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The Use of 3D-Modeling for Reconstructing the Appearance 
and Function of Non-Utilitarian Items 

(the Case of Anthropomorphic Figurines from Tourist-2)

This article presents the results of study of an Early Bronze ivory fi gurine from Tourist-2, using 3D-scanning 
with various technical parameters. The aim of the study was to test the new non-invasive methods of structured light 
3D-scanning, with an accurate assessment of morphometric characteristics. In addition, use-wear analysis was 
employed to evaluate the previously unknown features relating to function. As a result, the original appearance of the 
fi gurine, the manufacturing technique, and iconographic characteristics were reconstructed. A seri es of transverse 
sections and the evaluation of the center of mass, combined with previously known features, suggest that the fi gurine 
was a personal ornament sewn onto clothing. For comparison, two fl at anthropomorphic sculptures (a buckle made 
of burl, and a shale fi gurine) from the same burial complex were analyzed. Longitudinal sections suggest that, despite 
morphological and technological differences and the fact that various raw materials had been used, the iconographic 
style of all items is one and the same.

Keywords: Bronze Age, Krokhalevka culture, anthropomorphic sculpture, iconographic style, 3D-modeling, use-
wear analysis.

THE METAL AGES AND MEDIEVAL PERIOD

Introduction

The development of archaeological science in recent 
years is determined by mainstreaming new methods 
and technologies. 3D-modeling, which can be used both 
as an independent research tool and in concert with 
conventional methods, occupies a prominent place in this 
process. One of the main and undeniable advantages of 
using 3D-modeling of archaeological artifacts as a part of 
scanning (as compared to trace-drawing, photography, and 

photogrammetry) is the  possibility of the relatively quick 
creation of high-quality scale models. However, the use of 
this method is not limited to visualization, and offers many 
new opportunities for obtaining verifi able results.

First efforts to study artifacts by means of digital 
models were made as early as the end of the 20th century 
(Wood, Chapman, 1992; Levoy et al., 2000). Since then, 
modeling with the use of structured-light 3D-scanners has 
become a widespread tool for visualization and study of 
historical and cultural values (Mcpherron, Gernat, Hublin, 
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2009; Counts, Averett, Garstki, 2016). For the study 
of artifacts of the Bronze and Iron Ages, 3D-modeling 
is already used as a conventional method (Karasik, 
Smilansky, 2008).

3D-modeling is widely used in the study of 
petroglyphs. Analysis of 3D-models allows not only the 
documenting and storing of items, but al so the obtaining 
of new information as a result of the discovery of earlier 
invisible drawings, stratifi cation of images superimposed 
on one another, and determination of their application 
technologies (Grimaud, Cassen, 2016; Devlet et al., 2017; 
Zotkina, 2019; Zotkina, Kovalev, 2019).

A special area for using new technologies is the study 
of unique non-utilitarian items. No generally accepted 
protocol for the study of these items has been created 
so far owing to differences in their morphology and 
functions (Counts, Averett, Garstki, 2016; Grosman 
et al., 2017; Morris, Peatfi eld, O’Neill, 2018). The most 
spectacular example of such research is the establishment 
of the fu nctions of masks from the Levantine Neolithic 
assemblages, which resulted in a conclusion about the 
post-mortem type of these items (Grosman, Ovadia, 
Bogdanovsky, 2014).

This article presents the experiences of the first 
Russian archaeological study aimed at reconstructing, 
on the basis of 3D-scanning methods, technological 
and experimental use-wear analyses, the appearance, 
function, manufacturing technique, and iconographic 
characteristics of anthropomorphic fi gurines.

Study materials

The object of our study is an ivory anthropomorphic 
figurine from burial 5 of Tourist-2 (Novosibirsk), a 
cemetery from the Early Bronze Age (Basova et al., 2017). 
In order to perform cultural and stylistic interpretations, 
we involved two other anthropomorphic fi gurines from 
this burial complex: a buckle made of burl (a tree growth 
with deformed wood grains) found in the same burial, and 
a shale fi gurine from burial 6*.

*See the location of site, description and representations of 
the anthropomorphic fi gurines under consideration in the article 
by N.V. Basova, A.V. Postnov, A.L. Zaika, and V.I. Molodin, in 
this issue of the journal.

Fig. 1. Location of anthropomorphic fi gurines in burial 5.
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3D-photos, 2000–5000 points in each, were taken for 
model No. 1. After combination of images, we obtained 
polygonal 3D-models with the following parameters: 
No. 1 – 972,848 polygons, No. 2 – 1,292,650 polygons, 
and No. 3 – 3,194,026 polygons.

Subsequent processing of models was carried out 
with Autodesk Netfabb and Meshmixer software. This 
provides for the following: fi rst, to fi ll empty areas in a 
3D-model automatically on the basis of interpolation of 
coordinates of the area end-points, thus reconstructing 
the initial surface approximately; second, to rectify 
errors of the polygonal model, such as self-intersections, 
small spines, islets, etc. All manipulations with models 
(determination of the item’s center of mass and cross-
section, calculation of volume) were performed by this 
program.

The geometric point of applying the total gravitational 
force acting on the particles of a body at any position 
of the latter in space is called center of gravity. The 
center of gravity of a solid in a uniform gravitational 
fi eld coincides with the position of its center of mass. 
Calculation of the center of gravity of a 3D-model is 
conducted assuming that it is a uniform body. In such a 
case, the center of gravity will be the geometric center 
of the model (barycenter or centroid). The barycenter’s 
coordinates are calculated as the arithmetic mean of the 
coordinates of all the 3D-model’s points, or by the method 
of partitioning into a fi nite number of parts: for example, 
tetrahedrons. The last method is suitable, since each 
triangle of the polygonal model’s surface will correspond 
to a tetrahedron face, while the fourth apex will lie normal 
to this polygon; the coordinates of the center of volume 
for each part are calculated from the apex’s coordinates 
(Ponarin, 2009: 36). The total body volume equals to the 
sum of the component volumes:

 .
Coordinates of the body center of gravity are 

determined from the following formulas:
,  

,  

,
where xi, yi, zi are coordinates of the centers of gravity of 
the components (Targ, 1986: 38–39).

Reconstruction of the missing elements of model 
No. 1 was performed by the method of mirror refl ection 
of the corresponding elements (taking into account an 
assumption concerning the symmetry of these elements) 
and partial sculpting using the Autodesk Meshmixer 
software package. The integrated study included 
experimental use-wear and technological analyses of 
the anthropomorphic sculptures. To reconstruct ancient 
technologies for processing of raw materials, several 

In the burial, at a depth of 0.8 m below the daylight 
surface, the skeleton of a 40–45-year-old man was 
found, in an extended supine position, with his head 
towards the north. The small bones of feet and hands 
were absent. Northwest of the skeleton, a fragment of 
the right side of the mandible of a 20–25-year-old man 
(defi nitions made by a Junior Researcher of the IAET 
SB RAS, M.S. Kishkurno) was recorded. Between this 
fragment and the skull of the adult man, there was an 
accumulation of artifacts, including two polished stone 
knives, fl akes, beaver’s incisors, bone items, and the 
anthropomorphic fi gurine to be analyzed (Fig. 1). The 
artifact under study had been partially destroyed, owing 
to natural fracturing and exfoliation of the tusk over its 
cone-like structure. During conservation and restoration 
works, the fi nd was glued together, though small surface 
areas near the head proved to be lost. A buckle made 
of burl was lying parallel to the humerus of the full 
skeleton (Fig. 1). The third fi gurine under consideration 
was located in grave 6, just above the pelvic bones of a 
buried adult man (Ibid.).

Study methods

All three anthropomorphic fi gurines from the Tourist-2 
burial complex were subjected to 3D-scanning with the 
use of structured-light technique (Fig. 2). The method 
consists in projecting the sets of light strips onto a scanned 
item, using a video projector, wherein the light strips 
are recorded by high-precision digital cameras. On the 
basis of transformations of a strip sample with the use of 
software, a 3D-grid of the item’s surface is calculated.

A Thor  Drake 3D-scanner with a resolution of 
0.15 mm and accuracy of 3D-point (root-mean-square 
deviation) of 0.04 mm was used for 3D-scanning of the 
ivory anthropomorphic fi gurine (model No. 1). 3D-models 
of two other items were obtained using a Rangevision Pro 
5M 3D-scanner. The resolution for the burl buckle (model 
No. 2) is 0.1 mm, and for the anthropomorphic shale 
fi gurine (model No. 3) 0.04 mm; the 3D-point accuracy 
is 0.03 and 0.018 mm, respectively.

The 3D -scanning process comprises two steps: 
photographing and superimposition of 3D-images 
to form a single model (Chistyakov et al., 2019). 
50 and 70 3D-images, about 1.2–1.5 mln points in 
each, were produced for models No. 2 and No. 3, 
respectively. Markers, i.e. special marks determined by 
software during scanning, were used in order to partly 
automate superimposition of 3D-images. The Thor 
Drake 3D-scanner employs a slightly different projection 
principle that consists in applying a grid and producing 
3D-images with a higher rate, but a smaller number of 
points in each. Consequently, creation of a model of 
equal quality requires a greater number of photos. 3757 
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specialized scientifi c procedures were performed: analysis 
of the technological context, the specific shapes and 
technological order of the item’s production, treatment 
techniques, tools in use, types and sources of raw 
materials, experimental modeling of various methods 
and technologies of treatment (White, 2007; Khlopachev, 
Girya, 2010: 7–38).

Experimental use-wear analysis was employed 
to reconstruct the functions, purposes, and methods 
of manufacture of ancient artifacts. It included two 
interrelated scientifi c procedures: study of the working 
surfaces of tools in order to reveal, analyze, and record 
the wear/treatment marks; and physical modeling of 
the processes of the manufacture of replicas of ancient 
artifacts to produce reference samples. Analysis of 
traces was carried out at low (×7–45) magnifi cation, 
using the binocular microscope Altami CM0745-T with 
oblique illumination. Photographic fi xation of them was 
performed by a Canon EOS 5D Mark IV mirror chamber 
with Canon EF 100mm f/2.8L Macro IS USM and MP-E 
65mm F2.8 1-5X Macro lenses, and a tripod mount with 
manual focus adjustment. Photographs with focusing 
in the entire area of one frame were obtained with 
the Helicon Focus program. Interpretation of various 
categories of traces included experimental data from 
the published sources (Khlopachev, Girya, 2010: 39–
101; Heckel, Wolf, 2014; Steguweit, 2015; Hein, 2018) 
and the results of our own experimental observations. 
The employed study model was tested by the authors 

in the analysis of bone artifacts from the Paleolithic 
sites of Altai (Shunkov, Fedorchenko, Kozlikin, 2017; 
Derevianko et al., 2018).

Results of the study

We have determined the state of preservation of 
the analyzed ivory anthropomorphic figurine to be 
satisfactory. Use-wear analysis has shown that treatment 
and wear marks on the artifact are not fully preserved, 
as they were deformed owing to exfoliation over tusk 
growth cones because of drying and surface erosion. 

Fig. 2. 3D-models of anthropomorphic figurines made of 
mammoth tusk (1), shale (2), and burl (3). 
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Nevertheless, cer tain reduction in the informational 
value of this item didn’t preclude our performing all the 
scientifi c procedures required to establish the purpose and 
production technology of the artifact.

The analysis of treatment marks, morphometric and 
raw-material features of the ivory anthropomorphic 
sculpture suggests a rather specifi c technological order 
aimed at producing elongated, massive spalls. Source 
raw materials were obviously found in the fossil 
condition, since the last woolly mammoths (Mammuthus 
primigenius) disappeared from the major part of Siberia at 
the end of the Late Pleistocene (MacDonald et al., 2012). 
In the Early Metal Age in Western Siberia, the mammoth 
tusk could have been acquired in the bank exposures of 
river valleys (Borodovsky, 1995; Borodovsky, 2012: 33).

Treatment of fossil ivory raw materials was stagially 
preceded by releasing the tusk dentin body from the 
surface cement layer. The next stage was production 
of the initial base spall. Traces of primary treatment on 
the artifact’s surfaces have been lost, owing to strong 
modifi cation of its morphology at the subsequent stages 
of manufacture of the anthropomorphic figurine. The 
morphometric parameters (massiveness and large length) 
and special features of the artifact’s orientation relative 
to the tusk’s laminated structure suggest that the blank 
probably had a rod-like shape and a wide V-shaped 
cross-section. Such morphology points to production of 
an elongated spall by deep longitudinal cutting out or 
adzing, with subsequent breaking of a pre-wetted tusk 
(Khlopachev, Girya, 2010: 29).

The reduction variant under consideration could have 
been implemented both along the predetermined grooves 
and without them. In the last case, the role of grooves 
initiating the process of producing elongated rod-like 
blanks could have been played by deep longitudinal 
cracks on the tusk’s surface, which were typical of the 
fossil ivory. According to data from A.P. Borodovsky, 
heavy-duty metal tools were widely used for the primary 
treatment of mammoth tusks in the Bronze and Early Iron 
Ages (1997: 108–109). During detachment of elongated 
spalls from the tusk body, a system of wedges and levers 
was obviously employed.

At the next stage, blank surfaces were treated by 
slicing, probably in a wetted state as well. Traces of 
slicing with a metal tool with a relatively straight blade 
are preserved on the ventral side of the item (Fig. 3, 2). At 
×10–45 magnifi cation, they have the appearance of lengthy, 
winding furrows going diagonally relative to the long axis 
of the artifact. Slicing was used to level the surface and to 
shape the outlines of the face and headdress.

The next stage of manufacture of the anthropomorphic 
figurine involved fashioning the facial features using 
various tools. Both eyes are rendered by blind holes 
carved with a tool with a U-shaped blade, such as an oval 
chisel (Fig. 4). The type of the mouth’s cross-section 
suggests that is was shaped with the same tool with a 
V-shaped cross-section that had been used for treatment 
at the previous stage (Fig. 5).

A metal knife with a sharp-pointed blade was 
likely also used for the subsequent manufacture of two 

Fig. 3. Shaping of biconical through holes from the rear (1) and face (3) sides, and marks of slicing on the artifact’s surface (2).
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biconical holes at the edges of the item, one of which 
is fully preserved. Inside this hole, marks typical of 
cutting through are recorded (see Fig. 3, 1, 3). First, a 
through hole in the form of a wide oval truncated cone 
was formed on the ivory blank on its ventral side. Then, 
it was broadened on the opposite side in the reverse 
direction. There are no traces of leveling the hole’s 
passage by additional boring.

The state of preservation of the sculpture’s surfaces 
gave no means of revealing use-wear traces inside the 
holes. Nevertheless, owing to the use of 3D-modeling 
tools, consistent data re garding the functions of the 
analyzed artifact were obtained. With the help of the 
3D-model we made a longitudinal section, which let us 
see the profi le of the intact right hole (Fig. 6, 2). Such a 
visualization can be obtained only by 3D-modeling, using 
scanning or photogrammetry.

The use of 3D-modeling offered the possibility 
of determining the item’s center of gravity, which is 
visualized in the form of red circle on the model (Fig. 6, 1). 
It is located below symmetrical side holes (an intact 
and a fragmented), equally spaced from these. Such a 
position of the center of mass, coinciding with the center 
of gravity, ensured the stability of the sewed-on sculpture, 
though the elongated item was attached to the clothing 
at two points only. During wearing, the upper part of the 
fi gurine could not incline forward. The physical properties 
of the item guaranteed its strictly vertical position. This 
fact is an additional argument for the high-class skill of 
the artisan who manufactured this fi gurine and provided 
for its comfortable use.

The employed method of mirror refl ection allowed 
the missing parts of the analyzed sculpture to be 
reconstructed, including the left hole for fastening (Fig. 7). 
0.7 % of the item’s volume was replenished. As a result 
of reconstruction, measurements of drilled holes and 
their comparison became possible (Fig. 8, 2). The axes 
of these holes intersect at the point corresponding to the 
longitudinal plane of the sculpture’s symmetry (Fig. 8, 1). 
Such a direction is typical for the items that were attached 
to the clothing by two relatively thin straps or threads 
(Dayet et al., 2017: 642–643; Fedorchenko, 2018: 120).

Discussion

Ivory was one of the most in-demand organic fabricating 
materials, and was exceptionally widely used in Northern 
Eurasia to create various formal tools, personal ornaments 
and objects of art, starting in the Early Upper Paleolithic 
(Petrin, 1986: 82; Makarov, 2013; Pitulko, Pavlova, 
Nikolskiy, 2015; Sinitsyn, 2016; Shunkov, Fedorchenko, 
Kozlikin, 2017; Krivoshapkin et al., 2018). In the 
Holocene, the developed technologies of ivory-treatment 
continued their existence in the Siberian Arctic, as 
indicated by materials from the Mesolithic site on 
Zhokhovo Island in the East Siberian Sea and from the 
Rodinka Neolithic burial in the Lower Kolyma region 
(Girya, 2015; Kistenev, 1992).

Some of the most vivid examples of the manufacture 
of ivory anthropomorphic fi gurines in the Late Bronze 
Age in Siberia are recorded in the Glazkovo culture’s 

Fig. 4. Shaping of eyes using a tool with a U-shaped blade. Fig. 5. Face of the sculpture: shaping of nose and mouth.
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burial complexes in Cis-Baikal region: the cemeteries 
of Ust-Uda (burial 4 and 6), Semenovsky (burial 4); 
Bratsky Kamen (buria l  1) ,  and Novy Kachug 
(burial 1) (Okladnikov, 1955: 285–287). Taking 
into consideration the object of our study, of special 
interest are two flat ivory figurines from the Ust-
Uda cemetery that represent images of a man and a 
woman. Four biconical holes are shaped in each of the 
humeral and femoral parts of these fi gurines (Ibid.: 
286–287, fi g. 139–140). The position of the fi gurines 
in the thoracic and abdominal regions suggest that 
these were attached to clothing. Another two fl at ivory 
anthropomorphic fi gurines were discovered in the Late 
Bronze Age burial in the mouth of the Koda River, in 

the Northern Angara region (Drozdov, 1974). Later 
examples of ivory treatment in Western Siberia are 
recorded in the materials of the Ust-Polui sanctuary of 
the Early Iron Age in the mouth of the Ob River, and 
at the early medieval sites of Verkhne-Aksenovo-2, 
Sopka-1, and Kipo-Kulary (Borodovsky, 1997: 104–
111; Borodovsky, 2012). In certain areas of  the Siberian 
North, the mammoth-tusks are used as a fabricating 
material up until the present day (Fedorov, 2017).

The fi rst publication devoted to excavations of the 
Tourist-2 cemetery emphasizes that the iconography of 
the artifacts discovered therein is typical of the Early 
and Middle Bronze Age cultures of Western Siberia 
(Okunev, Samus, Krotovo, Karakol, Odinovo, Elunino), 
manifestations of which are observed in the forest-steppe 
zone between the Irtysh and Yenisei rivers (Basova 
et al., 2017). For this reason, the range of analogs for the 
analyzed artifact is rather wide. From our point of view, 
the closest item is a sewed-on one-sided anthropomorphic 
plate (or buckle) found in an Early Bronze Age burial 
from the Korablik I cemetery, in northeastern lowland 
Altai (Grushin, Kokshenev, 2004: Fig. 4, 1). According 
to Y. F. Kiryushin and S.P. Grushin, this artifact is unique 
(2007: 25). Indeed, it does not have full analogs; however, 
the flat bas-relief image en face makes the proposed 
comparison quite appropriate.

Noteworthy is one more detail of all three analyzed 
anthropomorphic fi gurines from Tourist-2: namely, the 
pointed headdresses. Researchers repeatedly mentioned 
the occurrence of ray-like pointed headdresses on sacral 
images of the cultural and chronological stratum under 
consideration, which are especially typical of petroglyphs 
(see, e.g., (Kubarev, 1988: 36–37, 63), but are also 
observed on the Okunev ceramics (Pauls, 1997: Fig. 4) 
and portable objects of art (Grushin, Kokshenev, 2004: 
Fig. 4). The representations of tight-fi tting caps (similar 
to the modern Svane caps) are inherent in the stone, metal, 
and bone sculptures of this period (Molodin, 2015). In 
view of the above, it may be cautiously suggested that 
pointed headdresses are typical of the Krokhalevka 
culture. Meanwhile, as we can see, images of “sun-
headed” anthropomorphs (Basova et al., 2017: Fig. 2), 
an expression of epochal symbolism, are also usual in 
this culture. Pointed headdresses, though infrequent, 
are still encountered in the Okunev engravings (Lipsky, 
Vadetskaya, 2006) and, exceptionally, in the portable 
art of the Early Bronze Are in the Cis-Baikal region 
(Bazaliysky, 2007; Bobrov, 2015).

One more special feature of at least two of the 
fi gurines under consideration is the representation of long 
hair, which is most typical of the items made in the style 
of Okunev “Abakan plates” that depicted women with 
unfastened hair (Kovalev, 1997; Khavrin, 1997), and 
also with nose tattoos (Savinov, 2015). These obviously 
epochal features allow the concerned artifacts to be 

Fig. 6. Position of the fi gurine’s center of mass (1) 
and a longitudinal section demonstrating biconical 

drilling (2).
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included into a single circle of the Early to Middle Bronze 
Age cultures of Western Siberia.

Apparently, the iconography of all three figurines 
under consideration is very similar. Men with rounded 
eyes and massive noses, wearing pointed headdresses, are 
depicted. They are shown with open mouths, and full lips 
are performed in relief. To demonstrate the iconographic 
similarity, we obtained longitudinal sections in a relative 
scale, while working with 3D-models (Fig. 9).

Judging by the archaeologically intact vessels in the 
burials of the Tourist-2 cemetery, the site belongs to the 
Krokhalevka culture (Basova, 2018). Meanwhile, the 
complex is comparable exclusively to textile ceramics 
(Molodin, 1977: Tabl. LXIV, 1; LXVI, 3, 4).

 Conclusions

The combination of 3D-modeling tools and technological 
and experimental use-wear methods has demonstrated 
their effi ciency in the reconstruction of the technique of 
manufacture, function, and cultural and chronological 
interpretation of a unique ivory anthropomorphic 
sculptured image. In our opinion, 3D-modeling is an 
indispensable tool for the following scientifi c procedures:

1) Reconstruction of the initial appearance of an 
artifact. The symmetry of separate parts of the item to 
be reconstructed is an essential prerequisite. Such an 
approach is also used in reconstruction of the initial 
appearance of paleontological and anthropological 
remains (Freidline et al., 2012);

Fig. 7. Reconstruction of the initial appearance of the ivory 
anthropomorphic fi gurine.

Fig. 8. Direction of the axes of symmetrical holes (1), and metric 
parameters of the existing and reconstructed holes (2).
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Fig. 9. Longitudinal sections 
of  the  anthropomorphic 
fi gurines on a relative scale.
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2) Non-invasive manipulations, in order to obtain 
sections and projections of artifacts;

3) Various metric and geometric calculations, such as 
determination of the main and specifi c metric parameters, 
volume (with the possibility of subsequent calculation of 
the mass, with the known density of raw materials), and 
center of mass. In the case of analysis of archaeological 
materials, the 3D-scanning method shows clear advantages 
over others, since it offers the possibility of accurate 
measurements of models and further verifi cation of them.

As a result of comprehensive research, it has been 
established that all the morphological and technological 
characteristics of the ivory anthropomorphic figurine 
testify to its usage as a peculiar ornament to be sewn onto 
clothing:

1) the plano-convex shape of the sculpture intentionally 
fashioned by the artisan;

2) the presence of similarly-sized and symmetrically-
located holes;

3) an artifi cially preset direction of the axes of drilled 
holes: diagonal relative to the artifact’s cross-section, 
the axes intersect at the point corresponding to the 
longitudinal plane of symmetry of the fi gurine;

4) the position of the item’s center of mass, which 
ensured that the wearing of it on clothing was comfortable.

The stylistic features of all three anthropomorphic 
images show their common iconographic style. The 
discovery of two figurines in one grave, and the rare 
and valuable fabricating material from which they are 
manufactured, are indicative of the exclusive social status of 
the buried man. The shaping type of holes, and the position 
of the geometric center of mass on the studied ivory item, 
argue for the life-time use of this artifact. In our opinion, 
in the event of its manufacture for the burial rite, careful 
observance of the requirements for the center-of-mass 
position was not a functional or technological necessity.
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