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Abstract. The article presents the results of metallographic analysis of metal objects
and rock fragments discovered in the territory of the Kokshetau Upland, which is
administratively located within the Akmola region of the Republic of Kazakhstan.
The area is of interest since it was a developed mining and metallurgical centre from
the second millennium BC, part of the large Eurasian metallurgical province. Judging
by the available data, it functioned for a long time. The objective of the study was to
identify the features of the metal of products of different historical stages, to determine
the continuity and features of the development of metallurgy in a specific and local
territory of Northern Eurasia. A total of thirty-six artifacts from sites where stationary
excavations or exploration activities were carried out in the period from 2010 to 2022
were analysed. The chronology of the sites from which they were selected refers to a
wide period of time from the Late Bronze Age to the Early Saka time and the Hunno-
Sarmatian period. Artifacts for analysis were collected in seven sites, which are located
in the main mountain forest massifs of the Kokshetau Upland. In the Zerenda Mountains
- settlement Shagalaly II and burial mound Shagalaly IV. In the Sandyktau Mountains,
three mine workings, near the settlement of the Late Bronze Age. In the Burabay
mountain forest massif - burial mound Ulkensor, settlement Akkain, mine working
Madeniet, settlement Saule. The largest collections are represented by materials from
two settlements of the Late Bronze Age (beginning - second half of the 2nd millennium
B(C). Six items were from the settlement Shagalaly II - two metal ingots, two bronze
jewellery tools, a needle from a bronze rod, a bronze chisel, and a dagger with a plastic
blade. A metal sickle-shaped tool, a single-edged plate sickle knife, two single-edged
knives with a distinct handle, a single-edged plate knife, a dagger knife belonging to
the category of handled knives, and a fragment of a metal knife were from the Akkain
settlement. The list includes a knife from a mine working near the village of Madeniet
and a defective product from the Saule settlement. In addition, artifacts associated with
the metallurgical cycle were analysed - pieces of waste rock, defects, and slag. The Early
Saka period (VII - VI centuries BC) is represented by seven arrowheads from a burial in
the Ulkensor mound studied in the Burabay district. Also, jewellery from a female late
Sarmatian burial in a stone mound studied in the Zerenda district belongs to the Hunno-
Sarmatian period (II - IV centuries AD). Thus, all the main historical and chronological
periods characterized by bronze metallurgy were presented.
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MeTa/utorpadpuyecKuii aHa/IM3 MpeAMETOB 3M0XH GPOH3bI U paHHEro
»KeJIE3HOTO0 BeKa ¢ Tepputopuu KokimeTayckoii BO3BbIIIEHHOCTH

M. PaguBoeBuy?, U. Kaiarapo®
“YHueepcumemckutl koa1edxc J/loHdoHa, JlondoH, BeaukobpumaHus

AHHOTanusA. B craTbe my6GJIUKYIOTCS MaTepUalibl MeTa/IorpapruiecKoro aHaauM3a MeTa/NIMYeCKUX
npeiMETOB U KYCKOB MOPO/bl, 0OHAPY>KEHHbIX Ha TeppuTOpuH KoKlleTayckol BO3BBLILIEHHOCTH,
a/IMMHUCTPATUBHO PacMoJIOKEHHON Ha TEPPUTOPUU AKMOJIMHCKOM 06J1acTu Pecny6simku Kasaxcras.
Pernon mnpezcTaBisfeT MHTepeC, TaK KaK fABJAJICA CO BTOpPOr0 ThICAYEsJETHA [0 H.3. Pa3BUTBHIM
rOPHOMETA/IJIyPTMYEeCKUM IIeHTPOM BXOAALleM B 060Jbllyl0 EBpasuiicKkylo MeTaJJIyprUuecKylo
npoBUHIMIO. Cy/is 10 UMEUUMCSA AJaHHbIM, OH GYHKIIMOHUPOBAJ NPOJ0/KUTENbHOE BpeMs. B 3aauy
WCCeJ0BAaHUS BXOAWJIO BBIABUTh OCOOEHHOCTH MeTaslla M3JeJMi pasHbIX UCTOPUYECKHX ITAIMOB,
ONpeJe/IUTh MPeeMCTBEHHOCTh U 0COOEHHOCTU PAa3BUTHs META/UIYPrUU Ha KOHKPETHOU U JIOKaJIbHOU
Tepputopuu CeBepHol EBpasuu. Bcero npoanasinsnpoBaHo TpUALATh ECTb eJUHUL C TaMATHUKOB, Ha
KOTOPBIX IPOBOJWJIUCH CTALlUOHAPHbIE PACKOIIKU WUJIU pa3BeloyHble MeponpudaTud B niepuog ¢ 2010 no
2022 rr. XpoHoJiorys MaMsITHUKOB, C KOTOPBIX OHU OTOOPAHbI, OTHOCUTCS K IIMPOKOMY OTPE3KY OT MOXU
N03/lHEr0o GPOH30BOT0 BeKa [0 PAaHHECAKCKOTO BpeMeHH W YHHO-CAapMaTCKOro nepuoja. ApTedakThl
JUI aHa/IM3a CobpaHbl B CEMU MyHKTAaX, KOTOPbIe PACIOJIOKEHbl B OCHOBHBIX TOPHOJIECHBIX MacCHUBax
Koxkmetayckoi Bo3BbIlieHHOCTH. ['opbl 3epeH/ bl — nocesienue llarananel II, kypran Ularanasnst V. lopsl
CaHAbIKTay — TPU TOPHBIX BbIPAGOTKH, PSAJIOM C TOCEJEHUEM 3MOXU Mo3AHel 6poH3bl. [opHOJIecHOM
MaccuB Bypabail — KypraH YibKeHcOp, nocejieHHe AKKauH; BblpaboTka MaseHueT; noceseHue Cayie.
CaMble KpyIHble KOJJIEKIIMU TpeJCTaBJeHbl MaTepuajaMH [IByX IOCeJeHUH M03JHero 6GpOH30BOr0
Beka (Hauyasio — BTopasd mnoJsioBuHBI Il Thic. 0 H.3.). C noceneHus lllarananet Il mects eauHul - aBa
MeTa/UIMYEeCKUX CIUTKA, /IBa GPOH30BBIX IOBEJMPHBIX MHCTPYMEHTA, UIJIa U3 GPOH30BOTO CTEPXKHS,
OGpOH30Basi CTaMecKa, KUHKa/l C IMJACTUYHbIM KJIMHKOM. C mocesieHUs] AKKaWH - MeTa/lJInYecKoe
CEpPIIOBUAHOE OpYAHe, OJHOJE3BHUHBIA IJIACTUHYATBIA HOX-Cepr, JABa OJHOJIE3BUMHBIX HOXa C
Bbl/IEJIEHHOU PYKOSITHIO, HOX — IJIAaCTUHYATbIH, 0IHOJIE3BUNHbBIH, HOXK-KUHKaJI, OTHOCSILUICS K pa3psay
YepeHKOBBIX U 06JI0MOK MeTa/IJIMYeCKOT0 HoXKa. B epeyeHb BK/IIOUEH HOXK C TOPHOM BIPAGOTKHU y cesla
MapenueT u 6pak uszesnusicrnocenenus Cayse. Kpome saToro, mpoaHain3upoBaHbl apTepaKThl, CBSI3aHHbIE
C METa/UIyPru4ecKuM IUKJIOM — KYCKH OTPabOTaHHOU MOpo/bl, 6pak U lIak. PaHHecakckoe BpeMs
(VII-VI BB. 10 H.3.) Ipe/ICTaBJIEHO CEMbIO HAKOHEUHHUKAMHU CTPeJT U3 MOrpedbeHus B KypraHe YJIbKeHCOop,
vccaefoBaHHOro B BypabalickoMm paiioHe. [yHHO-capMaTckuil nepuog, (II-1V BB. H.3.) - yKpallleHUsIMU
13 )KEHCKOT0 N03/JHecapMaTCcKOro norpe6eHusi B KAMeHHOM KypraHe, UCCJIeJOBAaHHOTO B 3epeH/JMHCKOM
paiioHe. TakuM 06pa3oM, ObLIN NpeCTaBIeHbl BCE OCHOBHbIE HCTOPUKO-XPOHOJIOTHUYECKHE TIEPUO/DBI,
JUJIS1 KOTOPBIX XapaKTepHa 6POH30Basi METAJLIYPrUs.
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KekiieTray Tay/ibl aiiMarbIHBIH, KOJIa )K9He epTe TeMip AJyipiHiH 3aTTapblHA
MeTa/I/IorpaduAbIK Taajay »Kacay

M. PaguBoeBuy?, U. Kaarapo?
?/IoHOoH yHUgepcumemmik ko1edxcl, /IoHdoH, ¥abib6pumaHus

Anpgarna. Makanaza Kasakcran Pecny6ukacbiHbIH, AKMOJIa OGJIBICBIHBIH, ayMaFbIH/Ia OpHa/IacKaH
Kekiuietay Tay/abl aillMaFblHZAQ TabObLIFAaH MeTaslJl 3aTTapblHA MeTa/LIorpadUsbIK, —Taajay
MaTepuaaphbl KapusJaHFaH. bys aliMak KbI3bIFYIIbUIBIK TYAbIPaJibl, 6UTKeHi 6i3/iH Adyipimisre
nerinri [l MBIH)XBLIJIBIKTAH 6acTall 0J1 JaMbIFaH Tay-KeH MeTaJUIYPTrUsi OpTaJbIFhl, ipi Eypasusibik
MeTa/IypTrUsiblK TNPOBUHLMAHBIH Oesiri 6osgbl. Kosjla 6ap JepekTepre cylieHe OTBIPHIII,
MeTa/UIyPTUsJIbIK OPTAJIbIK, Y3aK YaKbIT KYMBbIC iCTereHi faJjenjeH/ii. 3epTTeyAiH MakKcaTbl 9pTypJii
TapUXU Ke3eHJeperi MeTaslJl OYWUbIMIapbIHbIH CUMATTaMaslapblH aHbIKTay, CoaTycTik EypasusHbiH,
HaKThl JKoHe KepriJikTi alMaFblH/ja METaJIYPrUsiHbIH, JaMybIHbIH, Y3/AIKCi3Ziri MeH epekiesaikTepiH
aHbIKTay 601761 2010 xoHe 2022 )bU1Aap apablFbIH/A TYPAKThl Kazbasap HEMece apXeoJIOTUsIJIbIK
GapJiay »KYMbICTApbl >KYpPri3isireH >kepsepZieH TaObLIFaH 66 3aTKa Taajay >kacaiajbl. Oyap ipikTesin
aJIbIHFaH eCKepTKIlUTep/iH XpPOHOJIOTHSChl KEeWiHT1 KoJla A9yipiHeH, epTe cak Adyipi MeH FyH-capMaT
Ke3eHiHe JeHiHrli KeH TapuxXy YaKbITTbl KaMTUAbL Tanzay yuiH 3aTttap Kekiueray Taysnbl opMaH
aJIKanTapblHJa OpHAaJACKaH >XKeTi HYKTeJeH >XUHa/Abl. 3epeH/i TayaapblHfa - llarananer 1l Kosa
JayipiHiH KoHbIchl, [llaFanansl IV Kopranbl. CaHAbITay Tay/1apblHAA — KEHiHTI KoJla 9yipiHAeri KOHbICbIHA
»KaKbIH OpHaJIaCKaH yIlI KeH OpHblL. bypabali Taysibl aliMarbiHJa — YJIKEHCOpP KOpFaHbl, AKKaWbIH, eJiji
MeKeHi; MajieHueT TybIHAbLIapbIHAQ; Coysie KoJia 9yipiHiH KOHbIChL. EH yJIKEeH 3aTTap KOJIJIEKIUSChl
KoJIa [19yipiHiH eKi KOHBICBIHbIH, MaTepuasAapbIMeH YCbIHbLIFaH (6.3.4. Il MBIHXBUIABIKTBIH, 6ackl -
ekiH1i xapThichl). [llaranasnbl Il KOHbICBIHAH a/IThI 3aT TaObLI/IbL: €Ki MeTaJlJ KyHMa, eKi K0J1a 3eprepJiik
KypaJl, KoJ1a ChIpBIKTaH »Kaca/ifaH WHe, K0J1aJlaH »KacaFaH Kallay »KoHe KaHap. AKKalblH, KOHbICbIHAH
- KOJIa/IaH »KacaJiFaH opak, bOip »Ky3/i opak MblllIakK, cabbl allKbIH €Ki »Ky3/i NbllIaK, KoJia IJacTUHa/jaH
»KacaJIFaH MblIIIAK, 6ip Y3/ NblIAK, CAallThl MbIIIAKTAP CAHATbIHA KaTaTbIH Kamkap. TiziMmae MaeHueT
ayblIbl MaHBIH/AFbl IIAXTaJ[aH TAObLIFAH NbIIAK MeH Coysie esi/li MeKeHiHeH TabbLIFAaH akaybl Gap
KOJIaZlaH »KacayfaH 3aTTap. COHbIMEH KaTap, METa/IyPrUsbIK, LUK/IAre 0alaHbICThl apTedakTiiep
- MopoJAa, pyAa OeJliKTepi koHe NLJIaKTap TajafaHAabl. EpTe cak aayipi (6.3.6. 7-6 faceipsiap) bBypa6ait
eHipiH/le 3epTTesreH YJIKeHCOp KOpPFaHbIHAAFbl KOPbIMHAH YKeTi *KebGeHiH yiibiMeH GeliHesieHTreH. FyH-
capMarT Ke3eHi (0.3. 2-4 Ff.) — 3epeH/1i eHipiH e 3epTTe/reH Tac KOpFaHJaFbl KEHiHT1 capMaTTap/IbIH, diles
KOpPbIMbIHAH aJIbIHFaH 3eprepJiik 6yibiMap. KopbIThIH/AbBIFA ColiKeCc MeTa/iorpadUsiybIK, TalagaylaH
©TKEH 3aTTap/blH Heri3ri TapUXH KoHe XPOHOJIOTUSJIBIK Ke3eH4epi YChIHBLI/bI.

Ty#iH ce3aep: MeTaJ/L; KoJia 19yipi; epTe TeMip Aayipi; FyH-capMaT Ke3eHi; KekieTay Taybl; KazakctaH

Introduction

The study of ancient metallurgy consists of several main areas: the study of mining, including
mine workings and quarries, the process of ore processing and smelting metal products;
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characterization of external signs of artifacts as final products; analysis of hidden signs -
chemical composition and production technology.

The importance of these scientific directions is connected with the fact that the emergence
of metallurgy and metalworking led to a completely new stage of development of ancient
societies. Population growth, the emergence of early states and religion, and the formation
of transcontinental trade networks. The territory of the Republic of Kazakhstan is one of the
most important regions, since within its borders there were several independent mining
and metallurgical regions, which in the second millennium BC were included in the Eurasian
metallurgical province. One of the largest regions of ore mining and metalworking is Central
Kazakhstan, within its structure, there are several separate centres — Kokshetau, Bayanaul,
Uspeno-Karkaralinsk, Zhezkazgan-Ulytau, North-Betpakdala, and Balkhash. The main part of
the cultural and historical processes that took place in the centre of the Eurasian continent
were associated with these centres. On their territory, in places where minerals were found and
deposited, communities of miners, metallurgists and cattle breeders were formed, and large
trading and redistribution centres appeared.

The study of individual segments of mining and metalworking allows us to consider their
regional characteristics, depending on the composition of the ore or the level of development
of technologies and specific communities. To conduct this study, 36 artifacts were analysed,
including rock, slag, metal ingots, tools, weapons, and jewellery. The materials were obtained
as a result of stationary excavations and exploration work on the territory of the Kokshetau
mining and metallurgical centre in the period from 2010 to 2022.

The collection is collected from seven archaeological sites, which are located in three
mountain forest massifs and adjacent territories — Mount Zerenda, Mount

riv. Esil
—

200 km

@ - Bronze Age @ - Early Saka Period @ - Hunno-Sarmatian Period

Fig. 1. Location of the monuments: 1. Shagagaly settlement; 2. Shagalaly burial mound;
3. Sandyktau mine working; 4. Ulkensor burial mound; 5. Karabaur ridge; 6. Akkain settlement and
Madeniet mine working; 7. Saule settlement
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Sandyktau and the Burabay massif, which are part of the Kokshetau Upland. Geographically,
the sites are distributed as follows. In the Zerenda region, there is the Shagalaly Il settlement and
the Shagalaly IV burial mound. In the Sandyktau region, there is the Sandyktau mine working.
In the Burabay region, there is the Ulkensor burial mound, the Akkain settlement, the Madeniet
mine working and the Saule settlement.

Chronologically, the artifacts are divided into three groups: 1) Late Bronze Age (16th — 11th
centuries BC) - rock from the working (2 items), slag, splashes, ingots, whole and fragments
of tools (16 items); 2) Early Saka period (7th - 6th centuries BC) - arrowheads (5 items); 3)
Hunno-Sarmatian period (2nd - 4th centuries AD) - two bells and parts of a fibula (4 items).

Methods and Materials

One of the pressing issues of modern archaeological science is the development
of physicochemical methods for studying ancient finds, including metal products.
Archaeometallography is the science of the internal structure and structural features of ancient
metals and alloys, the nature of which is determined by both the metallurgical processes of
their production and the methods of their processing. It is part of a large field of knowledge,
which is collectively united into ‘archaeometallurgy’ and is associated with the reconstruction
of the history of ancient metallurgy — methods of obtaining metal from ores, the composition
of these ores, the structure of ancient furnaces, the composition of crucibles, slags, and smelted
metal. This method allows us to answer important questions - the place of manufacture of the
object, the composition of the alloy, including intentional or accidental, individual aspects of
technology, and the production process.

The analysis of artifacts from monuments on the territory of the Kokshetau Upland was
carried out using a portable X-ray fluorescence analyzer. The XRF method is based on the
phenomenon of absorption of X-rays by an atom and the transfer of energy to an internal
electron. If the primary X-rays have sufficient energy, electrons are ejected from the inner shells
and form vacancies. Such vacancies create an unstable atom, and when it returns to a stable
state, electrons from the outer shells pass into the inner ones. During this process, characteristic
X-rays are emitted with an energy equal to the difference between the two binding energies of
the corresponding atomic shells. Since each element contains a unique set of energy levels, each
produces X-rays with a unique set of energies (Vanhoof et al. 2022). Calibration was carried
out using the samples - Standard BCR 691a and Standard BCR 691e. A total of 25 chemical
elements are taken into account in the table. The code of artifacts in the table was carried out in
accordance with the photograph number of each analysed unit.

Zerenda. The Bronze Age settlement of Shagalaly II is located on the right bank of the river
of the same name. The area of the monument is more than 15 hectares. In the valley of the
Shagalaly River, there are many archaeological sites, the largest and most studied of which is
the settlement we are studying. The river flows through the territory of the Akmola and North
Kazakhstan regions and originates at the foot of Mount Ak-Shoky, not far from the Imantau rural
district of the Aiyrtau region.

The valley of the Shagalaly River runs along the Kokshetau Upland and the North Kazakhstan
Plain. In its middle reaches, the river flows into the southwestern part of Lake Kopa and flows
out from the northern side of the lake. Thus, the lake regulates the flow of water from the
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Shagalaly in its lower reaches. After leaving Lake, the Shagalaly becomes a typical steppe river
and flows into the endorheic lake Shagalalyteniz. The settlement of Shagalaly II, represented
by several dozen depressions ranging in size from 40 to 160 square meters, is located at the
foot of a hill (cape). On the southern and southeastern sides, the settlement is separated from
the burial field by depressions of the Adyr ridges. On the northern side, it is surrounded by the
Shagalaly River. Topographical analysis has shown that the river flowed very close to the cape.
Two depressions, located close to each other, recorded near the settlement are the remains of
the old river bed. Near the settlement, the water flow divided into two branches, one of which
crossed the modern river terrace, and the second flowed along the foot of the hill. Today, the
first of the two branches is still clearly visible, and the second is almost completely covered with
alluvial deposits that rolled down the slopes.

Shagalaly riv.

=

sl

Kenotkel Vilzsalda\ ~ %" NN T Y A

B

Fig. 2. Monuments in the Shagalaly River basin: 1. Shagalaly II settlement; 2. Shagalaly IV burial mound

Entry and exit could be carried out through the ascent to the hill and cape through the central
part of the slope. The topographic plan highlights another feature of the strategic location of the
monument: the river, flowing around the settlement and directing its waters from west to east,
swamps the territory to the west of the residential development, creating a natural barrier to
invasion. According to the topographic plan, the area occupied by the settlement is from 25,000
to 27,500 sq. m. The settlement extends 200 m from north to south and 120-130 m from east to
west. However, judging by the available data, part of the settlement was destroyed by the river
flow in ancient times. During the Bronze Age, the size of the settlement was larger than today.
Focusing on the topography and surrounding landscape of the Shagalaly II settlement, we come
to the following conclusions. The settlement occupies a dominant position on the Shagalaly
River, occupying the upper section of the river. The settlement belongs to the category of
large and multi-layered. Stratigraphy demonstrates the presence of cultural layers of the early
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Alakul, early Fyodorovo, Alakul, Fyodorovo, mixed and Sargara-Alekseyev cultural types. The
peculiarity of the cultural layer of the settlement of Shagalaly Il is the presence, in addition to
local traditional ceramics, of imported easel ceramics from the ancient agricultural oases of
Central Asia and the existence of construction horizons of the transition period from the late
Bronze Age to the early Iron Age.

Items discovered during the exploration of the Shagalaly I settlement:

1) Two metal ingots were found in dwelling N5 in a layer with ceramics of the Fyodorovo
archaeological culture (DSC00784, DSC00786).

2) A bronze jewellery tool in the form of a rod, 5.6 cm long. Square in cross-section, 0.4 cm
thick. Both ends are flattened and sharpened. Found in dwelling #4, square A/1, depth 40 cm
(DSC00788).

3) A needle made of a bronze rod, round in cross-section, 0.3 cm in diameter, 7.5 cm long.
Pointed on both sides. Found in the cultural layer of dwelling Ne6. Excavation VII, sq. B-4, depth
45 cm (DSC00790 a).

4) A bronze jewellery tool in the form of a rod, 5.6 cm long. Square in cross-section, 0.4 cm
thick. Both ends are flattened and sharpened (b) Excavation VI, sq. I-6, depth 75 cm (DSC00790 b).

5) A narrow bronze chisel with a straight working end. There are borders - stiffening ribs
along the edges. Total length 12.3 cm, width in the middle part 1.1 cm, thickness 0.5 cm;
thickness along the edges (borders) 0.6 cm. The working part is in the form of a blade 1.4 cm
wide; traces of wear are clearly visible. Excavation V, sq. L-6, depth 55 cm. Dwelling No. 5, second
construction horizon (DSC00790 c).

6) A dagger with a plastic blade broken into three parts and an elongated ringed handle. The
handle is made in the form of a plate folded inward on both sides. The resulting ridges served as
stiffeners. The handle ended with a pommel in the form of a weakly expressed ring formed by a
round hole with a diameter of 0.8 cm. The total length of the dagger is 19.4 cm, the blade length
is 10.9 cm, the width is 3 cm, and the thickness is 0.3 cm. The length of the handle is 8.5 cm, the
width is 1.7-2.1 cm, and the thickness is 0.6 cm. Found in the cultural layer of excavation VII, sq.
D-2, depth 60 cm (DSC00792 a, b, c) (Sakenov 2017: 221, Fig. 6.3. 2).

Shagalaly IV burial mound (Fig. 1.2) is situated to the east of the Bronze Age settlement
on a hillock north of the Koshkarbay River. Contained a female burial of the late Sarmatian
period. The accompanying inventory included various ornaments, including a fibula and bells
(DSC00791 a, b, ¢, d) (Table 1. No. 33, 34, 35, 36).

Sandyktau. Sandyktau mine working (Fig. 1.3). The object was discovered and studied in
2023 on the territory of the Sandyktau district of the Akmola region during archaeological
excavations at a Bronze Age settlement in the Zhabay River basin. During a reconnaissance
survey of the area 2 km south of the main ridge of Sandyktau, 0.9 km east-southeast of the
settlement, traces of mining activity were discovered. Four mine workings in the form of three
open pits and a quarry were recorded on the top of a treeless hill.

Quarry No. 1 occupies the first ridge with granite block outcrops on the surface. Traces of
block uprooting and granite slab harvesting have been discovered. The working pits occupy the
rocky peaks of the central and eastern ridges. The workings are a series of pits of varying length
and width, the walls and bottom of which consist of rock with traces of green oxide and rubble.
Mine working No. 2 is located on the ridge of a hill 1 km southeast of the settlement. The length
of the selected area is 275 m. Several main pits associated with the extraction of concentrated
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ore deposits are recorded along the line of the workings. The dimensions of the largest are 6 x
62 m, and the depth is 2 m. From the west and east, there are two dumps. In the central part of
the pit, there is a platform littered with waste rock. Working No. 3 is located 58 m to the west of
working No. 2,37 m long, 5 m wide. Working No. 4 is the largest; the length of the rocky outcrop
along which it goes is 468 m. It is located 1.4 km southeast of the settlement. It consists of two
main large pits and more than a dozen smaller ones. The first is located at the top of the hill, its
length is 84 m, width is 6 m. The second is 25 meters to the south and below. Its length is 77
m, width is 7 m. Around the pits, there are waste rock heaps up to 2 m wide, about 1 m high.
The average depth of the pits is about 1 - 1.5 m. The maximum is up to 2.5 m. Ore workings, the
presence of identical

Fig. 3. Mine workings: 1. Layout of the monuments; 2. Mine workings No. 3.
3. Working pit in the central part; 4. Rock with remains of green mineral

rock, including traces of temperature effects and slags in the settlement, allows us to
confidently say that the inhabitants of the settlement were involved in the process of metal
mining and processing. Two rock samples (DSC00780 a, b) were taken from the territory of the
workings (Table 1. 3, 4).

Burabay. Ulkensor burial mound (Fig. 1.4). The monument is located in the Burabay district
of the Akmola region, 5.5 km northeast of the village of Ablaikhan, 60 meters west of the shore
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of Lake Ulkensor, between the lake and the Kishisor salt marsh. The area is a plain north of the
Karabaur ridge, dissected by hills, salt marshes, and small steppe lakes.
The mound is made of stone and earth, round in plan and flattened in cross-section. The
diameter is 12 m, the height is 0.3 m. Judging by stratigraphic observations, the burial was
done in a side chamber of the pit. The deceased was laid on his back, head to the west, face to
the north. During the clearing, various burial items were found: a dagger, a whetstone, a knife,
arrowheads, horn parts of a composite belt, a hanging clip for a quiver, parts of a whip, a pin of
a clasp, and a clasp (Yarygin et al, 2023: 135). Arrowhead remains were found under the left
hand. A total of nine bronze arrowheads with decayed shafts were found. The arrows were lying
with their tips toward the feet. The length of the surviving shafts is 19.8 cm, the average length
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Fig. 4. Ulkensor burial mound. Arrowheads from the burial

of the arrowheads is 3.7 cm. The width of the bundle is about 5 cm. The arrowheads belong
to two types: five three-bladed and four two-bladed, with distinct bushings. The burial dates
back to the 7th-6th centuries BC. (Valchak etal. 2017: 142-154; Margulan et al. 1966: 337-338,
Fig. 32; Beisenov, Chotbaev 2001: 290-293). Seven arrowheads (DSC00799 a, b, ¢, d, e, f, g) were

selected for analysis (Table 1, 26-32).
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In 2019-2022, a number of items that were accidentally discovered at different times in the
vicinity of the Burabay mountain forest massif of the Akmola region of the Republic of Kazakhstan
came into the possession of research fellows of the A.Kh. Margulan Institute of Archaeology
(Burabay Archaeological Squad). Eight items were found in the vicinity of the village of Madeniet
in the Burabay district of the Akmola region (Fig. 1.6). This location is interesting because in the
mid-20th century, two Bronze Age burial grounds were explored here — Obaly and Buyrekkol
(Orazbaev 1958: 240-241). Inspection of the find sites in 2022 revealed two new sites - the
Bronze Age settlement of Akkain and the Madeniet mine working.

Madeniet
3,3 km

site Akkain
LI R

ruins outbuildings |

Google'Earth

Fig. 5. Finds from the Akkain settlement

Items discovered during the study of the Akkain settlement (Musaeva et al. 2024):

1) A metal sickle-shaped tool, lamellar, symmetrical, with an expansion in the middle part
(Fig. 5.1). The length of the item is 18 cm, the maximum width is 2.2 cm. The degree of curvature
of the working part is average. Both ends are rounded. The cross-section is wedge-shaped.
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The tool is made of a metal plate. This item belongs to type B - a scraper-plane according to
the classification of N.A. Avanesova (Avanesova 1991: 22). According to the classification of
V.A. Dergachev and V.S. Bochkarey, the artifact belongs to the Petrovka type of sickles of the
Ural group of settlements. The very name of this type reflects the cultural and chronological
attribution of the item. The closest analogies can be found among similar objects from the
materials of settlements of the Ural-Kazakhstan region (Avanesova 1991: pl. 18:18, 20; ibid.:
pl. 19:26, 30,34; Ankushev et al. 2021: 72, fig. 2:1; Dergachev, Bochkarev, 2002: 38, pl. 33;
Evdokimov 1983: 37, fig. 2:9; Degtyareva 2023: 42, fig. 1: 3, 6, 7; Zdanovich et al. 1970: 14, fig.
21; Zdanovich 1988: 168, pl. 10A:20, 21; Kuzminykh et al. 2023: 56, fig. 2: 1-10; Potemkina
1985: 99, fig. 33:1; ibid.: 163, fig. 53:4) (DSC00797 a) (Table 1.20).

2) Single-blade plate sickle knife with a handle (Fig. 5.2). Length 21.4 cm. Made from one
plate. The blade is slightly curved, and the end is rounded. Blade length 12.4 cm, width 3 cm.
The thickness of the spine is 0.35 cm. The blade is sharpened on one side only. The width of
the blade edge is 0.5 cm. The handle is straight, 9 cm long, 2 cm wide, and 0.3 cm thick. There
is a slightly pronounced ledge between the blade and the handle. The edges of the handle are
bent in the opposite direction in relation to the sharpened side of the blade, forming a small
rib on top and a ridge with a diameter of 0.5 cm at the bottom. The entire plate is covered
with a dark green patina. Knives of this type are usually about 22-24 cm long, with a wide
blade and a massive cast handle. This group of knives is quite numerous and variable. According
to N.A. Avanesova, all variants by the type of handle can be divided into three subtypes: flat-
handled, grooved-handled, and with a slotted handle. The knife from the vicinity of the village
of Madeniet, judging by the handle, occupies an intermediate position between the first and
second subtypes. Finds of this group of knives in the closed complexes of the settlements of
Kamyshnoye II, Yavlenka I, Chaglinka, Sargara, Karkaralinskoye, and Malo-Krasnoyarskoye,
together with "roller" ceramics, allow us to date them no later than the 12th-9th centuries
BC (Avanesova 1991: 27-28). Some distant analogies are demonstrated by a single-bladed
knife from random finds in the Southern Trans-Urals (Epimakhov 2011: 15-17). The closest
analogs of knives of this type were discovered at the Bronze Age site of Chelkar near the city
of Stepnyak. Fragments of Alakul and Fyodorovo vessels were found at the site, but the largest
group of fragments belongs to the Sargara-Alekseyev culture (Orazbaev 1958: 292, pl. X. 4-5)
(DSC00795) (Table 1. 19).

3) Ametal knife withadistincthandle, single-edged, withanasymmetrical blade configuration,
with a rounded mount on the handle (Fig. 5.3). The length of the tool is 17 cm, the length of the
handle is 9 cm, the length of the blade is 8 cm, the greatest width of the blade is 1.7 cm, the
greatest width of the handle is 1.5 cm, the diameter of the mount is 0.5 cm. The knife has a
handle that widens towards the pommel, separated from the blade by a small ledge. The cross-
section of the handle is oval. The pommel has an irregular shape. Probably after casting, the
pommel was rounded, and an excess of metal was formed on the sides. The rounded hole is
shifted to the right side, possibly for the correct distribution of the weight of the tool when
hanging it from clothing. The blade edge is straight (DSC00797 b) (Table 1. 21).

4) A metal knife with a distinct handle, single-edged, with a symmetrical blade configuration
(Fig. 5.4). The length of the tool is 17.7 cm, the length of the handle is 4.6 cm, the length of the
blade is 13.1 cm, the greatest width of the blade is 1.5 cm, and the width of the handle is 1 cm.
The knife has a straight handle, separated from the blade by a small notch, which can be taken
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for an emerging ledge. The handle is wedge-rounded in cross-section, has a rounded, thickened
pommel. The blade edge is slightly curved, and the cross-section is wedge-shaped. The knife
is cast. According to the classification of N.A. Avanesova, it belongs to type B1 - flat-handled
knives (Avanesova 1991: 28). According to the classification of A.D. According to Degtyareva
and N.V. Ryndina, this tool belongs to type [-2 (Degtyareva, Ryndina 2020: 20, Fig. 2). Similar
knives were widespread at Bronze Age sites in the Ural-Kazakhstan region (Avanesova 1991: pl.
33, Krivtsova-Grakova 1947: fig. 27:1; Potemkina 1985: 267). The similarity of morphological
features allows us to attribute it to the Petrovka culture (DSC00797 d) (Table 1. 23).

5) A metal knife, single-edged, plate-shaped, with a distinct handle and a symmetrical blade
configuration (Fig. 5.5). The length of the tool is 15 cm, the length of the handle is 7 cm, the
length of the blade is 8 cm, the width of the blade is 1.3 cm, the greatest width of the handle is
1 cm. The knife has a straight handle, tapering towards the pommel, separated from the blade
by a small ledge. Perhaps the handle was wider than its surviving part. The cross-section of the
handle is wedge-shaped; the pommel was probably originally oval. The blade part is rectangular,
the cross-section is wedge-shaped, and the end is rounded and broken off. The knife is made
of a metal plate. The tool is heavily deformed. According to the classification of N.A. Avanesova,
it belongs to type B2 - handle knives with a ledge (Avanesova 1991: 27). According to the
classification of A.D. Degtyareva and N.V. Ryndina, this weapon belongs to type I-2 (Degtyareva,
Ryndina 2020: 20, Fig. 2:8). Similar tools are found in the materials of the Bronze Age sites
of the Ural-Kazakhstan region (Avanesova 1991: pl. 30: 3-10, pl. 31: 1, 4, 6-10; Zdanovich et
al. 1971: 13, fig. 19: 1, 2; Zdanovich 1988: fig. 28:1, pl. 10A: 17; Kuzminykh et al. 2023: fig. 2:
11-16; Potemkina 1985: fig. 33:2, fig. 48:6, fig. 51:4) (DSC00797 e) (Table 1. 24).

6) A fragment of a metal knife, plate-shaped, single-edged, probably with a distinct handle
(Fig. 5.6). The handle is broken, only the blade is preserved. The blade is 9.5 cm long and 1
cm wide. The blade is slightly curved, the end is pointed and rounded, and the cross-section
is wedge-shaped. The knife is made of a metal plate. This tool is similar to the previous one
in the morphological features of the blade, so it can belong to type B2 - handled knives with a
ledge, like the previous specimen (Avanesova 1991: 27). According to the classification of A.D.
Degtyareva and N.V. Ryndina, this tool belongs to type I-2 (Degtyareva, Ryndina 2020: 20, Fig.
2:2) (DSC00797 c) (Table 1. 22).

7) A knife-dagger, related to the category of handled knives (Fig. 5.7). It has an elongated
handle without a stop roller. A symmetrical lens-shaped laurel blade with sloping shoulders.
The length of the dagger is 20 cm. The length of the blade is 14 cm, the width is 3 cm, and the
thickness is 3.5 cm. In the centre of the blade, there is a thickening in the form of a weakly
expressed rib. The end is rounded. The length of the handle is 6 cm, the maximum width is
1.4 cm, and the thickness is 0.5 cm. The handle is rectangular in cross-section, flattened, and
narrowed at the pommel. In the central part, it has an expansion, giving it a diamond-shaped
outline. The colour of the metal in places of contemporary damage is red. Judging by its shape,
it goes back to daggers with lateral notches along the wedge, probably being a derivative of the
Fyodorovo tradition, which is characterized by the placement of notches closer to the handle
(Avanesova 1991: 22-23; Chernykh 2002: 20, Fig. 15; Chernykh 2008: 36-53; Mei, Shell 1999:
570-578). The close similarity of the blade shape and the absence of a stop are demonstrated
by the knife-daggers of the Sargara-Alekseev culture discovered in the Altai Territory. Similar
ones are known from finds at the early Sargara settlement of Sovetsky Put’-1 (12th (11th)-9th
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centuries BC) (Sitnikov 2015: 31-37, Fig. 57, 1; Papin et al. 2006: 107-116). In the west of the
Roller Pottery culture community, similar types of daggers are known from sites of the Ivanovo
(Khvalynsk) culture (15th/14th-13th/12th centuries BC). These are handled knives with a leaf-
shaped blade without a crossguard, characteristic of complexes such as the Loboikovo deposit
of bronze objects and other sites (Kolev, 2008: 208-240, Table 5, 7-9; Dergachev, Bochkarev,
2002: 322; Tab. 112. 2). Similar forms are known in the Central Kazakhstan monuments of the
late Bronze Age (Beisenov, Varfolomeev 2008) (DSC00793) (Table 1. 16).

A single-edged lamellar knife was found 7 km south of the Akkain settlement and 3 km
southwest of the Buyrekkol burial ground in the Madeniet mine. The handle and the tip of the
blade were broken off in ancient times. The length of the preserved part is 10.9 cm. The width
of the spine is 0.5 cm. The length of the blade is 5.6 cm. The width of the blade is 2 cm. The
width of the handle is 1.6 cm, and the thickness is 0.2 cm. The upper part of the blade (spine)
and the handle are located on the same line. The end is arcuately lowered to the blade, forming
smoothed wedge-shaped outlines. On the lower part of the handle, where it joins the blade,
traces of forging are visible. A large series of knives of this type were discovered during the
study of Andronovo (Fyodorovo) burials at the Elovka II burial ground in the Tomsk Ob region.
All knives

4
3

Madiniet
4 km . Byirekkol
burial ground

Tasshalkar laké
@ mine workings

o 1

Google Earth;

Fig. 6. Madeniet: 1. Location of monuments; 2. Plate knife from the mining area

were cast on one side, many of which have clearly visible traces of blade forging. The sizes
of the items vary from 7 to 18 cm. The first group has a distinctive handle, which is separated
from the blade by a ledge. The second group has a handle that is not completely separated
from the blade or is weakly separated. The Andronovo monuments of the region are dated no
later than the middle of the 2nd millennium BC (Matyushchenko 1973: 12-13, 42. Fig. 8, 1-13)
(DSC00795) (Table 1. 18).

The following artifact was discovered on the territory of the monument, which is part of
a cluster of Bronze Age objects associated with large mining centers that existed in the 2nd
millennium BC in Burabay and Stepnyak. This is a metal ingot - a defective item. It was discovered
at the Bronze Age settlement of Saule, located in the Burabay district of the Akmola region. The
monument occupies a natural cape on the bend of the Beketkenozek stream flowing into Lake
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Kotyrkol, 3.5 km west of the village of Saule and 11 km southwest of the city of Stepnyak. The
area of the monument is about 150,000 square meters. During the inspection of the settlement,
traces of metallurgical activity were discovered in the form of remains of furnaces (DSC00798)
(Table 1. 25).

Saule vil.

Google Earth

IS E—

Fig. 7. Saule settlement. Defective product
Discussion

The integration of archaeology with natural sciences and the use of methods of these
sciences opens up serious opportunities for deepening knowledge in the field of technological
development of ancient societies. This is the purpose of metallography. From the perspective of
natural science methods, bronze is the most informative material.

The described collection comes from seven separate places located within the boundaries
of one geographical province, this and the chronological difference in origin are a source for
further research of the ancient metallurgy of the region using modern natural science methods.
Based on the data obtained, it is clear that in the Late Bronze Age and Early Saka time, the same
types of alloys with natural impurities prevailed. This allows us to assert about local production
and preservation of traditions in the 2nd - 1st millennia BC. Interareal differences are present.
This is clearly seen from the data on the settlements of Shagalaly II and Akkain. Items from
Zerenda demonstrate a large admixture of tin (Sn) in the percentage ratio: 3.1; 3.8; 4.3; 4.4; 6.2;
9.7. Accordingly, the objects from eastern Burabay are more copper, and tin is present in smaller
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proportions: 0.1; 0.6; 1.1; 1.6; 1.9. In addition, in the objects from Shagalala II, the content of
silicon (Si) is increased in percentage: 12.3; 13.6; 14.3; 15.3; 16.6; 19.4; 21.1.

In the early Iron Age, compared to the previous stage, the proportion of phosphorus (P)
increases. In the arrowheads of the early Saka period, in percentage: 1.0; 1.4; 1.5; 1.6; 1.9; 2.2;
2.4. In the products of the Hunno-Sarmatian period: 3.7; 3.8; 5.2; 7.4.

The data on the Hunno-Sarmatian period, although insignificant against the background of
previous historical periods, allow us to talk about the production of objects in another region.
They have a different percentage of silicon (Si), a large proportion of phosphorus (P). The
proportion of copper (Cu) is from 50 to 75%. This is confirmed by archaeological analysis - the
burial rite and accompanying inventory indicate a non-local origin of the buried individual. It
is obvious that the fibula, bells, following the wearer, arrived in Kokshetau from the area of the
late Sarmatian culture of Western Kazakhstan or the Southern Trans-Urals.

The conducted metallographic analyses were carried out on objects from the indicated
archaeological sites for the first time. They significantly supplement the existing ideas about
the metallurgy of the 2nd - 1st millennia BC on the territory of the Kokshetau Upland.

Conclusion

The analyses presented were made on thirty-six separate samples - metal tools, weapons
and costume parts. The artifacts are dated in a wide range from the Late Bronze Age to the
Hunno-Sarmatian period (18th century BC - 3rd century AD). The samples are associated with
finds at sites studied in and around the mountain forest massifs of Zerenda, Sandyktau and
Burabay, which are part of the Kokshetau Upland. The area of the region is 9360 km?. All the
tools examined were made of copper or copper-based alloys in percentages from 44.4 to 99.6.

There are both chronological and intraregional differences. The first is explained by
the different ethnocultural composition of the region's population, which is confirmed by
archaeological data — changes in the appearance of material culture and burial rites from
the Bronze Age to the early Saka period and from the early Saka to the Hunno-Sarmatian
period. The second type of difference is more complex. The region's metallurgical technology
largely derives from ancient Circumpontic traditions, which underwent different regional
developments. In the territory of Northern Kazakhstan in the Late Bronze Age, two groups of
the population associated with the Alakul line of development and the Fyodorovo line can be
distinguished, but most of the objects date back to the period when the differences between
them had already been overcome within the formation of the Sargara-Alekseyev culture. Most
likely, the difference between the manufactured objects from the settlements of Shagalaly II
and Akkain is associated with the difference in the composition of the original minerals. At the
same time, the preservation of some different principles of creating copper alloys among the
metallurgists of Burabay and Zerenda cannot be ruled out.

The conclusions drawn from this analysis are preliminary. Further understanding of the
material and expansion of the analysed group of objects, territorially, chronologically, and
typologically, are required. In addition, work is needed to study the elemental composition,
especially of Bronze Age tools, which requires the use of a uniform approach to classification,
including strict metric and chemical-metallurgical parameters.
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