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MaKanaga KeniHri kKonga fayipi KeseHiHaeri MeTannyprua macenenepi KapacTbipbiafaH. KapaTbinblCTaHyAbIH, FbLIbIMK
3epTTeynepiH naiganaHa oTbipbin, pyAasaH mMbic anyaaH 6actan, MbiC NEH MbIC KOCManapbliHaH anyaH TypAi Kypaeni eHim
eHAjipyre AeniHri TEXHONOrUANBIK NPOLECTi TONbIK KalnblHa KenTipyre MyMKiHAiK Tyapbl. Tanapicait KOHbICbIHAA pyAanaH
MbIC KOpbITY, BylibIM Kacay, eHaey cekingi metann eHaipiciHib, apbip caTtbicbl Tyreare xybik 6ap. Exenri TexHonoruagaH
6yn Aa akcbl manimet 6epeai. MeTann eHAey, yCTaxaHa }yMbICTapbl, MbIC Kyt0, O/1 YLWIH YLWiH TacTaH Kanbin NeH biaplc
»Kacay — 6api Ae meTannyprua eHAIpiCiHiH, COHFbI caTblnapbl caHanaabl.

KapbinaHapipy Kesi: Makana KP FXXEM fK 6afmapnamanbiK-HbicaHanbl KapKblnaHAbIpy ancbiHAa AalbiHAanFaH, TH
BR20280993.

Cinteme »Kacay ywiH: Epmonaesa A.C., EpxkaHoBa A.E., JybarvHa E.B. Tanabicali KoHbicbl — Xe3KasfaH-¥ibiTay Tay-
JibI-MeTaNNyprusa OpTasblFbIHAAFLI €XeNri eckepTkilw. Qazaq Historical Review. 2024. T. 2. Ne 1. 6—18-66. (afbliLUbIHLLIA).
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B nybaunkauumn paccmatpusatoTca npobaembl MeTannyprum no3gHebpoH3oBoi anoxun. C npuBaeYeHWEM AaHHbIX ecTe-
CTBEHHO-HaY4HbIX UCCNeA0BaHUI NPeACTaBUIOCh BO3SMOMHbIM BOCCTAHOBUTb MOJIHOCTbIO TEXHOMOMMYECKMIA NpoLiecc
NPOV3BOACTBA U3AENNIA, HAUMHAA OT NONYYEHUA MeAM U3 PYAbl A0 U3FOTOBNEHUA CNOXKHBIX NPEAMETOB U3 MeaU U Mea-
HbIX cnnaBos. Ha noceneHwmn Tangbicaii 6bin NpeacTaBAeH NOYTU BECh LMK METaIONPOU3BOACTBA: BbINIaBKa Mean u3
pYyAbl, MNTbe rOTOBbIX U3AENNIA, UX Ky3HEeUYHaa A0paboTKa, YTO CAEeNano BO3MOMKHbBIM NOMYYUTb CBEAEHUA MO APEBHUM
TEXHONOrMAM. 3aBeplualoLLeli cTaanelt meTanNypruyeckoro NPoun3BoOACTBa ABNAETCA MeTanno0obpaboTka, BKAKOYatOLWan
pas/iMyHble NNTelHbIE U Ky3HEeYHble onepauuu, a TakxKe NoboyHble onepaLyn: NPUroToBAEHWUE TUINEN, bAYeK, IUTeNR-
HbIX GOPM, KAMEHHbIX OPYANI Ana 06paboTKM meTanna.

UcTouHuK puHaHcMpoBaHua: CTaTbsA NOArOTOBNEHA B paMKax NporpammHo-Lenesoro ¢puHaHcmposanma KH MHBO PK,
MPH BR20280993.

Ansa uutuposBaHua: Epmonaesa A.C., EpxkaHoBa A.E., [lybsruna E.B. Mocenexve Tanabicaih — NaMATHUK ApeBHEN me-
Tannypruv B XesKasraH-YNbiTayCKOM rOpHO-MeTaalypriuyeckom LeHTpe. Qazaq Historical Review. 2024. T. 2. Ne 1.
C. 6-18. (Ha aHrn. s13.). DOI: https://doi.org/10.69567/3007-0236.2024.1.6.18

Introduction

The research group uses materials from the Taldysay Settlement to resolve issues related to the
technical side of the metal production process. Many years of field archaeological research on the
settlement contributed to the accumulation of metal products, which made it possible to carry out
complex reconstruction and experimental work to recreate both the general design of smelting
furnaces and the technological process of obtaining copper in them and making products from it.

In the system of the West Asian (Eurasian) Metallurgical Province (EAMP) of the Late Bronze Age
(LBA), the most important producers of copper and bronze were the mining and metallurgical
centers (MMC) of present Qazagstan (Fig. 1.a).

One of the largest, the Zhezkazgan-Ulytau MMC, operated in the territory of the present Central
Qazagstan and was based on the development of the rich Zhezkazgan copper ore deposits
[Berdenov 1998: 184-185]. As a result of geological and archaeological research in the 1930—
1950s, numerous ancient developments and settlements for copper mining and smelting were
identified [Valukinsky 1948: 33—-39; Margulan 2001: 20, 53-54]. During the development of
industrial quarries, all of them were destroyed. For the Taldysay Settlement, its location outside
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Fig.1. a) Mining and metallurgical regions and centers of Qazagstan (according to E.N. Chernykh,
S.A. Berdenov); b) General view of the Taldysay Settlement (aerial photography by Renato
Sala and Jean-Marc Deom)

= 1-cyp. a) KasakcTaHHbIH Tayabl-MeTannyprusa obabictapbl MeH opTanbiktapsl (E.H. YepHbix, C.A.

BepaeHos 6oibiHwWa); b) Tanabicait KOHbICLIHbIH Kaanbl KepiHici (aapodoToTycipinim: P. Cano

E g e waHe X.-M. leom)

Puc. 1. a) fopHO-meTannyprudeckne o6nact u LeHTpbl KasaxcraHa (no E.H. YepHbix, C.A. bepaeHo-
By); b) O6wmit Bua Ha noceneHune Tangpicait (aspodoTtocbemka: P. Cano v XK.-M. [leom)
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the industrial development zone turned out to be a saving grace. The settlement is in the tract
of the same name at the confluence of the Ulken Zhezdy and Bala Zhezdy rivers in the present
Ulytau administrative district of the Ulytau region (Fig. 1.b).

Since the early 1990s, a comprehensive study of the site has been carried out, including field and
laboratory research using natural scientific methods and experimental and three-dimensional
modeling (Fig. 2). These works contribute to the solution of controversial problems not only of
the Zhezkazgan-Ulytau MMC, but also of the ancient copper metallurgy of Qazagstan as a whole.

BO3[YXO0BOA

AbIMOX0A

Fig.2. Taldysay Settlement. Three-dimensional graphic model of a thermal engineering structure
(TES) of a half-shaft type.

2-cyp. Tangbicaii KOHbICbI. MbIC KOPbITYFa apHasifaH, *KapTblNai *Kep acTbiHA Ka3bl/FaH OLUAKTbIH,
rpaduKanblK KepiHici

Puc. 2. MNocenenune Tanapicait. TpexmepHasa rpadnyeckas moaenb NoNyLWaxTHOTO TeNOTEXHUYECKO-
ro coopy»eHus (TTC)
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Results

At the settlement, thermal engineering structures (TES) of various types formed industrial and
housing complexes, indicating the appearance of specialized settlements of metallurgists in the
MMC during the Bronze Age (Fig. 3—8). Industrial and housing complexes functioned on Taldysay
throughout the Late Bronze Age (2nd millennium BC), starting from the objects of the Petrovka
culture (Nurtay type of sites) to the buildings of the Andronovo horizon [Ermolaeva 2016: 126-141;
Ermolaeva et al. 2017: 22-38]. The metallurgical specialization of the settlement, like the entire
Zhezkazgan-Ulytau MMC, was dictated by the richest deposits of oxidized and sulfide copper ore.

Open metallurgical complexes and impressive collections of different categories of finds
determined the specialization of the inhabitants of the settlement in metal production,
represented by the smelting of copper from ores and metalworking, consisting of various foundry

Hasemnoe
TLIaBHITLHOS

YCTpOMCTBO SIma-xonozgen 1

Hasemnbie

Ma-1eub 3
neun (?)

Fig. 3. Taldysay Settlement. Western Housing and Industrial Complex (WHIC). Photo collage.
General view from the north side of the production site

3-cyp. Tangbicai KOHbICbI. BaTbIC TYPFbIH YA-BHAIPICTIK KelweHi. DOToKoNNaXK. OHAIPICTIK aNaHHbIH,
CONTYCTIK »afblHaH KapafaHAaFbl KOpPiHicCi

Puc. 3. MoceneHne Tanabicait. 3anagHblii X KUANLWHO-NPOU3BOACTBEHHbINM KommaeKc (3MMK). doTo-
Konnas. O6Lmit BUA C CeBEPHOW CTOPOHbI NPOM3BOACTBEHHOW NAOLWAAKN
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and forging operations, as well as the preparation of crucibles, lyachkas, casting molds, and stone
tools for metal processing.

According to the classification, all thermal engineering structures (TES) were divided mainly into
three types according to the criteria of relation to the surface and fundamental differences in the
internal and external structure.

1) Mine-type TES, sunk into the ground up to two meters or more, with long horizontal chimneys
and a complex air-conducting system. Furnaces of this type operated without forced blast
(Fig. 4: a, c—d).

2) TESs of the ground type were small, had a slight depth of the furnace into the ground, and
operated on forced blast using bellows (Fig. 4: b).

3) The transitional option was probably a half-shaft type TES, buried half a meter to a meter
into the ground. This includes TESs that were varied in their design, having similarities in
individual design elements with both types of stoves, including with different options for

paspes
TIHHBI-00MA3KH

E . E Fig. 4. Taldysay Settlement. a) Western Housing and Industrial Complex, the shaft-type thermal
= engineering structure; b) Western Housing and Industrial Complex, the ground-type thermal
engineering structure; c—d) Eastern Housing and Industrial Complex, the thermal engineering
; structure of shaft type
E . 4-cyp. Tanabicait KOHbICHI. @) baTbIC TYPFbIH YA-BOHAIPICTIK KEeLeHi, MbIC KOPbITKbILW oLwak, Typi; b)
. . BaTbIC TYpFbIH YA-EHAIPICTIK KelweHi, »ep 6eTiHAer MbIC KOPbITKbILW owak; b) baTbic TypFbiH
YW-BHAIPICTIK KeLeHi, TenNoTeXHNYECKoe COopyXeHne HazemHoro Tuna; c—d) LUbifFbIC TYpPFbiH
YM-6HAiPICTiK KeweHi, MbIC KOPbITKbIL OLaK
Puc. 4. Nocenexue Tanapicait. a) 3anagHblit UANLWHO-MPOU3BOACTBEHHbIN KOMMNAEKC, TENIOTEXHU-
YeCcKoe COOPYMKEHME LAXTHOro TMNa; b) 3anafHbli KUANLLHO-NPOU3BOACTBEHHDbIN KOMMEKC,
TEN0TEXHUYECKOE COOPYKEHWNE HA3EMHOTO TUNA; C—d) BOCTOYHBIN KUAULLHO-NPOU3BOA-
CTBEHHbIV KOMMAEKC, TENIOTEXHUYECKOE COOPYXKEHME LWAXTHOTOo TUNa

B, QazaqHistorical Review
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FOKHAA CEXIHAA

CEBEPHAS CEKIHA

Fig. 5. Taldysay Settlement. Eastern Housing and Industrial Complex, the three-section thermal
technical structure of shaft type. a) southern section; b—c) southern, northern, and western

[=] 2
azaqHistoricalReview

sections
= 5-cyp. Tangbicait KoHbICbI. LLbIFbIC TYPFbIH YA-OHAIPICTIK KELLEHi, *KepAi Ka3bin *KacanfaH MbIC KO-
! PbITKbIL OLAK. @) OHTYCTIK CeKLMACA; b—C) OHTYCTIK, CONTYCTIK }aHe 6aTbiC CekumaAchI
E 1 % Puc. 5. Mocenenve Tangpbicait. BOCTOUHBIN }UANLLHO-NPOU3BOACTBEHHbIN KOMMIEKC, TPEXCEK-

LMOHHOE TEMN/IOTEXHUYECKOE COOPYIKEHME WAXTHOIO TUMA. a) 0XKHaA cekums; b—c) toxkHas,
ceBepHas 1 3anagHas cekumu
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waxtHoe TTC &

OpHoceKkUuMoHHoe
waxTtHoe TTC

Komnnekc
Ha3eMHbIX

TTC (3MK)

[lByxKamepHoe
TTC
E - E Fig. 6. Taldysay Settlement. Eastern Housing and Industrial Complex, the thermal engineering
.I:'a- structure of shaft and ground types. Photo collage
6-cyp. Tangbicait KoHbICbI. LUbIFbIC TYPFbIH Vi1 - OHAIPICTIK KeleHi, *ep beTiHe XKaHe »Kep acTbiHa
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Ca/iblHFaH MbIC KOPbITKbILL OlaK. PoToKkonnax

 Frud i o ; ;
% Puc. 6. Nocenenune Tanapicain. BOCTOYHBIN XKUANULLHO-NPON3BOACTBEHHbIN KOMMAEKC, TENNOTEXHU-
E 1 e YecKoe COOpYKEHUE LWAXTHOTO U Ha3eMHOro TMNoB. PoToKoNNaK

chimneys (Fig. 7). The same type includes three-section TESs (Fig. 5), which could be used for
roasting primary sulfides [Rusanov, Ermolaeva 2011: 36-58].

Taldysay thermal engineering structures of ground type are similar to the designs of furnaces in
different regions of Eurasia: in present Northern Qazagstan at the settlement of the Petrovka culture
Semiozerka 2, at the fortified settlements of the Sintashta culture in the Southern Urals, at the
Chervone Ozero-3 Settlement of the Srubna culture of the Kartamysh archaeological district of the
Donetsk Mining and Metallurgical Center (Eastern Ukraine) [Grigor'ev 2000: 444-531; Brovender
2013: 127-151]. It is probable that only basic models were borrowed, based on the similarity of
metallurgical processing technology, without a complete imitation of the TES designs of these regions.

Metallurgists of Sary-Arga, working in different environmental conditions with a limited
possibility of obtaining charcoal, had Zhezkazgan deposits rich in copper sulfide ore as a source
of raw material, so they significantly modified the design of the TESs, transferring them mainly to
the mode of natural rather than forced air injection. In shaft-type furnaces, the redistribution of
sulfide copper ore was carried out.

The main parameters of the Taldysay metallurgical furnaces were replicated by Igor Rusanov,
who designed three types of TES in 2012-2013. The experiment confirmed the identification of
thermal engineering structures with copper smelting furnaces for smelting copper from oxidized
and sulfide ores [Rusanov 2013: 364-388].

Experiments showed that the process of producing copper from secondary sulfides was simpler
and less expensive: savings in fuel, labor, and time were achieved; copper smelting was more
efficient with less effort and expense. The use of thermal units of such sizes as mine-type TES is
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Fig. 7. Taldysay Settlement. Northern Housing and Industrial Complex, the semi-shaft type thermal
engineering structure with a chimney

7-cyp. Tangbican KOHbICbl. CONTYCTiK TyPFbIH Y — OHAIPICTIK KeLLeHi, *KapTblaai xepre Kasbl/ifaH,
MbIC KOPbITKbIL Myp>Kasibl OLLaK

Puc. 7. NoceneHne Tangbicait. CeBepPHbIN XUANLWHO-NPON3BOACTBEHHbIV KOMMIEKC, TENAOTEXHUYE-
CKOE COOpYKeHMe NONYLWAXTHOro TUNa C AbIMOXOA0M
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Ne 1 TurenbHoe
YCTpOICTBO TpexcekunonHas TTC

TTC MOJYLWaXTHOTO TUMa

Ha3eMHOro  C/1bIMOXOZIOM
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Ne 2 TTC HazemHoro Tvna,
(aByxKkamepHoe)

»KepTBONpUHOLLEHNE
B KBagpate B16

Ne7TTC(?)
Ha3emMHoro Tuna
(kynonbHoe)

TTC(?)
Ha3eMHOro
Tna

Ne6TTC (?)
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Fig. 8. Taldysay Settlement. Northern Housing and Industrial Complex. Photo collage. General view
from the north. Thermal engineering structures of shaft, half-shaft, and ground types

8-cyp. Tanapicait KOHbICbl. CONTYCTIK TYPFbIH YA-OHAIPCTIK KewweHi. doTokonnax. ConTycTiriHeH
KapaFfaHAafbl Xannbl KepiHici. ep 6eTiHe KaHe KapTblnai Kep acTblHa Ca/blHFaH OLWaK

Puc. 8. Mocenenue Tangpicaii. CeBEpHbIN }KUANLLHO-NMPOU3BOACTBEHHDBIV KOMNAEKC. POTOKONNAXK.
O6LWunii BUA, C CEBEPHOI CTOPOHBI. TENIOTEXHUYECKOE COOPYIKEHUE LLIAXTHOTO, MOYLIAXTHOrO
1 HAa3eMHOro TUMNOB

due to the lack of fuel in the semi-desert region of Ulytau and the presence of easily accessible
copper raw materials, i.e. secondary sulfides. Experiments and calculations confirmed that
the use of a mine-type TES at Taldysay provided significant fuel savings due to the exothermal
combustion of sulfur, which increases the melting point of copper.

Using the example of the Taldysay TES and the experiment carried out, it was confirmed that all
pits of this type, indeed, had air ducts like the TESs of Atasu, Myrzhik, Agmustafa settlements of
the North Betpaqdala MMC [Kadyrbaev 1983: 134-142; Kadyrbaev, Kurmankulov 1992: 245].

The study of fragments of copper ores and metallurgical slag showed that both oxidized malachite-
azurite and sulfide chalcocite-covellite copper ores were used at the Taldysay Settlement. Almost
the entire metallurgical cycle was carried out at the settlement: smelting copper from ore, casting
products, and forging them.

The presence of not only copper smelting, but also copper foundry production is confirmed by
finds of copper end-products: knives (Fig. 9: b—c), punches, chisels, awls, needles, paper clips,
beads, etc., stone (Fig. 10: b ) and ceramic casting molds, ceramic lyachkas, nozzles and crucibles
(Fig. 10: a, c), bone and stone polishes for polishing products after casting.

Weaponry, which includes arrowheads made of stone, bone, and copper, and casting molds made
of talc, is the most representative category of finds. Copper arrowheads are morphologically
diverse and chronologically mark different stages of the functioning of the site during the 2nd
millennium BC. (Fig. 9: a). All of them belong to the forged and cast classes. The nature of the
nozzle makes arrowheads with a protruding and hidden socket from the Early Alakul period stand
out among the forged ones. After being cast into a mold, each piece was subjected to extensive
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forging. Knives made using forged and cast technologies (Fig. 9: b-c) are another diagnostic
category of products.

South Korean archaeometallurgist Jang-Sik Park has conducted an extensive technological study
of the metal. A study of the chemical composition and manufacturing technology of metal
products has shown that many products were made using casting + forging technology and were
subjected to extensive forging finishing. Emphasis on forging was associated with the use of
unalloyed copper, where metallurgically “pure” copper was used as the starting material.

The combined use of unalloyed copper as a raw material and extensive machining as a key
fabrication method demonstrates knowledge of the material properties that are determined by
various thermal and mechanical treatments. In this technological tradition, thermomechanical
processing has played a key role in suppressing the undesirable effects encountered when
using nearly pure copper. Forging may be the primary method of shaping the material, during
which noticeable reinforcement may be observed. The manufacturing method must be carefully
coordinated with the chemical composition of the alloys used, which, apparently, was considered
and understood by the ancient foundries. It is important to note that there were items added
with tin and containing appreciable amounts of arsenic, indicating that these elements were
available on a limited scale and their beneficial effects were known at the time.

llaria Calgaro and Miljana Radivojevi¢ from University of London analyzed experimental slags and
copper ingots that were obtained by melting a charge of secondary sulfides in an experimental
shaft furnace similar to the ancient one. As a result, it was confirmed that, in general, the slags
and ingots obtained during Rusanov’s experiment correspond in composition and microstructure
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Fig. 9. Taldysay Settlement. a) metal arrowheads; b—c) metal knives
9-cyp. Tanapicai KOHbICbI. @) kebeHiH meTann ywbl; b—c) meTtann nbiwakrap
Puc. 9. MoceneHue Tanabicait. a) MeTaNIMYECKME HAKOHEUYHWKM CTpen; b—c) meTanamnyeckme HoXKu
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E E Fig. 10. Taldysay Settlement. a) clay nozzles; b) clay crucibles; c) stone casting molds
i-_)% 10-cyp. Tangpicait KoHbICbI. a) cadTebe; b) meTann epiTeTiH ca3s blAbIC; C) Tac KanbinTap
i

Puc. 10. NoceneHune Tangbicait. a) MUHAHbIE COMANA; b) IUHAHBIE TUIK; C) KAMEHHbIE ITENHbIE
dopmbl
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to the ingots found in the shaft furnaces of Taldysay or nearby. The analysis confirmed the actual
correspondence of the functioning of experimental mine-type TES with ancient metallurgical

furnaces and the reproduction of the experiment with good results, which allows to extend this
information to other Bronze Age sites on which the same or similar smelting structures are located.

Conclusions

Thus, the metallurgical specialization of the population of the Zhezkazgan-Ulytau MMC was
dictated by the richest deposits of oxidized and sulfide copper ore. The industrial and housing
complexes identified in the settlements reflect a developed paleo economic infrastructure with
mining, metallurgical and metalworking specialization, as well as the development of ceramic,
leather, bone-carving, and woodworking industries. The study of the Taldysay Settlement has been
carried out comprehensively. Using materials from the settlement, issues related to the technique
and technology of metal production in the Late Bronze Age in the MMC have been resolved.
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