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Abstract. This article presents the preliminary results of a new project aimed at investigating the behavioural
aspects of stone tool reutilisation at the Semizbugu Palaeolithic complex. Monuments with surface artifacts are
ideal sites for recycling, as artifacts are easy to locate and reuse on the day surface in such environments. As part of
this project, artifacts were analysed at a new site, designated P1 (2022) of the Semizbugu settlement complex, with
a focus on the identification of recycled objects, mainly by the presence of double patina. The results presented
here describe the nature of the secondary use of the artifacts. The relevance of the work carried out is associated
primarily with the fact that this is a completely new approach in the study of Paleolithic monuments of Kazakhstan,
represented by numerous sites of the so-called “open type”. On the example of the Semizbugu P1 monument (2022)
it is possible to extrapolate the received conclusions with other similar monuments of the region for understanding
of character of principles of reutilization and behavioral aspects in the past. Direct field studies at the Semizbugu
complex were preceded by laboratory work on materials collected in the 1960s by A.G. Medoev.
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U3yuyeHne noBeAEHUYECKUX acMEKTOB N0 peyTUan3auum
: aptedakros Ha Cemusbyry P1 (2022),
KasaxcraH

AHHOTaumAa. B naHHOM cTaTbe NpeacTaBfeHbl nNpea-
BapuTe/ibHble pe3ynbTaTbl HOBOrO MNpPOEKTa, Hamnpas-
JIEHHOTO Ha M3y4yeHMe MNOoBeAEeHYECKMX acneKkToB Mo
peyTuAM3aL MM KAMEHHbIX OPYAMI Ha NaneonTUYECKOM
Komnaekce Cemunsbyry. NMamATHUKKU C NOBEPXHOCTHbLIM
i 3aneraHMem apTedaKToB ABAAIOTCA MAEaNbHbIM Me-
CTOM A/1A BTOPUYHOM nepepaboTKu, MOCKONbKY B TaKUX
ycnosuax aptedakTbl erko 06HapyKUTb Ha AHEBHOM
i MOBEPXHOCTU M MOBTOPHO MX MCMONb30BaTb. B pamkax
i AaHHOro npoekTa apTedaKkTbl bl NPOaHaNM3NPOBaHbI
i Ha HOBOM MmecTe, 0603HaueHHoM B 2022 . kak P1(2022)
i Komnnekca cToaHoK Cemmsbyry, C aKLEeHTOM Ha UAEHTM-
i PpuKauuto nepepaboTaHHbIX NpeaMeToB, rMaBHbIM 0bpa-
{ 30M, NO Ha/ZIMUYUIO ABOMHOM MaTUHbI. NpeacTaBneHHble
i 34eCb pe3y/bTaTbl OMMCHIBAIOT XapaKTep BTOPMUYHOTO UC-
i Monb3oBaHUA apTedakToB. AKTYasIbHOCTb MPOBEAEHHbIX
i paboT cBA3aHa B NepByto oyepeab C TeM, YTO 3TO ABNA-
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Examining recycling behaviors
COCOE., MAMIROV'T. at Semizbugu p12 (2022), Kazakhstan

1 Introduction (Coco E., Mamirov T.)

The Paleolithic surface site complex, Semizbugu (fig. 1), located in the Saryarka region of Central
Kazakhstan, has some of the best known surface deposits in Kazakhstan [Derevianko et al. 1993; 1998;
Taimagambetov 1997; Artyukhova et al. 2001; Artyukhova 2013; Artyukhova, Mamirov 2014; Osipova,
Artyukhova 2019]. Discovered in 1961 by A.G. Medoev during his work on the geological expedition
of the Institute of Geology of the Kazakh SSR Academy of Sciences, the Semizbugu deposits are dense
concentrations of stone tool artifacts located on the flat tops and slopes of the Semizbugu hills [Taimag-
ambetov, Ozherelyev 2009; Artyukhova, Mamirov 2014]. Tens of thousands of artifacts were collected at
11 different sites in this landscape in the 1960s by A.G. Medoev; analysis of these artifacts was carried out
to determine the technological and typological characteristics [Derevianko et al. 1993; Artyukhova et al.
2001; Artyukhova, Mamirov 2014].

% Semizbugu £
[ Surface Site

=

Fig. 1. Map of Kazakhstan with the location of Semizbugu indicated by the red star. Other surface deposits in
Kazakhstan identified by the green squares. Projected coordinate system is EPSG 28412 (Pulkovo 1942/G-K zone
12). Data sources: site locations — after Osipova et al. 2020: Artyukhova, Mamirov 2014; vector and raster map
data from ©Natural Earth

1-cyp. Cemi3byFbl opHanackaH KasakcTaH KapTachl, KbI3bla }Kyagbl3lwameH 6enrineHreH.. KazakctaHgarbl 6acka

allbIK TUNTEri ecKepTKILITep *Kacbia WaplubiMeH benrineHreH. }obanaHraH KoopauHaTTap Kyneci-EPSG 28412
(NMynkoso 1942/G-K 12 aiimarbl). [epeKkkesaep: o6beKTinepaiH, opHanackaH xepi — ([Ocunosa u ap.2020;
ApTioxoba, MamupoBs 2014]: 60olibiHLWA); BEKTOP/bIK }KaHe pacTp/ibik KapTanap gepektepi ©Natural Earth

Puc. 1. KapTta KasaxctaHa ¢ mectononoxkeHnem Cemunsbyry, 0603HaueHHbIM KpacHoW 38e3401. [pyrue namaTHUKK
OTKpbITOro Tvna B KasaxctaHe 0603HayYeHbl 3e/1eHbIMM KBaApaTamu. MpoeKkTupyemas cuctema KoopamHar —
EPSG 28412 (Mynkoso 1942/30Ha G-K 12). UCTOYHMKM: MecTononoxeHUa o6bekTos — (no: [Ocunosa u ap. 2020;
ApTioxoBa, Mamupos 2014]); AaHHble BEKTOPHbIX M pacTpoBbix KapT ©Natural Earth
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Surface sites would have been ideal locations for recycling in the past. Artifacts at surface sites are
exposed on the ground for long periods of time. This makes it more likely that ancient people would have
found previously discarded artifacts at these sites to recycle [Camilli, Ebert 1992]. Despite this, few studies
explicitly investigate recycling in surface contexts [Mcdonald 1991]. Stone tool recycling is defined as any
instance in which stone artifacts are scavenged and then reworked, with some period of discard between
episodes of manufacture [Amick 2007; Vaquero 2011; Barkai et al.2015a].The most reliable indication of
recycling is evidence of knapping after some sort of surface alteration, such as a patina or rock varnish, has
formed [Vaquero 2011; Vaquero et al. 2012; 2015; Turq et al. 2013; Peresani et al. 2015; Shimelmitz 2015].
This results in flake scars of different colors that demonstrate the discard period between use events.

Instances of reuse have been identified at Semizbugu, but recycling has not been extensively studied.
Previous research found that some artifacts have overlapping retouch patterns attributed to different
technological traditions [Artyukhova 2013; Artyukhova, Mamirov 2014]. Additionally, some researchers
have argued that different surface conditions on the faces of artifacts at Semizbugu could indicate use in
multiple Paleolithic periods [Artyukhova, Mamirov 2014]. This is because patinas have been correlated
with particular typological phases at Semizbugu [Artyukhova 2013; Artyukhova, Mamirov 2014]. For
example, diagnostic Acheulean and Mousterian materials often have a thick, deep, ochre-colored patina,
whereas the late Paleolithic material looks “fresher” [Artyukhova, Mamirov 2014]. As a result, previous
studies at Semizbugu have described multiples weathering stages of artifacts [Artyukhova, Mamirov 2014;
Osipova, Artyukhova 2019]. These stages are strongly altered, medium altered, weakly altered, and not
altered, as determined by the formation of patina, degree of ferrugination, and degree of polishing. The well-
documented weathering of artifacts at Semizbugu means that recycling should also be easily identifiable.

The results presented in this article represent the first study at Semizbugu focused on examining
recycling behaviors in these deposits.

2 Research methods(Coco E.)

In the summer of 2022, field expeditions were undertaken to Semizbugu to collect newdata. The
site of Semizbugu P1 (2022) is located on the southern slope of a hill in the Semizbugu mountains (fig. 2).
The site is situated between Semizbugu 4 and the flat top of a hill where Semizbugu sites 7 through 10 are
located. In May 2022, during surveys to identify new locations for data collection, we outline a rough area
across which artifacts were spread on this slope. In June 2022, we collected data following the methodology
outlined below for every artifact within three quadrants near the center of the concentration of artifacts on
the slope. The first quadrant was 20 m by 20 m; the subsequent two quadrants were each 20 m by 10 m, to
the east and south of the first quadrant respectively.

The new data collection methodology used during the 2022 field expeditions focused on collecting
spatial data and individual artifact data, with each artifact being analyzed for signatures of recycling. Spatial
locations of each artifact were recorded using Emlid Reach RS2 multi-band GNSS receivers. Additional
artifact data was collected using standardized KoboToolBox forms to record the following data for each
artifact:

1. maximum length, maximum width, maximum thickness, and weight;

2. cortex surface percentage and type;

3. attributes relating to determining technology, including platform attributes, flake scar number and
direction, and retouch type as suggested by Andrefsky [Andrefsky 2005];

KasakcmaH apxeonoauscsi Ne 3 (17) 2022
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SEMIZBUGU

{Semizbuguli 0]
Semizbugu|BZ6}
|Semizbugui7)

[ Artifact concentration area
@ Previous collection location
Newly analyzed artifacts

Fig. 2. Location of Semizbugu P1(2022) within the Semizbugu site complex. Projected coordinate system
is EPSG 4326 (WGS 84). Data sources: raster map data from Bing and ESRI

2-cyp. Cemizbyfbl HbicaHAapb! KeweHiHae Cemizbyrbl P 1 (2022) opHanackaH xepi. obanaHfaH KoopanHaTTap
yheci — EPSG 4326 (WGS 84). [lepekkesaep: Bing kaHe ESRI pacTpnbik KapTa AepeKTepi

Puc. 2. MectononoxeHue Cemunsbyry P1(2022) B Komnsiekce ob6bekToB Cemusbyry. MpoekTnupyemasn cuctema
KoopamHat — EPSG 4326 (WGS 84). UCTOUYHMKK: AaHHble pacTpoBbiX KapT oT Bing 1 ESRI

4. artifact class (i.e. broken flake, complete flake, core, tool) per categories from Phillips and
colleagues [Phillips et al. 2017];
5. weathering classes, following those previously described for Semizbugu;
6. signatures of recycling on individual artifacts consistent with previous research on recycling,
including:
a. artifacts with double patina;
b artifacts with multiple technological/typological signatures;
C. flakes with removals on their ventral faces; and
d cores used as hammer stones or hammer stones used as cores.

3 Results (Coco E.)

In total, 696 artifacts were analyzed from Semizbugu P1 (2022). This means that the density of
artifacts in this deposit is approximately 2 artifacts per every square meter. Nearly 20% of the artifacts
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had some sort of recycling signature, with the majority being identified as recycled due to the presence of
double patinas (fig. 3). That results in a density of one recycled object for every 3 square meters.
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Fig. 3. Scheme of spatial location artifacts analyzed at Semizbugu P1 (2022). Small light grey dots represent
artifacts without any recycling signatures. Large, colored dots represent recycled artifacts,
with colors corresponding to the type of recycling signature

3-cyp. Cemizbyrbl P1 (2022) TanpaHfaH aptedakTinepaid, KeHICTIKTIK opHanacy cxemacshl. KillKeHTal albIK, cyp
HYKTenep elwkKaHaan eHaey 6enrinepi ok aptedakTinepai kepceteai. YIKeH TYCTi HYKTenep KaliTa eHaenreH
apTedakKTinepai 6inaipeai, onapablH, TYCTEpi KaliTa eHAey KONTaHOACbIHbIH, TYpiHe Calikec Keneai

Puc. 3. Cxema NpOCTPaHCTBEHHOIO Pacno/ioxKeHUs apTedaKkToB, NpoaHaIM3NPoBaHHbIX Ha Cemunsbyry P1 (2022).
ManeHbKu1e CBETNO-Cepble TOUKM NpeacTaBnAoT apTedaKkTbl 6e3 Kakux-nnbo NnpnsHakos nepepaboTKu.
BonbluMe LBETHbIE TOYKM NPEACTaBAAT NnepepaboTaHHble apTedaKkThbl,

L,BETA KOTOPbIX COOTBETCTBYHOT TUNY NOANUCK NepepaboTKu

Nearly 50% of the artifacts found at Semizbugu P1 (2022) are complete flakes, with the next most
numerous artifact type being tools (24% of the artifacts). Cores make up a relatively small percentage of
the assemblages at just 5.5% of the artifacts.

We investigated whether recycling more frequently occurred on certain types of artifacts (fig. 4a).
Artifacts were classified into seven different artifact type categories: complete flakes, broken flakes, cores,
core fragments, tools, tool fragments, and shatter. We found that artifacts that are tools are significantly
more likely to be recycled. We also looked specifically at what types of tools are more likely to be recycled.
When comparing tool types, most tool categories have some sort of recycling signature to varying degrees.
Interestingly, none of the broad tool categories (fig. 4b) are significantly more likely to have recycled
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Fig. 4. Number of artifacts by artifact type (a), tool type (b), and Bordian type (c). Percentage of recycled
and non-recycled objects given for each category

4-cyp. AptedakT Typi (a), kapy Typi (b) kaHe «BopAaTiH Typi-napak» (c) bobiHWa apTedakTinep caHbl.
Opbip caHaT yWiH KenTipinreH KaiiTa eHAENreH KaHe KalTa eHAenMereH o6beKTiiepaiH, naibi3bl

Puc. 4. Konnuyectso aptedaKkToB no Tuny aptedakTtos (a), Tuny opyani (b) n «bopaosckomy TMn-ancty» (c).
MpoueHT nepepaboTaHHbIX M He NepepaboTaHHbIX 06BEKTOB, MPUBEAEHHDbIN AR KaXKA0M KaTeropun
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signatures; however, when tools are broken out by Bordian types (fig. 4c), it seems that burins, end
scrapers, single scrapers, transverse scrapers, and interior surface scrapers are more likely to have recycling
signatures compared to non-tools.

In addition to categorically defining artifacts, we looked at the relationship between recycling and
artifact size, as determined by length, width, thickness, and weight. Specifically, we used Kolmogorov-
Smirnov tests to compare the distribution of each of the artifact size variables for recycled variables to the
overall distribution of these variables for all artifacts. We found significant differences in the distributions
of weight, length, and width, but not thickness (fig. 5). Artifacts with recycling signatures are heavier,
longer, and wider than the average artifact in this deposit.
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Fig. 5. Core density estimates for distributions of weight, length, width, and thickness of artifacts. Distributions
for the entire assemblage shown with black line. Distributions of recycled artifacts shown with blue curve

5-cyp. ApTedakTinepaiH canmarbiH, Y3bIHAbIFbIH, €HiH KaHEe KaNblHAbIFbIH 66y YLWiH HYKAeyC Tbifbl34bIfbIH
6aranay. ByKin »KUbIHTbIKTapAbl 661y Kapa Cbi3blKNeH KepceTinreH. Kaiita eHaenreH aptedakTinepain, Tapanybl Kok
KMCbIKNEH KepceTinreH

Puc. 5. OueHKM NJIOTHOCTU HyK/leyca A pacrnpeaeneHunin Beca, AJvHbl, WWMPWHbLI U TONLLMHbI apTedaKTos.
PacnpesneneHuna ans Bcei COBOKYNHOCTM MOKa3aHbl YepHOM NMHKMeN. Pacnpegenerus nepepaboTaHHbIX
apTedaKToB NoKasaHbl CUHEN KPMBOM

Finally, we investigated whether recycling signatures were related to weathering stages at Semizbugu
P1 (2022) (fig. 6). Using binary logistic regressions, we found that the odds of artifacts having recycling
signatures does significantly depend on weathering stage. Specifically, when compared to strongly
weathered artifacts, the odds that mildly weathered artifacts have recycling signatures decreases by 58%.

KasakcmaH apxeonoauscsi Ne 3 (17) 2022



Examining recycling behaviors
COCOE., MAMIROV'T. at Semizbugu p12 (2022), Kazakhstan

Similarly, the odds that weakly weathered artifacts and unweathered artifacts have recycling signatures
are decreased by 22% and 18%, respectively, compared to the odds of strongly weathered artifacts having
recycling signatures.

250 4
200 4
150 4
Recycled?
=
g | FALSE
TRUE
It
50 ~
o
0 -
strongly v:ieathered mildly w:eathered weakly w:eathered not welathered Dttller

Weathering stage

Fig. 6. Number of artifacts by weathering stage. Percentage of recycled
and non-recycled objects given for each category

6-cyp. Aya-paliblHblH, caTbliapbl 60MbIHIWA apTedaKTiiiep caHbl. DPb6ip caHaT YLWiH KepceTiareH Kanta
OH/Ee/reH KaHe KaliTa eHaenmereH ob6beKTinepaiH nanbi3ablk apakaTbiHacbl

Puc. 6. Koanyectso apTedakTos no cTagmsam BbiBeTPpUBaHUA. MPOLEHTHOE COOTHOLEHME nepepaboTaHHbIX
M HenepepaboTaHHbIX 06bEKTOB, YKa3aHHOE 415 KayK4O0M KaTeropum

4 Discussion and conclusions (Coco E., Mamirov T.)

These results from Semizbugu P1 (2022) confirm the presence of recycling behaviors at this
Paleolithic site complex. Additionally, the higher likelihood of recycled implements occurring on more
weathered artifacts supports the posited relationship between recycling frequency and exposure [Camilli,
Ebert 1992]. The results also demonstrate that recycling occurs more frequently on certain types of
artifacts, which could indicate preferences when scavenging for recycling material. Selection of specific
types of objects for recycling has been noted in stratified cave contexts in Israel [Belfer-Cohen, Bar-Yosef
2015b]. However, it is argued that thicker objects are being selected for recycling in these cave contexts,
which differs from the patterns at Semizbugu P1 (2022) where thickness of recycled artifacts does not
significantly differ from the overall distribution of artifact thickness.
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Studying surface deposits like Semizbugu is essential for furthering our understanding of recycling
behaviors. Additionally, given the prevalence of surface sites in Kazakhstan, this region is uniquely suited
for investigating recycling behaviors in different contexts. This will be invaluable for helping archaeologists
to understand possible factors that make recycling more or less likely within a landscape. The recycling of
stone tools is a potentially powerful force repeatedly rewriting archaeological patterns throughout history.
This project represents an important first step to explore the range of conditions that may promote recycling
so we can fully understand how this behavior functioned in the past.
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