithic epoch. The bone
industry under consideration, like the stone one, reflects the continuous process of
cultural development and formation of the Upper Paleolithic traditions on the basis of
the local Middle Paleolithic. Since there is no evidence for the habitation of anatomically
modern humans either in Denisova Cave or in the whole of Altai in the Paleolithic, the
obtained results suggest that the manufacture of bone tools and the development of
Upper Paleolithic traditions in this territory were connected with the culture of
Denisovans.
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Fig. 1. Denisova Cave on the map of Altai.

Layer
ltems Total
1.4 11:3 11.2
Retouchers 2 2 4 8
Tools with rounded end 1 1 1 3
Tools with axial damage 13 4 15 32
Tools with damaged edges 4 - 4 8
Total 20 7 24 51

Unshaped Bone Tools from layers 11.4-11.2 in the East Chamber of Denisova Cave, spec.
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Fig. 2. Unshaped bone tools from layers 11.4 (1, 11, 12, 15, 16, 20), 11.3 (4, 13, 18, 22, 24), and 11.2 (2, 3, 5-10, 14,
17, 19, 22, 23) in the East Chamber of Denisova Cave (photos by M. Baumann). 1-14 — tools with axial damage; 15—
17 —tools with damaged edge; 18—-22 — retouchers; 23, 24 — tools with rounded end. 24 — tools with rounded end.
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Fig. 3. Bone retouchers with traces of long-term (a) and short-term (b) use from layer 11.3 in the East Chamber of
Denisova Cave (photos and drawing by M. Baumann).



Fig. 4. Tools with rounded end from layers 11.2 (a—c) and 11.3 (d) in the East Chamber of Denisova Cave (photos and

drawing by M. Baumann).
a — smoothed cortical surface and traces of distal end modifi cation; b — smoothed inner surface of the distal end; c —

working edge; d — retouched edge.
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Fig. 5. Intermediate tool from layer 11.3 in the East Chamber of Denisova Cave (photos and drawing by M.
Baumann).
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Fig. 6. Intermediate tool from layer 11.2 in the East Chamber of Denisova Cave (photos and drawing by M.
Baumann).

a — compaction of the apical end; b — spalls at the apical end; c — compaction of the basal end; d — longitudinal and
transverse spalls at the basal end.



Fig. 7. Tools with damaged edges from layers 11.2 (a, b) and 11.4 (c, d) in the East Chamber of Denisova Cave (photos

and drawing by M. Baumann).
a — wear traces at the distal end; b — polish of the cutting edge; c — retouched edge; d — burin spall from the

retouched edge.
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