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Abstract: Scar-pattern or working step analysis is one of the main components of technological
analysis. This analysis is usually applied to reconstruct the technological sequence of Middle and Upper
Palaeolithic bifacial tools. In addition to bifacial implements, the scar-pattern analysis is applied to
geometric microliths and to macro-implements made on large flakes, such as Quina scrapers. However,
the potential of this analysis is much wider. Here we present the basic approaches and algorithm for the
application of scar-pattern analysis to core analysis.

The analysis algorithm includes five main research activities: determining the directions of
all negatives, determining the mutual sequence of adjacent negatives, combining negatives into

“technological units”, determining the mutual consistency of the groups of combined negatives and
complicating of scheme. As an example, two carinated technological sequences in the Kulbulakian
from Western Central Asia are provided. Scar-pattern analysis applied to reconstruct the technological
sequences of the cores is devoid of the disadvantages inherent in this analysis applied to bifacial tools.
We believe that scar-pattern analysis is the most promising in Paleolithic technological reconstructions.
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*KoppeCcnoHAMPYIOLLIMI QBTOP

Pe3tome: Ananus mocne0BaTeIbHOCTY CKOJIOB AB/ISAETCS OJHUM U3 OCHOBHBIX KOMIIOHEHTOB T€X-
HOJIOTMYECKOT0 aHa/MM3a. DTOT aHa/IU3 0ObIYHO IPUMEHAETCA /I PeKOHCTPYKIIMI TeXHONIOTMYeCKO
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HOCIIeoBaTeIbHOCTY OudacuanbHbIX OPYAUIL CPEIHErO U BepXHero majeonuta. Ilomumo 6udacu-
a/IbHBIX OPYAMIi, aHANMN3 IOCIEfOBATEIbHOCTH CKOMIOB IIPUMEHSAICA K TeOMEeTPUYeCKMM MUKPOIUTAM
U MaKpOOPYAUAM, U3TOTOBJICHHBIM Ha KPYIIHBIX OTIIENAX, TAKUM KaK cKpeOku KiHa. OHaKo MOTeH-
I[MajI 9TOr0 aHa/IM3a ropasfio mupe. B mpeiaraeMoli BHMMAaHMIO YMTaTesIell CTaTbe Mbl IIPeICTaBIA-
€M OCHOBHbIE IOIXObl U a/ITOPUTM IIPMMEHEHN aHa/M3a IOCIef0BaTeIbHOCTU CKOIOB I aHaIN-
32 TJIEONIMTUIECKMX HYK/IE€YCOB.

ANTOpuTM aHa/MM3a BKIIIOYAET IATh OCHOBHBIX LIATOB: ONpeJie/ieHNe HAallpaB/IeHnII BCeX HeraTu-
BOB CKOJIOB Ha apTe(aKre, OlIpefie/leHNe B3ayMHOII TOCIe0BAaTeIbHOCTI COCEHIX HeTaTNBOB CKOJIOB,
00beIIHEHIIE HETATVBOB B «T€XHOJIOTIYECKIIE eVHNIIBI», OLIPEe/IeH e B3aVMHOI TOC/IEl0BATE/IbHO-
CTH TPy 00'beINHeHHBIX HETaTUBOB 11 CO3/jaHNe (IHATbHOI CXeMbl. B KadecTBe IpuMepa IpyuBeeH
aHa/IN3 IIOC/IeJOBATEIbHOCTY CKOJIOB Ha JIBYX KapeHOM[IHbIX HYK/IeycaX 13 KOMIUIEKCOB Ky/IbOy/mak-
CKOIT Ky/IbTypHI (3amazgHast yacthb lleHTpanpHO A3ui). AHANIN3 MTOC/IELOBATENIBHOCTI CKOIOB, TIPK-
MEHEHHBII JI/Is1 PEKOHCTPYKIMY TEXHOTOTMYECKMUX II0C/IEN0BATeIbHOCTEN HYK/I€YCOB, TUIIEH HEJ0-
CTaTKOB, IPMUCYILIMX STOMY aHAIN3y IPUMEHUTEIbHO K O1dacuanbHbIM OpyauaM. ABTOPbI CUMTAIOT,
YTO aHA/IN3 MTOC/IEIOBATE/IBHOCTIL CKOJIOB AB/IAETCA HanubosIee MepCreKTUBHBIM B PEKOHCTPYKIINY T1a-
JIEOMUTUYIECKMX TeXHONIOI I IIEPBUYHOTO PaCIIeIIeHNA.

Knrouesvie cnosa: aHanmus mocnefoBaTeIbHOCTY CKOJIOB, aHA/IN3 TEXHOJTOTMYECKUX ITAIOB, HY-
KJIeyCbl, TeXHOJIOT N, IepBIYHOE pacllel/IieHue
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HBIX MCCIefoBanmii, mpoekT Ne19-09-00453, u HayuHo-1MccnefoBaTenbekoro npoexra Ne0329-2019-0002
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ntroduction
The application of the “chaine opératoire” [Boeda et al., 1990; Pelegrin, 1990; Pigeot,

1991; Inizan et al., 1999] and all its components have in recent years become an integral
part of Palaeolithic research. The approach from the French research practice, aimed at a
comprehensive reconstruction of the technological sequence is now actively used in Russian
[Girya, 1997; Nekhoroshev, 1999; Pavlenok, Belousova, Rybin, 2011; Kolobova, 2006] and
English-speaking [Bar-Yosef, Van Peer, 2009] research literature. One element of this procedure
is scar-pattern analysis, along with attributive analysis, experimental and use-wear, refitting,
and the method of raw material units.

The idea of a scar-pattern analysis is to reconstruct the knapping process of a lithic
implement by examining all the negatives and ridges on its surface and determining their
mutual consistency. As an independent research tool, this method was first applied by J. Richter
and A. Pastoors in their study of Middle Palaeolithic bifacial tools. The basic principles of the
method have been formulated and substantiated in the research works of A. Pastors [Pastoors,
Schafer, 1999; Pastoors, 2000], J. Richter [2001], E. Boeda [2001], M. Kot [2013].

The applicative method is considered to be the most reliable method for identifying the
main stages of stone artefact manufacture. However, the application of this method is not
possible in all Paleolithic complexes. In such a situation, the use of scar-pattern analysis
becomes particularly important, as a set of negatives on the surface of a stone artefact provides
direct evidence in identifying methods and ordering the procedures used in its manufacture.
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One of the most widespread categories of artefacts that can provide important information
about knapping technology in the absence of refitting is cores. The advantages of using scar-
pattern analysis in the study of cores are the subject of this article.

Historiographical review

The basic principles of scar-pattern analysis were originally developed and used extensively
in the study of bifacial tools. This is because the application of the refitting, as the most reliable
method for reduction process reconstructing, is not possible in the case of bifacial tools, with
a few exceptions [Veselsky, 2008; Nerudova, Neruda, 2017; Wisniewski et al., 2020]. Bifacial
implements were often used as multi-purpose tools and were used as mobile raw materials
[Uthmeier, 2004], which were brought to the site being shaped [Chabai, 2004]. In the research
literature there are many successful examples of reconstruction of bifacial tool production
through scar-pattern analysis [Richter, 2004; Uthmeier, 2012; Joris, 2006; Kot, 2013; Shalagina
et al., 2020].

Today, scar-pattern analysis is used to reconstruct the technological sequences of different
lithic artefacts, including various types of tools made of blanks. In particular, the use of scar-
pattern analysis made it possible to reconstruct the technological sequence of the production
of truncated faceted tools in the complexes of Obi-Rakhmat rock shelter (Uzbekistan), and
to determine that the purpose of the these tools production was to create a working edge,
and not to obtain blanks [Shalagina, Krivoshapkin, Kolobova, 2015; Shalagina, Kolobova,
Krivoshapkin, 2019].

This analysis has no limitations in terms of the tool size and the intensity of their design.
The analysis proves effective both in the study of microliths and various macro-tools. The
study of early geometric microliths in Central Asia, allowed the authors to identify general
patterns in the design of microliths by analyzing the chronological sequence of retouch facets
[Kolobova, Krivoshapkin, Shnaider, 2018]. A successful example of the application of scar
pattern analysis to macro-tools produced on blanks is the study of the earliest “Quina” and

“semi-Quina” type scrapers in the Qesem Cave, in the Middle East. Using scar pattern analysis
in conjunction with use-wear analysis allowed the researchers to identify several cycles of
processing and use of scrapers [Lemorini et al., 2015].

Application of scar-pattern analysis to the study of cores

Recently, scar-pattern analysis has increasingly been used to reconstruct the knapping
process. It is not always used as an independent research tool, however, the study of negatives
from removals are actively used in the analysis of cores.

Detailed examination of the negatives on the surface of the cores allows information to be
extracted on the size of the withdrawals, the impact force and type of indenter, the procedures
used to shape the nucleus and the way the impact pad was designed. Detailed examination of
the negatives on the core surface provides information on the size of the removed flakes, the
impact force and type of the hammer, the procedures used to core shaping and the way the
striking platform was designed. In general, the negatives on the cores are highly informative
regarding the reconstruction of knapping patterns. The morphology and size of the negatives
can be analysed either manually or with special equipment and software that automates the
process [Clarkson, Vinicius, Lahr, 2006; Kolobova et al., 2020]. First and foremost, scar-
pattern analysis is used to reconstruct the main stages of core knapping, as well as the patterns
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associated with the design of striking platforms and the core front [Soriano et al., 2015;
Pavlenok, Kozlikin, Shunkov, 2021]. Often, reduction schemes based on a detailed study of
the negatives are a good illustration of the technological process and the conclusions reached
through technological analysis [Zwins, 2012]. Analysis of the morphology of the negatives on
the cores also makes it possible to reconstruct the length of the pre-form during the previous
reduction stages, as well as the volume of the material chunk. The cores contain both the
complete negatives of the impact point and their distal or medial fragments. Nevertheless,
even examining fragments of the negatives provides information about the initial size of the
obtained flakes. Counting method was proposed by P. Neruda for analyzing Middle Paleolithic
and Upper Paleolithic cores. This method is based on calculating the initial length of the
removed flake by measuring the wave of the impact on its negative. The effectiveness of this
method has been confirmed on both experimental and archaeological assemblages [Neruda,
2015].

In Russian Palaeolithic studies, the ideas of analysis of removal negatives began to be
developed from the middle of the 20* century within the framework of morphological [Lyubin,
1965], and then the concept of dynamic technological [Doronichev, 1986] analysis of cores.
In contemporary science, scar-pattern analysis is applied in the definition of “flaking systems”
in the process of reconstructing knapping technology [Nekhoroshev, 1999]. In this case, the

“flaking system” refers to a set of negatives reflecting a particular stage in the design of a stone
artefact (cores, core fragments and bifacial tools). One “flaking systems” is a combination of
an striking platform and its corresponding core surface [Ocherednoy, 2014, p. 215-221].

Research procedure for scar-pattern analysis

Regardless of the artefacts being studied, the research procedure for scar-pattern analysis is
unified and is a process consisting of several steps, each of which is depicted in graphic schemes
3. combining negatives into “ technological units” [Pastoors, 2000] or “blank sequences” [Kot,
2013].

1. Determining the directions of all negatives, on the surfaces of the artefact (Fig. 1.-a);

2. Determining the mutual sequence of adjacent negatives (Fig. 1.-b);

3. Combining negatives into “technological units” [Pastoors, 2000] or “blank sequences” [Kot,
2013]. Here, a “technological unit” refers to a group of negatives with similar morphological
characteristics (from the same striking platform, in the same direction, etc.) and aimed at the
same technological task. o simplify visual perception, each such technological unit is indicated
by a separate color and letter in the graphic illustration of the artefact (Fig. 1.-¢).

4. Determining the mutual consistency of the groups of combined negatives, and its
graphical representation (Fig. 1.-d). Determines the interdependence and sequence of the
design of the different surfaces (parts) of the artefact. At this stage, the chronological scheme
of the artefact’s design is reconstructed.

Different ways of representing the results of analysis exist [Richter, 2001; Joris, 1994; Kot,
2014]. In our paper, in a simplified, adapted version, we use the event chain process diagram
(EPC diagram) adopted for modelling economic phenomena [Scheer, 1998]. It is a type of
flowchart that is an ordered combination of events, where each event is defined by a different
time frame and mutual influence.
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. overhang trimming

s 2nd stage of bladelets
datachmeant

2nd series of lateral technical
spolls

151 stage of bladelets

I detachment

. 151 series of lateral technical flakes
0 3cm B siriking platform

A core preform

Fig. 1. Procedure of scar-pattern analysis: a — determining the directions of negatives on artifact;
b — determining the mutual sequence of adjacent negatives, c — combining negatives into
“technological units”; d — completed scheme of scar-pattern analysis
Puc. 1. Mpouenypa aHanv3a nocieqoBare/ibHOCTV CKOMOB: @ — ONpeaeneHme HarnpasaeHui
HeratvBoB Ha apTegakTe; b — onpeneneHue B3auMHOU NOCIen0BaTeIbHOCTY COCEAHMNX HeraTuBOoB,
C — 06beVHEHNEe HEraTUBOB B «TEXHOIOMMYECKNE EAUHULIbI»;

d — 3aBepLieHHasi cxema aHas3a nocie0BaTeibHOCTY CKOIOB

5. At the final stage of analysis, the entire production process is divided into phases based
on the compiled scheme. As a result of the analysis of all the negatives on the surface of the
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artefact, a scheme of its design is constructed, highlighting the main technological steps (Fig.

1.-d). Thus, by systematising the negatives in chronological order, visible on the surface of the

artefact, the place of the individual technological steps in the reduction process is determined.
The example of the application of scar-pattern analysis to the study of cores

To illustrate the application of scar-pattern analysis in the reconstruction of primary
reduction process we give an example of carinated cores from the Kulbulakian Upper
Paleolithic complexes of Central Asia. The use of scar-pattern analysis in this case makes
it possible to demonstrate the technological differences between the two different concepts
within a carinated technology.

The following technological sequence is reconstructed within the framework of the concept
of carinated end-scrapers. As a rule, massive flakes were used as blanks for such cores.

The first stage in the reduction of the carinated end-scrapers was to select the striking
platform (in the case of the ventral surface), or to create one (Fig. 2). The next step was to
prepare the main flaking surface by removing a series of flakes from the striking platform,
creating a convex front surface (Fig. 2). This was followed by the realization of the target blanks
- bladelets with a curved profile. The reduction sequence involves recurrent removal of the
bladelets without the realization of technical spalls at the core processing stage.

overhang trimming

2nd stage of bladelets
detachment

1st stage of bladelets
detachment

core preform

Fig. 2. The example of scar-pattern analysis on carinated (end-scraper) core from Kulbulakian
Upper Paleolithic assemblage
Puc. 2. [pymep aHanv3a nocienoBaresibHOCT CKOMIOB Ha KapeHOWAHOM Hykeyce (KapeHouaHoM
KOHLieBoM ckpebke) 13 Kybbynakckoro BEpXHenaneonaTm4eckoro KoMriexkca

The second technological sequence is based on the processing of small chunks, or blanks,
oriented so that the ventral and dorsal surfaces act as left and right laterals of the core. As part
of the main core reduction, a series of targeted bladelets was removed from a small area of the
front bounded by the negatives of the lateral removals (Fig. 3).
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treatment of terminal part of the
core

series of lateral technical
spolls

2nd stage of bladelets
detachment

1st stage of bladelets
detachment

siriking platform

core preform

Fig. 3. The example of scar-pattern analysis on carinated (lateral) core from Kulbulakian Upper
Paleolithic assemblage
Puc. 3. MpyiMep aHam13a nocne[0BareibHOCTY CKOJIOB Ha KapeHOUZHOM Hykreyce (narepansHoM
KapeHouaHOM Hykreyce) kepHe 13 Kynbby1akckoro BEpXHENaneonTm4eckoro KoMriekca

In this case, the use of scar-pattern analysis made it possible to reconstruct the different
technological sequences of core reduction within a single carinated technique, which could
not be done on the basis of technical-typological analysis.

Conclusion

Scar-pattern analysis is a versatile tool for the most accurate reconstruction of different
technological sequences. Typically used to analyze bifacial tools, this can seem overly
complicated and time-consuming to inexperienced researchers. However, this perception
is solely a consequence of complex reductionist patterns of production and further biface
rejuvenation.

The application of the scar-pattern to core analysis is able to provide new, previously
inaccessible technological data. The hierarchical flaking inherent in the Levallois technology
has enabled one of the earliest manifestations of this technology in the Lower Paleolithic of
Europe to be justified [Soriano, Villa, 2017].

Scar-pattern analysis of the cores from layer 23 of the Kulbulak site provided evidence of
a much larger portion of Levallois technology in the Middle Paleolithic of western Central
Asia than previously assumed. Scar-pattern analysis of the bladelet cores demonstrated
technological similarity with Levallois cores [Pavlenok G., Pavlenok K., 2019].

As our practice shows, the use of scar-pattern analysis has substantial prospect because
the cores usually have simpler reduction patterns that even a non-experienced researcher can
read. An undoubted advantage of using scar-pattern for core analysis is that it provides more
accurate technological data than the widespread technological or attribute analysis.
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