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ANALYSIS OF MICRO-RESIDUES
ON STONE TOOLS FROM ZASKELNA IX,

CRIMEA: FIRST RESULTS

The article presents the results of micro-residues study
on the surface of stone tools from the lower, Acheulean
layer of the cave site Zaskelna IX in the Crimea. Seve-
ral recognised varieties of detected micro-residues of
organic and mineral origin are characterised. Likely
traces of specific wear inherent on the soft handle are
identified. Pigment residues correlate with these tra-
ces. Micro-residues and use-wear indicate the possible
wrapping of stone tools in the leather or plant substan-
ces with the help of adhesives containing ochre powder
for safe and secure gripping in hand.

Key words: residual analysis, micro-residues, use-
wear, pigments, soft handle, Palaeolithic, Acheulean,
Crimea, Eastern Europe.

Introduction

The study of various remains on stone artefacts
has become an integral part of modern archaeolo-
gical research of Stone Age sites. Due to the emer-
gence of new technical means of microscopy and
the development of methods of geochemical analy-
sis, new ways of studying and interpreting stone
artefacts are being formed in archaeology. At the
present stage, along with the study of usage traces
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on stone tools, the method of residual analysis is
becoming increasingly common (Anderson-Ger-
faud 1986; Jensen 1988; Grace 1996; Andrefsky
2005; Marreiros, Gibaja Bao, Bicho 2015; Rots
et al. 2013; Lemorini, Cesaro 2014; Stemp, Wat-
son, Evans 2016; Pedergnana et al. 2016; Cnuts,
Rots 2018).

In the context of Palaeolithic sites, finds of
natural dyes, including iron oxides and oxyhy-
droxides, have always attracted particular atten-
tion. Historians and archaeologists traditional-
ly consider such finds mainly as a reflection of
symbolic behaviour. Numerous ethnographic and
written sources serve as the basis for such inter-
pretations (Wreschner et al. 1980; Doménech-
Carb6, Osete-Cortina 2016; Watts 2018; Knight
2018). The general name «ochre» is a simplified
term used in the archaeological literature for iron
oxides and oxyhydroxides.

Red ochre (hematite) can be obtained from
limonite by natural or anthropogenic dehydra-
tion. Natural formations of oxides and oxyhy-
droxides were formed in different geological
periods. On the territory of Ukraine, powerful
deposits of limonite were found (in the Kryvyi
Rih basin and the east of the Kerch Peninsula
(AnTpomos 1958).

It should be noted that sometimes stalactites are
formed in karst cavities, often forming limonite,
hematite, and malachite in the shape of buds. Oc-
casionally, such forms of influxes have a shiny sur-
face. In geology, such formations are called «glass
heads» (My3zadapos 1979).

In 2005, at 5 km north from Zaskelna IX,
in the Paleogene sandy loam of the Ak-Kaia
plateau, small accumulations of yellowish-
brown (sometimes cherry-red) iron hydro-
xides and oxides with yellow-brown flint nod-
ules were found (Crenmanuyk Ta iH. 2006). The
current paper adds new information to the al-
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Fig. 1. Location of Zaskelna IX and key sites of the Ak-Kaia variant of Micoquian in Chervona Balka (Red Gully) near Bila
Skelia village, Bilohirsk district, the Crimea: V'— Zaskelna V; VI — Zaskelna VI (Yu. H. Kolosov’s); LX — Zaskelna IX

ready known analysis published in Ukrainian
language (PuxoB ta in. 2021).

The oldest evidence of the ochre usage comes
from Africa. In particular, it is believed that ochre
was deliberately collected and used in the Katu Pan
site, which is dated about 500 ky (Watts, Chazan,
Wilkins 2016). Pieces of ochre with traces of pro-
cessing and usage and its remains on artefacts have
been found in Pleistocene layers of many South
Africa cave sites: Pinnacle Point (64 ky, layer B),
Klasies River (100—385 ky) and Blombos (100 ky)
(Watts 2010; Henshilwood et al. 2011; D’Errico
et al. 2012; Beaumont, Bednarik 2013; Watts, Cha-
zan, Wilkins 2016). In this context, it is worth men-
tioning the discovery on the ninth terrace of the
Crimean southern coast (Uemamsira 2017) of sev-
eral red-brown flattened pebbles, presumably sider-
ite (FeCO,) with signs of knapping, numerous dents
and scratches. These pebbles were found together
with flake and pebble tools of the Lower Palaeoli-
thic appearance. For the Middle Palaeolithic period,
ochre has been documented for many sites, includ-
ing those known in the Middle East and the Europe-

an continent (Hardy et al. 2001; Hovers et al. 2003;
Hodgskiss 2010; Moncel et al. 2012; Cepukos
2013; Lemorini, Cesaro 2014; Rots et al. 2013;
Key, Lycett, Stephen 2017; Venditti et al. 2019; Vel-
liky et al. 2019; Dayet et al. 2019). Fragments of
ochre, often with various signs of intentional trans-
formation and usage, are frequently found at Mid-
dle Palaeolithic sites of the Crimea (Koxocos 1986,
c. 37; Crenmanuyk 2006, c. 248—249; CrenaHuyK,
Lensix 2018; Crenanuyk, Hesmomiit, Berpos
2018).

Modern research on various aspects of natural
pigments usage is closely linked to experiments of
ochre interaction with stone artefacts clarifying, the
supply and origin of ochre (Hodgskiss 2010; 2020;
Brooks et al. 2018; Lemorini et al. 2020). Ethno-
archaeological studies witnesses a widespread use of
ochre as a component of aggregate paste for fastening
lithic tools in a shaft, handle, leather and grass frame
(Wadley, Williamson, Lombard 2004). In particu-
lar, African Palaeolithic sites provide valuable evi-
dence for ochre as a component-filler for connection
frame made of diverse organic materials with a sur-
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Fig. 2. Zaskelna IX, lower layer. Refitting of several flint flakes, demonstrating the usage of bipolar technique and rough

shaping

face of lithic artefact (Wadley 2005; Wadley, Hodg-
skiss, Grant 2009; Rots, Van Peer, Vermeersch 2011).

Materials

General information about Zaskelna IX site.
Zaskelna IX is located in the eastern part of the
Crimean foothills, on the right bank of the Biiuk-
Karasu River, near Bila Skelia village in Bilohirsk
district, at the head of Chervona Balka (Red Gully)

(fig. 1). The site is located beneath a three-meter
cliff of nummulitic limestones, nearly 90 m above
the river level. In front of the steep slope towards
the gully, there is a slightly sloping area. Seve-
ral fissures traced extend towards the monolith of
the limestone plateau, one of which is interpreted
as an entrance into a buried cave. The destruction
of the entrance part and significant subsidence of
the cave vault is explained by tectonic movements.
Worthy to emphasise that this is the only Palaeoli-
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Fig. 3. The hand-axe from the lower layer of Zaskelna IX (artefact 10, Table 2), an example of technical information. The
drawing after Yu. H. Kolosov (Kosocos 1983, tadbn. LXXIV). Raw material: flint; type of treatment: shaping; order of processing
of surfaces of the artefact: A (phase I) / B (phase II) / A (phase IIT). Processing stages: 1 (I) AL A §?;2 (II) BR A { ?;3 (ID)
BLVY | 2,4()BL VY | ?2,5()BR A J?,6 () AR ¥ ] ?1L II, IIl — phases of artefact shaping; 1—6 — stages of artefact
shaping; A, B — artefact planes; L, R — artefact edges; A ¥ — position of the point of convergence of the artefact edges;  |?

— the direction of the sequence of removals

thic cave site in Chervona Balka that faces North
and is located at the very gully’s head.

Yu. H. Kolosov discovered the site in 1969. In
1974—1975 and 1977, Zaskelna IX was explored
by the Crimean Palaeolithic expedition (Komocos
1983). In total, the area of about 15 m? was in-
vestigated. Small scale excavation of the site was
carried out in 2005. According to the stratigraph-
ic features of the sediment column, the significant
water content of the karst cavity of Zaskelna IX
is reconstructed for ancient times. The results of
the research in 2005 confirmed the presence of an
underground watercourse in the cavity of the site
(Cremanuyk Ta iH. 20006).

During the works of 1970’s, the method of exca-
vation by horizontal tunnel was used. Zaskelna IX
was interpreted as a two-layered site. Yu. H. Ko-
losov recognized the finds referred to as the upper
layer in a pack of sediments ranging between 20 cm
from the day surface to a depth of about 1 m. This
pack contained several artefacts and a few small
and massive animal bones, separate teeth of preda-
tors and rodents. Flint artefacts are represented by
blades and five bladelets with blunted edges pre-
senting Graverttian points. It is not excluded that
the finds of the upper layer may be the remains of
a short-term Gravettian site washed away from the
plateau’s surface. Its possible age is indicated by ra-

diocarbon dates by 26700 + 200 (Ki-11682), and
25600 + 200 (Ki-11678) BP obtained due to bone
samples (Crenanuyk 2006). The faunal assemblage
of the layer could be the result of human activity. It
could also be the prey of small predators and birds
of prey, which periodically used the niche of the
rock fissure as a refuge.

Accordingly, to Yu. H. Kolosov’s data, the lower
cultural layer began at a depth of 1,5 m. Huge lime-
stone blocks underlaid the clayey sediments with
narrow gaps and small voids between them. These
blocks represent a likely rock bottom of the karst
cavity. Flint artefacts and bone remains of large,
medium and small mammals are found in the layer,
among which there were several small burnt frag-
ments of tubular bones (Konocos 1983). The collec-
tion contains the quantitatively predominant saiga,
primitive bison, reindeer, horse, mammoth (pre-
sented only by pieces of teeth) and other animals
(Komocor 1983; XKypasner 2015). The absence of
hearths recorded by excavations, lack of any signs
of ancient surface, signatures of periodical wate-
ring, and a small number of stone artefacts of the
second cultural horizon indicate this site’s short-
term nature.

Geochronological position. The lower layer
of the site has no direct indication of the chronolo-
gical position, although the remains were found in
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Fig. 4. Stone artefact 2. Zaskelna IX. The points of observation are marked with letters. A, B — crack filled with ocher; C, D — bright
spot with groove (top and side view); E, F'— the content of the filling groove — dark grey ochre pigments and organic residues

a stratigraphic context. Absolute dates are also not
available. Traditionally, the age of the site is cor-
related with the last interglacial. Geomorphological
data are of interest. The site is located at the head
of Chervona Balka. To judge by the common reg-
ularities of gully formation, rock shelters suitable
for settlement first appear at the mouth, then mid-
dle parts of gullies, and lastly, at their heads. In this
case, Zaskelna IX, located at the very head of the
gully, should be, at least, of the same age as oth-
er Middle Palaeolithic sites discovered in Chervona
Balka. However, the lower layer of Zaskelna IX in-
dustry is more archaic than the materials found even
in the lowest layers of Zaskelna V and VI in the up-
per tier of rock shelters or the lower buried level of
rock shelters (Alioshyn grotto). The discrepancy is
explained by the fact that the gully «... had began
to be settled not from the mouth or middle parts ...

but from its upper reaches» (Konoco 1983). This
hypothesis is based on the O. Kliukin version of
Chervona Balka formation in the Middle Quaterna-
ry period and its stabilisation as a result of the in-
terception of the gully runoff during the Mousterian
period (Kitokin, Konocos 1978).

An alternative version of the gully formation has
recently been proposed: its appearance is explained
by the development of hypogenetic karst (Kmumayx
u ap. 2013). According to this version, the cavi-
ties were formed directly in the limestone mas-
sif. Their opening occurred almost simultaneous-
ly along the entire length of the gully somewhere
in the Late Pleistocene. This explanation is in good
agreement with the young (post-Riss-Wurmian) age
and the currently argued synchronicity of the settle-
ment stages of all known Neanderthal sites in the
Ak-Kaia area. The network of underground cavities
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inside the limestone massive could start with ponor,
which is a place where a surface stream flowed un-
derground into karst in the area of Zaskelna IX. It
can also be assumed that initially, the site was not
a cave or rock shelter situated in the gully, but a lo-
cation on a plateau in a suffusion depression near
the mentioned ponor. In this case, the chronology of
the lower layer of Zaskelna IX may well essential-
ly precede the time of formation of the gully itself.

Stone industry of the lower layer of Za-
skelna IX

Raw materials. Light-grey, grey, grey-brown,
dark grey varieties of fine-grained, high-quality flint
of the Turonian Cretaceous deposits were used as
raw materials to manufacture the artefacts. Most of
the artefacts have a chalk crust, sometimes eroded,
sometimes fresh and brittle. In terms of colour, na-
ture of the crust, features of inclusions, and the na-
ture of zonation, the flint raw materials generally
correspond to samples originating from local out-
crops (PepkoB, JIepuyk 2018). There are exceptions:
an item made of light grey flint with layered light-
coloured zonation and an item made of light grey
inhomogeneous flint. Such raw materials are more
typical for the sites of the South-Western Crimea,
in particular for the Bodrak River valley. The raw
material of flakes generally corresponds to the raw
material of heavy tools, and the exceptions are two

Levallois flakes and a chopper-core. Thus, we can
assume that assemblage includes several items from
a mobile set of artefacts. In contrast, the predomi-
nant portion of artefacts are manufactured on peb-
bles and flint plates procured from the nearby de-
posits remoted at a distance of up to 5 km from the
site.

As a potential source of pigments, the inhabitants
of the lower layer of Zaskelna IX could use ochre
concretions from Paleogene deposits, which are still
observed at a small depth from the surface on the
northeastern erosional slopes of the upper Ak-Kaia
plateau, about 5 km from Chervona Balka. Another
possible supplier of pigments is erosion processes, in
the course of which the hydroxides and iron oxides
are washed off the upper plateau and enter the karst
cavities. Therefore, a source for pigments might be at
one-step accessibility in the form of iron inflows or
limonite pseudomorphoses (botiko 2015).

Taphonomy. The physical preservation of the
flint artefacts surfaces in the collection is quite
good, which indicates their rapid burying. As a rule,
the stone artefacts are not rolled or patinated, ex-
cept for the only micro-flake. More intensive sur-
face erosion is typical for two flakes from light grey
flint and the chopper-core. The stone artefacts of the
lower layer seem not to be relocated for a conside-
rable distance, but, at the same time, the lithic as-

Table 1. Typological structure of the lithic assemblage of the lower layer of Zaskelna IX, according to Yu. H. Kolosov (Ko-

aocoB 1983) and the authors’ definitions

Typological definition

After: KonocoB 1983 | The study of 2019

Pre-cores

Flint fragments

Massive splinters

Flakes

Including ‘knife-like blades’ or bladey flakes
Including citron

Levallois points

Single straight side-scrapers

Convergent side-scrapers

Chisel-like tools

Backed knives

Bifacial tools

Including handaxe-like knives with a handle
Including handaxe-like knives with a back
Including handaxes

Including chopping and cutting tools
Including choppers

Core-like choppers

Spearheads

Fragments of bifacial items
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2
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Fig. 5. Stone artefact 3. Zaskelna IX. 4, B — microcracks filled with ochre and adhesive mass of light grey colour on the
retouched edge; C, D — longitudinal and oblique striations from contact with hard material; E, G, I — isolated bright spots on
the area of the edge damage; G, H — pasty residues of red pigments

semblage is incomplete. The infrequency of small-
sized stone artefacts indicates either the washing out
of the small fraction or, less likely, its loss during
excavations. Some artefacts in the collection of the
lower layer of the site have features that can be in-
terpreted as natural fractures. They may relate to the
conditions of cultural remains displacement as a re-
sult of the partial collapse of the suffusion depres-
sion in which the site was initially located.
TBypological structure. According to Yu. H. Ko-
losov, the assemblage of the lower layer of Zaskel-
na IX includes 89 mainly light grey and black and
isolated pink flint artefacts and a fragment of a slate
plate (Table 1). Most of the tools are bifacial; among

them, hand-axe like backed knives prevail. Our and
Kolosov’s typological definitions are principally well
agreed, save for the one significant exception. It con-
cerns the artefact that Yu. H. Kolosov defined as a
core, while we define it as a chopper-core or core-
like chopper. According to Yu. H. Kolosov (Konocos
1983), the amount of tools in the complex of the lo-
wer layer of Zaskelna IX is 28 %. Our examination
reveals that the assemblage have no signs of on-the-
spot core knapping; there are only waste-flakes from
tool reshaping and sharpening and damage (fig. 2).
Some tools were also reshaped directly at the site,
as witnessed by a few refittings (fig. 2: 2—3). Two
massive chips with straight axes on presumably dis-
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Fig. 6. Stone artefact 4. Zaskelna IX. 4—C — pigment residues; D — organic residues in the micro-groove; £ — perpendicular
striations from contact with soft material; F, G, H — damage from the hafting; / — collagen residues (?)

tant raw materials document core usage with a bipo-
lar scheme of work surface utilisation and roughly
preparation of the striking platforms. Bifacial forms
of the lower layer assemblage constitute 60 % of the
total number of tools, according to Yu. H. Kolosov
(Konocog 1983). The available flakes and chips dem-
onstrate no correspondence to the available bifaces
on their negatives’ dimensionality and quantity. This
evidence indicates the bifacial artefacts reached the
site ready-made.

Attribution of the stone industry. For a long time,
the industry of the lower layer of the site was referred

to the earliest period of the Ak-Kaia Mousterian cul-
ture (KomocoB 1983; Komocos, Crenmanuyk, Yabait
1993). This interpretation is due to searching for the
local origins of manufacturing tradition of backed bi-
facial tools. Numerous archaic features (hand-axes,
choppers) of Zaskelna IX lower layer assemblage
were explained by the specificity of the economy pro-
file of the site, left by the bearers of the Micoquian Ak-
Kaia industrial tradition. However, the recent reexami-
nation of the assemblage showed that technologically
the lower layer of Zaskelna IX has little in common
with the Eastern European Micoquian, known in the
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Fig. 7. Stone artefact 5. Zaskelna IX. 4—F — pigment residues and traces of damage in the areas from the hafting

Crimea and elsewhere (YaGaii 2018; Ouepemmoii
2011; Kot 2013). The sequential shaping of the sur-
faces of bifacial tools is most typical for the Mico-
quian tradition (Bosinski 1967; Joris 2006). Instead,
a method of sequential processing of edges was used
at Zaskelna IX, additionally accompanied by turning
the tool surfaces and their rotation by 180° in a plane
(fig. 3). In contrast to the stone assemblages of even
the oldest Micoquain layers of Zaskelna group of sites,
the bifacial artefacts of Zaskelna IX show surfaces
roughly shaped by large removals produced exclusive-
ly by a hard hammerstone. There is no regular retou-
ching along the working edges, and some artefacts
show signs of using the bipolar technique for manu-
facturing and reshaping. The assemblage of the low-
er layer of Zaskelna IX contains archaic types, name-
ly hand-axes and choppers. The archaic typological
and technological features attribute the lower layer’s
assemblage to the Acheulean (Stepanchuk, Nezdolii
2018; Stepanchuk, Ryzhov, Nezdolii 2019). Dated

analogies in remote areas (Doronichev, Golovanova
2003; Moncel, Schreve 2016) suggest that the age of
the discussed materials may be at least 300—200 ky.

The series of stone artefacts involved in the
study. For the residual analysis, we selected 15
stone artefacts from the lower layer excavations
in 1974—1977. Pigment residues were found on
eight stone artefacts (Table 2; fig. 4—11).

The artefacts showed traces of encryption using
ink and glue and signs of easy cleaning after exca-
vations on visual inspection. The surfaces preserve
limestone-carbonate spots and remnants of detrital
sand. At low magnification, areas with a light blue
patinaare visible under the microscope. The microre-
lief of the scar negatives of bifacial artefacts is plane
and uniformly displayed under different lighting
angles. The edge areas with signs of wear in the
shape of scars and micro-scars have varying de-
grees of gloss and surface roughness due to the con-
tact with different materials. Striation, edge-dam-
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Table 2. Stone artefacts of Zaskelna IX, for which micro-residue analysis was carried out

Arte- | Inventory |Presence|Depth, | Length, | Width, | Thickness,| Weight,| Index of
fact, No. of cm mm mm mm g Invasive-
No. pigments ness

1 3ck. [X-74, 95— 106 65 31 293 0,5
mypd 1 125
2 3ck. 1X-74, + 110,2 | 63,8 47,1 321 0,42
mypd 1, I11
3ck. [X-74 + 11 54 20 12
4 3ck. 1X-75, + 125— | 64,7 56,6 20,9 69 0,85
ci. 2, Ne 39 130
5 3ck. 1X-74, + 138 193 81 34 609 0,67
mypd 1
6 3ck. [X-74, + 95— 179 80 30 448 0,63
urypd 1 125
7 3ck. IX-75, + 131 154 70 41 475 0,57
cil. 2
8 3ck. 1X-75, 160— 57 84 677 402
Ne 56 225
9 3ck. 1X-74, 15— | 103 57 21 152
mrypd 1, 180
npupizka
10 3ck. [X-75 + 102 (?7)| 178 62 32 348 0,81
11 3ck. 1X-74 125 22 44 60 27
12 3ck. IX-75 198 140 57 38 297 0,93
13 3ck. 1X-75, 115— 99 65 18 133
npupizka 180
14 3ck. [X-74, + 135— 95 47 13 49
urypd 1 180
15 3ck. [X-75, 125— 67 35 12 28
ci. 2, Ne 36 180

** After: Clarkson 2002

14
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Fig. 8. Stone artefact 6. Zaskelna IX. 4—C — edge damages are associated with contact from hard to soft materials; B — dark
grey pigments; D—F — residues of organic material; G—/ — damages are associated with contact of medium soft material

age, edge-rounding and bright spots were observed
in some areas of flint tools. Nodules, drops, flaws
formed of various non-siliceous materials are deter-
mined on the surfaces of edges with signs of wear.

Lithic artefacts and fauna remains are stored at
the Institute of Archaeology of the National Aca-
demy of Sciences of Ukraine.

Methods

To examine the surface of artefacts, we used a
Wraymer LW-820T binocular stereoscopic micro-
scope. The total magnification ranges between 6.7

to 45 x; the eyepiece field of view is 22 mm. A
Nikon D 3200 camera with a SA 20 microscope
adapter with 2 x magnification was used for pho-
tography. For more than 100-fold magnification,
an XJL-10la-Ulab metallographic microscope
with replaceable revolving heads was used. The
maximum magnification constitutes up to 1000 x.

Results

In the process of studying macro- and micro-traces
of usage on stone artefacts from the lower layer of
Zaskelna IX, traces of damage and destruction, as
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Fig. 9. Stone artefact 7. Zaskelna IX. 4, B — residues of light grey pigments; D — diagonal polishing on the edge damage; E,

F — residues of dark grey pigments approaching black

well as remnants of organic and mineral pigments
of different colours, as well as probable remains of
plant origin, were detected.

Evidence of edge damage and breakage. There
are two varieties of this kind of macro- and micro-
wear traces. The first variety is associated with the
edge damages that appeared during intense contact
with hard, sometimes medium-hard, and rarely soft
material. Irregularly stepped, half-moon scars and
scars with feather termination with low or medium
degrees of edge damages rounding are found. They
are mainly located at the point of convergence of
the left and right edges both on convex and straight
areas. Perpendicular and diagonal striations and
rough polishing are observed, which can be asso-
ciated with cutting and chopping operations in the
disassembly of animal carcasses. Another variety
of wear traced on the main surfaces and peripher-

al ends of artefacts indicate a different cause of da-
mages. There are longitudinal striations and shiny
light polishing (bright spots) in the distal and medi-
al parts of the artefacts, on ridges between negatives
and along the artefacts’ edges. The latter are blunted
due to abrasion and damage.

Residues of pigments. As a rule, outside the zones
that were showing the wear damage, which occurred
during the work, the remnants of organic and mine-
ral composition pigments were recorded under mag-
nification in different parts of the artefacts. By colour,
the detected pigments are divided into three groups:
red with light and dark shades, light grey with yellow
and green hues, and dark grey to black. The variously
coloured and mainly presented in spot-like form, the
residues also differ in density and structure. The first
group consisted of conditionally «red» pigments with
a fragile base containing quartz impurities in the mi-
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Fig. 10. Stone artefact 10. Zaskelna IX. 4—C — residues of pasty light grey and red pigments

crostructure, traced at a magnification of 10 to 90 x.
The quartz grain diameter is less than 0.1 to 0.5 mm.
There are transparent with glare and opaque yellowish
oval grains of quartz, and when trying to tear them off
the surface, they break up into tiny elongated lamellar
parts. Under a magnification of up to 200 x, the reflec-
ting light dark grey to almost black rounded droplets
are observed (fig. 4: c—f; 5: £ 8: g; 9: e; 11: a, b, d).
Residues of the second group, namely light grey
pigments with yellow and green hues, are charac-
terised by a pasty base of organic origin. The struc-
ture is pasty and translucent with glare. In pigments,
from time to time, elongated and oval with a reddish
colour are traced from separate spots of light and
dark shades. Often red dots of the first type are at-
tached to them. As a rule, they are located on the top
of these spots (fig. 6: b, c; 7: a; 8: b; 9: b; 10: a—=;
11: e). Along the periphery, the spots smoothly transit
to the surface of the flint artefact. Depending on the

location and structure of the flint material, the transi-
tion zones are also traced in microcracks and cavities
(fig. 5:a,b;6: b, c;9: a—c; 10: a; 11: ¢, e, f).

The third group includes dark grey, amor-
phous, often spotted pigments. At the periphery,
these resinous spots have sharp contacts into the
primary siliceous material of the artefact. When
trying to tear them off the surface, they break up
into small fragments with smooth edges (fig. 4:
c—f;8:¢c,g;9:¢e, ).

Remains of probable plant origin. During the
research, the remains of organic materials were re-
corded, which requires more detailed further re-
search. In particular, on artefact 6 (fig. 8), frag-
ments of plant origin (tree ?) were revealed, ac-
cording to preliminary estimates. Fragments were
found in the locations with scaring fractures of the
biface. Use-wear, morphology and topography
of the section indicate contact with hard organic
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Fig. 11. Stone artefact 14. Zaskelna IX. Residues of pigments of the main types. A—C, F, G—I — red with light and yellow shades;
D — dark grey to black formation on a background of light grey with yellow hues; £ — light grey with yellow and green hues

material. Small-diameter bright spots, separation
grooves and ridges (fig. 8: c, d, g, 1). In the distal
part of the artefact 3, a comparatively large col-
lagen spot of unknown origin was found (fig. 6:
d, i). The presented biface fragment contains evi-
dence of pigments of the first and second groups
(fig. 6: a, ¢). The use-wear and edge damage indi-
cate contact with soft to medium-soft material, like
tissues of plant and animal origin. The third group
includes dark grey, amorphous, often spotted pig-
ments. At the periphery, these resinous spots have
sharp contacts with the primary siliceous material
of the artefact. When trying to tear them off the

surface, they break up into small fragments with
smooth edges (fig. 4: ¢, f; 8: d, g; 9: ¢, f).

Discussion

Ochre spots of the first and second groups gravi-
tating to the periphery of the marginal areas of the
siliceous surface of stone tools are often mixed and
include impurities of dark grey spots referred to
the third group. On other surfaces, particularly car-
bonate areas, the artefacts demonstrate bright spots
and striation, sometimes possessing lustre. In the
areas of well-detected microwear traces (striation,
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smooth stretches, grooves) and the depressions of
the relief of the artefacts (fig. 6: d, h; 9: b—f; 11: g,
h), these pigments often have a marked light yel-
low and reddish hue. Dark grey and yellow spots
of likely resin are preferably confined to areas of
polishing and areas with signs of high pressure ap-
peared between the tool and the contact materials
(fig. 4: c—f; 5: ¢, d; 11: a—c, f—i).

The study of the macro- and micro-patterns of
marginal damage revealed a correlation between
pigments of different types and specific types of
damage. Some areas of the marginal zones of the
tools have multiple overlapping scars, characte-
rised by step and hinge terminations of a rounded
proximal edge. We believe the microrelief of scar
negatives, and their morphology indicate contact
with a handle. The correlation between the dam-
ages and pigments can be explained by the pos-
sible usage of organic substances and glue when
fixing a soft handle made of leather or plant to a
stone tool (fig. 4: a—f; 5: c—i; 6: d—h; 7: a—f;
9: b—f; 11: a—i).

The above suggestions are supported by the
fact that some areas of the studied stone artefacts
indicate intense continuous pressure. These areas
are characterised by extended microcracks loca-
lised along the pressure line and contain the ochre
material (fig. 4: a, b).

The microfractures in some areas have exten-
sions in the shape of triangular and wedge-shaped
bound (sliced) scars with small bright spots and
signs of contact with soft and medium-soft mate-
rial (fig. 4: c—f; 5: e—i; 6:d, e, h, 1; 8: ¢—1i; 9: d),
as well as with hard material (fig. 5: c, d).

Conclusions

A sample of fifteen flint tools from the lower layer
of Zaskelna IX site was subjected to micro-residue
and use-wear analysis for the first time. According
to the techno-typological features, the lower layer
of Zaskelna IX can not be referred to the Mico-
quian of Ak-Kaia type and instead belongs to the
Acheulean. The exact chronological position of the
layer is currently unknown; the probable age of the
assemblage is estimated on the ground of techno-
typological features as at least 300—200 ky. The
features of the raw materials suggest the presence
of several items from a mobile set of tools and a
series of similar artefacts on pebbles and flint tiles
from nearby deposits, away from the site’s loca-
tion at a distance of up to 5 km. The stone tools
were brought to the site in finished shape, howev-

er, some of them had been repaired at the site. The
pigments could be derived from outcrops accessi-
ble up to 2 km away.

According to the preliminary study results,
most of the analysed bifacial artefacts from the
lower layer of Zaskelna IX demonstrate signs of
being used as cutting tools for soft and hard organ-
ic materials, presumably for the butchering of ani-
mal carcasses.

Residual of organic and mineral origin were re-
corded in different areas of the surface of stone ar-
tefacts, usually outside the area of butchering wear.
Red, light yellow and dark grey pigments were re-
corded on eight items. Organic substances were
found on two artefacts, further study of which re-
quires additional types of analysis. Pigment location
pattern and the relationship between them and differ-
ent kinds of use-wear suggest that the ochre was used
at Zaskelna IX site as a paste component for hol-
ding tools in a handle or hafting leather or plant wrap-
pers on stone tools. A protective wrap or pad is the
simplest and probably the earliest invented handle
(Barham 2013). Archaeological, experimental and
ethnographic analogies of such protecting accom-
modations are widely reported (Wadley, Williamson,
Lombard 2004; Wadley 2005; Wadley, Hodgskiss,
Grant 2009; Rots, Van Peer, Vermeersch 2011).

These are the so-called soft handles. The stone
tools equipped with this kind of accommodation
during work, for instance, butchering, were not
held in bare hands, and its non-cutting part was
wrapped in a piece of leather and bandaged. For a
tighter fixation, such a soft handle could be addi-
tionally attached to the tool’s surface using adhe-
sives such as resin. Adhesive mixtures could con-
tain natural pigments.

The suggested evidence of using soft handles
during the late Acheulean is of particular interest.
The possible usage of sophisticated technology in
the lower layer of Zaskelna IX involving the manu-
facture of special fastening adhesives containing
ochre powder, expands our understanding of an-
cient technologies and life support strategies. The
conducted pilot residual analysis demonstrates the
great potential of micro-studies of materials from
the Crimean Palaeolithic sites.
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! Kanouoam icmopuunux Hayk, ooyenm kageopu apxeonozii ma my3ec3nascmea,

Kuiscokuu nayionanvnuii ynieepcumem imeni Tapaca Llleguenka

2 JIokmop iCmopudHUX HAYK, NPOGIOHULL HAYKOBULL CNI8POOIMHUK 8I00LLY apxeono2ii kam aHol 00ou,
Inemumym apxeonoeii HAH Ykpainu

3 Monoowuiil naykosuti cnigpoOimnux i00iny apxeonozii kam ol 0oou,

Inemumym apxeonoeii HAH Yxpainu|

4 Kanouoam icmopuunux HayK, HAyKOGUll CRiGpOBImHUK 6i00LLy apxeonodii kam siHoi doou,

Incmumym apxeonoeii HAH Ykpainu

MIKPO3AJTMIIKOBUN AHATI3 KAM’AHUX 3HAPAb CTOSIHKU 3ACKEJbHA IX YV KPUMY:
MMEPIII PE3YJIbTATU

CraTTs IpUCBAYCHA Pe3yNIbTaTaM JOCHTIKeHHS IIOBEPXOHb KaM SHUX apTe(aKTiB HIXXHBOTO [Iapy CTOSHKH 3ackenbHa [X
y Kpumy.

TpuBanuii 9ac KOMIUIEKC HIDKHBOTO IAapy CTOSHKH BIIHOCHIIM JIO PAaHHBOTO €TaIly aKKaHCBhKOI MyCThEPCHKOI KyJIBTYpH,
HE cTapillle OCTAaHHBOT'O MIKJIBOIOBHKIB s TUIeiicTOleHy. OHAK HOBa PEBi3is TEXHIKO-TUIIOJIOTIYHUX 03HAK KOJIEKIIii 3HaXiT0K
JI03BOJISIE BiTHECTH MaTepiali HIPKHBOTO MIAapy CTOSHKH J0 allelnbchbKoro dacy. Ha BinmMiHy Bix MaTepiaiiiB HaBiTh HaTaBHIIIHX
mIapiB aKKalChKOI MYCTBEPCHKOI KyNBTYpH, KaM’'sHI apTeakTH CTOSHKH 3ackenbHa [X He MaloTh SICKPaBO BHPAKEHOTO
TPaAUIiIHHOTO MIKOKCBKOTO XapakTepy IBOOIYHOI 00poOkyu 3Hapsab. OGopMIeHHS KaM STHUX 3HapsAb 3AIHCHIOBATIOCS METO-
JIOM IIPSIMOTO yJapy 3 BUKOPHCTAHHSAM TBepAuX BinOiitHuKiB. Habip 3Hapsaab BKIIOYae pydHi pyOHiIa, YONEepH i JOIOTONOAiI0H]
BUPOOH.

Jlns mocmipKeHHsT MiKpo3aaumikiB Oyino BimiOpaHo 15 kaM’sHEX apTedakTiB: JBOCTOPOHHI 3HAPSIAS, BINIIENH, HyKIIe-
noxioHuit gorep. I1ix wac mocmimkeHHs OyIH BUABIEHI Makpo- i MIKPOCIIiAN BUKOPHCTAHHS, O3HAKH ITONIKOKEHHS Ta PyHHY-
BaHHS KpaiB apredakriB. Ha BocbMH kaM’sTHIX BUPO0OaxX BUSBICHI MiKPO3AIUIIKH Pi3HOKOJILOPOBHX MIrMEHTIB OPTraHiqHOTO H
MIHEpaIFHOTO CKIIALy.

MiKpo3anuIIKy OpraHiTHOro # MiHEpaIbHOTO ITOXOKEHHS OyH 3adikcoBaHi Ha Pi3HUX JIUITHKAX MOBEPXOHb apTe(akTiB,
SIK TIPABUJIO, 11032 30HOIO MOIMIKO/PKEHB, [0 BUHUKIIN B IIPOIIeci BUKOpUCTaHH:. KopesIis po3TanryBaHHs 3aJIUIIKIB IITMEHTIB
13 TOIIKO/KEHHSIMHY 3HOCY JTO3BOJISIE IPUITYCTUTH, 1[0 BOXPa, IMOBIPHO, BUKOPHUCTOBYBAIACS HA CTOSHIN 3ackenbHa [X (HIOKHIHA
mIap) sIKk KOMITOHEHT KJIeto U1 (hikcamii B pykiB’sax abo s dikcamii 3a JOIToMOororo M’sIK0i HaKJIaJKH OPTaHiYHOTO OXOPKCHHSL.

IMepmri Bka3iBKH Ha HMOBIpHE BUKOPHUCTAHHS B HIDKHBOMY Inapi 3ackenbHoi X ckitagHOT TEXHOIOTII, IO BKIIOYAa€E BUTO-
TOBJIEHHS CHELiaJIbHUX KJIEiB JUI 3aTHCKY KaM’ SHUX 3Hapsb, 0 CKIAIy SKHUX BXOJIUB IOPOIIOK BOXPH, PO3IIMPIOIOTH Hamli
YSIBIICHHS IIPO CTapOAaBHi NOBEIHKOBI TEXHOJIOTII 1 CTpaTerii BIDKMBAHHS.

Knrnwuoei caoea: zamwxosuii ananis, MiKpopewmkuy, nieMeHmu, M sake pykie’s, nareonim, auens, Kpum,
Cxiona €spona.

C. H. Prixos!, B. H. Crenanuyk %, A. M. Hezpoamit®, A. A. Berpos*

! Kanoudam ucmopuueckux Hayk, 00yenm Kageopvl apxeono2uu u My3eeeedenus,

Kueesckuii nayuonanvnwviil ynusepcumem umenu Tapaca Lllesuenxa

2 JIoKmop ucmopuueckux Hayx, 6e0Vuil HayuHolll COMPYOHUK OMOENA apXeoio2uu KAMEHHO20 6eKd,
HUnemumym apxeonocuu HAH Ykpaunwoi

3 Muaowuti nayunviti compyoHUuK omoena apxeonocuu KAMeHHO20 6eKd,

Hucmumym apxeonoeuu HAH Yrpaunwvi

4 Kanouoam ucmopuueckux HayK, HayuHolli COMpYOHUK OMOeld apxeoioull KAMEeHHO20 6eKd,

Hucmumyma apxeonozuu HAH Yxpaunwv

MUWKPOOCTATOYHBIM AHAIM3 KAMEHHBIX OPYIUM CTOAHKM 3ACKAJIBHASA IX B KPBIMY:
IMEPBBIE PE3YJIbTATDBI

Crartbst OCBSAIIIEHA pe3yJIbTaTaM HCCIIeJ0BaHMsI IIOBEPXHOCTEH KaMEHHBIX apTe(haKToB HIDKHETO cJI0s CTOSTHKHY 3ackanbHast X B Kpeivy.

Jloiroe BpeMst KOMILIEKC HIDKHETO CJIOSI CTOSSHKU OTHOCHIIM K paHHEMY ATaIly aKKalCKOM MyCTbEpCKOM KyJIbTypbl HE CTaplIe HO-
CJICTHEr0 MEXJICAHUKOBBS IUIeiicToleHa. OJHAKO HOBasl PEBU3MSA TEXHUKO-TUIIONIOIMYECKUX IIPU3HAKOB II03BOJIET yIPEBHUTH BO3-
pacT MaTepHalIOB U OTHECTH HIDKHUM CIIOU CTOSHKH K allleNIbCKOMY BpeMeHU. B oTin4due oT MaTepualoB JaKe CaMbIX IPEBHUX CIOEB
AKKaICKOH MyCTBEePCKOH KyJIBTypbl, KaMEHHbIE apTe(haKThl CTOSHKN 3acKaibHas [X He MMEIOT SIpKO BEIPKEHHOTO TPAJUIIIOHHOTO
MHKOKCKOTO XapakTepa JByCTOpOHHeH o0paboTku opyamid. OdopmiieHre opyauii OCYIIECTBISLIOCh METOIOM IPSIMOTO yaapa ¢ Uc-
HOJIE30BaHIEM TBEPABIX 0TOOHHHUKOB. OpyAHiHBI HaOOp BKIIFOYAET PyqHbIE pyOuiia, YONINEpE! U JOJIOTOBHAHbIC U3EHs.

Jlns uccieioBaHusl MUKPOOCTAaTKOB OBUIO 0TOOpaHO 15 KaMeHHBIX apTe(aKkToB: IBYCTOPOHHHE OPYIUs, OTIIEHHI, HyKIIe-
BUHBIHA gormep. B xone uccnenoBanus ObUIM BBIIBICHBI MAaKpO- U MHKPOCIEIB! HCTIOIB30BAHNS, IPU3HAKU ITOBPEXKICHHUS U
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paspyieHns: KpoMok apTedaxToB. Ha BOCBMU KaMEHHBIX U3JENMHIX OOHAPYKCHBI MHKPOOCTATKH PA3HOIBETHBIX ITHTMEHTOB
OPTaHNYECKOTO ¥ MHHEPAIBHOTO COCTABA, a TAK)KE BO3MOXHBIC OCTATKH PACTUTEIBHOTO MPOUCXOXKICHHS.

MHUKpOOCTAaTKH OPTaHUYECKOTO U MUHEPATBHOTO MPOUCXOXKICHNUS ObLIN 3a(pKCHPOBAHBI HA PA3HBIX yYaCTKaX IMMOBEPXHO-
cTH apTe(haKToB, KaK IPABUIIO, BHE 30HBI TOBPEXKCHHH, BO3HUKIINX B MPOIECCEe UCIIONB30BaHMA. Koppesnus pacnonoxeH s
OCTAaTKOB IMTUTMEHTOB C MOBPEKACHUAMH H3HOCA TO3BOJISICT MPEANOIOKHUTD, YTO 0XPa, BEPOATHO, UCIIONH30BANACh HA CTOSHKE
3ackanpHas IX (HWKHHH CIIOH) KaK KOMIIOHEHT Kiesl A1 (PUKCAIlK B PYKOSATH WM IUIsl (PUKCAUK TIPH MOMOIIY MATKOH Ha-
KIIaJJKH OPTaHUIECKOTO IPOUCXOKICHUSL.

[epBble yka3aHHs Ha BEPOSTHOE HCHOJIB30BAHNE B HIDKHEM cioe 3ackaibHast [X clI0KHOH TeXHOIOTHH, BKIIOYAIOMIEH 13-
TOTOBJICHUE CIICIIMAIBHBIX KPETIeKHBIX KJIEEB, B COCTaB KOTOPHIX BXOAWII IIOPOIIOK OXPHI, PACIIUPSIOT HAIIM IPECTaBICHUS O
JPEBHUX MTOBEACHUECKUX TEXHOJIOTHAX U CTPATETHAX BBKUBAHUSL.

Knwouesuwie cuoea: ocmamounvlil ananus, MUKpOOCHAmKU, RUSMeHMbl, MASKA PYKOAMb, NANe0IUM, dulelb,
Kpwim, Bocmounas Eepona.
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