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Abstract: The paper is devoted to the problem of the development level and organization models of
mining within the Eurasian metallurgical province of the Late Bronze Age in the 2" millennium BC. The
main research aim is to determine the chain of technological processes taking place at the Novotemirsky
ancient mine in the Southern Trans-Urals. The sources of raw materials, traces of use, and functional
identification of stone (n=58) and bone tools (n=1) were determined using traceological, petrographic,
X-ray fluorescence, and X-ray diffraction analysis. All tools were divided into three groups depending
on their use: mining (a casting mould for a pick), ore crushing (hammers, small hammers), supporting
devices (“bases”, counterweights for lifting ore).

The absence of mining and processing (grinding pestles, grinding stones) and metal-working
(blacksmith hammers) tools at the Novotemirsky mine indicates a narrow range of technical operations
associated only with direct mining of copper ore and ore-preparing (crushing large blocks). It is assumed
that there is a partial specialization of mining, which consists in the formation of temporary miners’
collectives, who are seasonally involved in these operations.
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Pestome: B cratbe 06cyxmaeTcs mpob/ieMa OLeHKI YPOBH PasBUTI 1 MOJeTIell OpraHM3aLui rop-
HOTO fiefa B TIpefieniax EBpasuiickoil MeTaTypriwdecKos IpOBMHINY O3[jHero 6poH3oBoro Beka. Oc-
HOBHasI Lie/Ib PabOThI — OIIpefie/ieH e el TeXHOIOIMYeCKUX MIPOL[eCCOB, IPOMUCXOAALINX Ha IPeB-
HeM pypgHyke HoBotemmpckumit B IO>xHOM 3aypanbe. OCHOBHBIM MCTOYHUKOM ABNIAIOTCA KaMeHHBIE
(58 9K3.) u kocTsiHBIE OpyAus (1 9K3.) M03/HEr0 OPOH30BOrO BeKa, 0OHAPY)KEHHBIE B XOfie PACKOIIOK
Ha MaMsTHUKe. VIX QYHKIMOHAIbHOE Ha3HAYEeH e I CIIefbl VICIIO/Ib30OBAHNIS, COCTAB I VICTOYHMKI CHI-
Pbst GBIV OIIpefie/IeHBI IIPY IOMOLIY TPACOIOTMYECKOTO, ETPOrpaduiecKoro, peHTTeHOPIyOpeCIeHT-
HOTO ¥ PEHTreHO0(a30BOro aHaIN30B. B KO/UIEKIMI MaMATHUKA BBIAEIEHO TPY TPYIIIIBI OPYAUIL: TOP-
Hompoxofdyeckue (mureitHas ¢popma [yis OTIMBKIU Kalla), pyAoapoouTenbHble (MONOTDI, MOTIOTKIA),
BCIIOMOTaTe/IbHbIE IIPUCIOCOO/IeHNs (II0ACTaBKIL, IPOTUBOBECHL /IS IObeMa PY/BL).

OtcyTcTBre B MaTepuanax HoBOTeMUPCKOro pyaHUKA OPYANIL TOPHO-000raTUTeIBHOTO (TIeCTbI, Te-
POYHUKY) 1 MeTa/I000pabaThIBaollero (Ky3sHeuHble MOIOTKH) IIMK/IOB YKasbIBaeT Ha Y3KUIT CIIEKTP
TeXHIYeCKIX OIlepaliyil, IPaKTUKOBaBIINXCA Ha HOBOTeMIPCKOM PyIHUKE, CBA3AHHBIX TOJIBKO C He-
HOCPEICTBEHHO JOObIYell MeTHO PY/bI ¥ IePBIYHBIM OboraiieHneM (IpobieHneM KpyIHbIX GpopMm).
ITpepmonaraeTcs CylecTBOBaHMe YaCTUYHOI CIeaan3alyy TOPHOTO flefia, KOTOpasl 3aK/II0vaeTcs
B 00pa30BaHN BpeMEHHBIX KO/UIEKTMBOB PYLOKOIIOB, CE30HHO 3a/1eliCTBOBAHHBIX HA TOPHBIX paboTax.

Kntouesvie cnosa: xameHHble Opy/ysi, HO3SHMIT OPOH30BBIII Bek, FO>kHOe 3aypaiibe, anakyabcKast
Ky/IBTYPa, TPACOTOTMYECKMII aHA/IN3, PeHTTeHO(IyOPeCIieHTHBIT aHa/In3, peHTreHO(a30BbIl aHaIN3

Bnazodaprocmu: ViccienoBaHue BbIToNHeHO npu (puHaHCOBOI noppep>kke POV n Yensi6un-
CKOJ1 00/TaCTU B paMKaX Hay4HOro mpoexTa Ne20-49-740002 «/IpeBHeriume mepnHbie pynHuky FOx-
HOro 3aypanbsa». OYyHKIMOHAIBHBIN aHAMN3 OpyANii BbinonHeH V. B. MOTYaHOBBIM B paMKax TeMbl
NeAAAA-A16-116040110036-1 «/IpeBHue 11 cpefjHEBEKOBbIE KY/IbTYPBI Ypasia: pernoHa/IbHble 0COOeH-
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ntroduction
The development of a large number of copper and tin deposits in the Late Bronze

Age is associated with the functioning of the Eurasian metallurgical province [Chernykh,
2008: 46-47]. Nowadays, several centers of mining and metallurgical activity are known
within its boundaries. In the western part of the province there are some complexes (copper
mines and settlements) of the Srubnaya culture were investigated: the Kartamysh complex in
Eastern Ukraine (Donetsk region) [Tatarinov, 1977: 193; Brovender, 2008: 184]; the Mikhailo-
Ovsyanka complex on the Middle Volga (Samara region) [Matveeva, Kolev, Korolev, 2004: 78;
Kolev, 2010]; Kargaly in the Cis-Urals (Orenburg region) [Chernykh, 2008]. The deposits of
the eastern part of the province were developed by the Andronovo populations, in particular,
Ural-Mugodzhary mining and metallurgical center [Tkachev, 2011; Yuminov et al., 2013],
deposits of Central and Eastern Kazakhstan [Chernikov, 1960; Zhauymbaev, 1984; Margulan,
1973]. The Zarafshan tin deposits were used by the Srubnaya, Andronovo, and Tazabagyab
metallurgists [Avanesova, 2012].

Determining the degree of specialization of Bronze Age mining is an actual task for
paleometallurgists. Its solution is facilitated by the assessment of the spectrum of technological
operations presented at the mining and metallurgical complexes. In general, the list of
processes at the mines of the 2™ millennium BC in Northern Eurasia can be represented in
the following sequence:

1. Overburden works and ore mining (mattocks, mining picks made of copper, stone,
wedges made of bone.

2. Ore crushing (hammers, small hammers).

3. Enrichment and preparation of the ore for smelting (pestles, grinding stones).

4. Pre-roasting for sulphide ores in burn pits.

5. Ore smelting, ingots production (metallurgical furnace, slags, ingots).

6. Metalworking (blacksmith’s hammers, metal polisher, casting moulds for a series of
tools-sickles, knives, shafts).

The list of processes identified at a mine may indicate a mining model. The identification
of a set of tools and items with functionality associated with the entire spectrum of processes
indicates a far-reaching process of specialization. The achievement of ingots production and
the manufacture of serial items for trade and exchange operations are indicated a sufficiently
high level of specialization in mining.

The Kartamysh microdistrict mines demonstrate the presence of tools and evidence of
all stages of metal production: mining, ore-preparing, and metallurgy [Brovender, 2008:
198; Brovender, Zagorodnyaya, 2009]. The Mikhailo-Ovsyanka materials reflect a similar
situation [Gorashchuk, Kolev, 2004; Kolev, 2010]. Localization next to the ancient quarries of
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manufacturing and living buildings determines the type of Srubnaya miners’ specialization.
The Karagaly mines, in addition to the full range of the tool complex, also have evidence of
the serial production of tools (fragments of foundry molds with multiple negatives of tools)
for possible trade and exchange operations [Kargaly, 2004].

The Andronovo (Alakul, Kozhumberdy) mines of the Ural-Mugodzhar region, Kazakhstan,
and Uzbekistan are less studied. The overwhelming numbers of toolsets come from collections
from the modern surface of mines and are devoid of a stratigraphic context and accurate
cultural and chronological attribution. Most of these tools were used in mining and ore
crushing processes; evidence of the identification of other stages of metal production is limited
[Zhauymbaev, 1984: 52; Tkacheyv, 2011: 50, 52; Avanesova, 2012: 27, 29].

In this regard, the Southern Trans-Urals region is represented by significant metal-
producing assemblages of the Sintashta and Alakul Late Bronze Age cultures [Koryakova,
Epimakhov, 2007; Grigoriev, 2015] remains studied not enough. The cultural layer dating to
the second millennium BC is known here in three mines of the steppe zone of the modern
Chelyabinsk region: Vorovskaya Yama, Novonikolaevsky, and Novotemirsky [Zaykov et al.,
2005; Ankushev et al., 2018], but large-scale excavations were carried out only on the last
one [Ankusheva et al., 2021a, b]. In the course of these activities, a representative collection
of tools was found, the analysis of which makes it possible to raise the problem of defining a
model of mining activity. The research aim is to determine the chain of technological processes
taking place at the Novotemirsky mine. The tasks include determining the functionality of
tools, use-wear of traces on them, composition and source of raw materials. The identification
of technological operations contributes to the determination of the specialization level and
possible social actions in the mining industry in the Bronze Age of the Southern Trans-Urals.

Materials and Methods

The Novotemirsky mine is located in the Chesma district of the Chelyabinsk region (Russia,
South Urals) (Fig. 1). It was discovered as a geoarchaeological site in 2014. The deposit is confined
to the Kulikovsky ultrabasic massif, the primary copper ores are chalcopyrite and bornite.
Chrysocolla, malachite, azurite, less often delafossite, covellite, chalcocite, and native copper are
represented in the supergene zone [Blinov et al., 2018]. The mine is a system of mine workings
(shafts, hollows, and small pits) and adjacent waste rock dumps, the central object of which is
a quarry measuring 20x30 m 2.5 m in deep. Archaeological excavations were carried out at the
border of the quarry in 2017-2019, the investigated area was 400 m Sectror A (240 m?) covered
the space above the shaft No.1 located on the southeastern side of the central quarry, while Sector
B (160 m?) was located in the area with the dumps of the south-western boundary of the quarry
(Fig. 2). The site identifies three stages of the deposit development during the Bronze Age: the
Sintashta period (the 21 — 20" centuries BC), Alakul period (the 17" — 16™ centuries BC),
and the period of the Final Bronze Age (the 15" — 13" centuries BC) [Ankusheva et al., 2021a].

The inventory of the mine includes 58 tools made of stone and one tool made of the
long bone of cattle. The tools were found in different layers of the dumps, in the filling mine
workings, which may indicate their use throughout the entire life of the mine in the Late
Bronze Age. Some of these artifacts were precisely linked to the dated layers of the Alakul
culture: the shutters of the casting mould for the pick, tool and devices from the shaft filling
and the space next to it [Ankusheva et al., 2021a].
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Fig. 1. Location of the Novotemirsky copper mine
Puc. 1. MectoHaxoxaeHwe HoBOTeMUPCKOro MegHoro pyaHuKa

L] 5 o 15w
Tools categories:
11 - section 2018-2019 years 0 19 3)- dstum b -hemmer W - counterweight
e o T k- omall hammer @ - mould pick
“Sos. mnu;:n II' - flooded quarry = - shases 1 - bone 1oal

Fig. 2. The Novotemirsky copper mine. Plan. Excavation area 2018-2019
Puc. 2. HoBotemupckii MenHbivi pyaHuk. lnaH. Packonel 2018-2019 rr.
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The traseological analysis of stone tools was carried out in the archaeological laboratory
of the South Ural State Humanitarian Pedagogical University using an MBS-2 optical
microscope (oblique illumination, magnification up to 40 times, analyst Ivan V. Molchanov).
Photographing of micro traces on the artifact’s surface was carried out using an MC-2-Zoom
TD-2 stereomicroscope with a TOUPCAM 10M video ocular. Petrographic analysis of 6 thin
sections of tools (hammers, counterweights) was carried out on Olympus BX 51 microscope
(SUFRC MG UB RAS, analysts Maksim N. Ankushev, Larisa Ya. Kabanova). X-ray fluorescence
analysis of the mould surface was carried out on a portable device INNOV-X a 400, Soil mode,
exposure time 30 s (SU FRC MG UB RAS, analyst Maksim N. Ankushev). X-ray diffraction
analysis of the mould was carried out on a SHIMADZU XRD 6000 diffractometer, Cu
anode, graphite monochromator; the content was calculated by the Rietveld method in the
SIROQUANT V4 program (SU FRC MG UB RAS, analyst Pavel V. Khvorov).

Results

The sample from the excavations 2017-2019 amounted to 59 items. 22 of them are classified
as tools; the remaining 37 items are represented by stone fragments and boulders without
evidences of work or use. Morphological features made it possible to divide the tools into five
categories:

1. Percussion tools (n=14)

la. Hammers (n=6)

1b — Small hammers (n=8)

2. “Bases” (n=3)

3. Counterweights (n=3)

4. The casting mould of the pick (n=1)

5. Bone tool (n=1)

The characteristics of the tools are presented in table 1.

Tab. 1
Tools from the excavations of the Novotemirsky ancient mine (2017-2019)
Tabnuya 1
Opynus u3 packonok gpesHero pygHuka HoBoremupckmii (2017-2019)
Code Location / .
Ne of depth from :x:“::e:: Wek|ght, Size,cm Material Functionality o I::t(i);ns
tool | conditional 0 9 9 P
4E, 22.5*%15.5 .
1 5 hollow,—270 whole 3.6 112 sandstone | sledgehammer | percussion
2 6 6[,—195 whole 6 21*18.3 *14.5 sandstone sledgehammer percus.smn,
crushing
4E, 20.5*13.2 Percussion,
3 14 hollow,—346 fragment 2.1 75 sandstone | sledgehammer crushing
4 80 7B,—178 whole 8.2 27.5*18*14.5 | sandstone | sledgehammer percussion,
crushing
5 81 Dumps of the fragment 5 20%21.8*11 sandstone | sledgehammer percussion,
trench 1 crushing?
6 89 4E whole 35 27.4%11.5*11| sandstone |sledgehammer | percussion?
4E, * * i ?
7 7 hollow,—270 1 13*¥11.2*7.5 sandstone hammer percussion?
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Oxonuanue mabauypt 1

Code Location / .
Ne | of depth from :.Yah(::«.ee?\: W(:(lght, Size, cm Material Functionality o :::t?;ns
tool | conditional 0 9 9 P
4E, 11 ox .
8 10 hollow,—518 fragment 1 16.7%¥11.9*7.3 | sandstone hammer percussion
9 11 4E fragment 0.6 15%10%4 sandstone hammer percussion
10 | 56 4E fragment 0.6 10%11*8.7 sandstone hammer percussion
1 65 Dumps of the whole 0.5 13*8.1*5.5 sandstone hammer percussion?
trench 1
12| 73 Section B whole 1.9 17.5%12.4*10 | sandstone hammer percussion,
crushing
13| 79 3M,—233 whole 0.5 14.3*7*4.4 sandstone hammer percussion
14 | 101 Dumps of the whole 1.4 15.7%¥13.7%6.5 | sandstone hammer percussion
trench 1
15 17 6D,—196 fragment 1.9 15%13%8.5 sandstone base ?
*
16 | 69 Shaft 1 whole 4.1 21'120124'5 sandstone base ?
grinding
a soft
17 | 87 Dumps of the fragment 6.7 23.5%21*14.5| sandstone base mater!als,
trench 1 touching
up metal
artifacts
18| 67 4E whole 8.2 22.5%17 *15.5 rodingite counterweight | lifting rock
21.8*15.5 Lo . o
19| 70 5M fragment 35 112 rodingite counterweight | lifting rock
20 | 90 Shaft 1 whole 16 40*18*21.5 serpentinite | counterweight | lifting rock
micaceous- | o casting
whole, 22.9*11.3%6 epidote- L
222723 48—171 two parts 23.3%12*5.6 chlorite mould of the mining
. pick
metasomatite
22 | 27K 6[,—205 fragment 0.1 13%1.5-2 bone of cattle tool ?

Stone tools (Fig. 3-7).

1. Percussion tools (n=13).

la. Hammers (n=6) (Fig. 3-4). Large, massive tools, main function of them are percussion
(codes 5, 6, 14, 80, 81, 89). Almost all of them were found in the waste rock: three tools come
from filling heap of the boundary of quarry (object 7), two from heap planned around of the
mine (object 1), one of them was found on surface of heap of the geological trenches.

The tools are represented by whole forms, only one by a fragment. The weight of the whole
hammers is from 3.5 to 8.2 kg. Their measures are from 20 to 27.5 cm in length, from 11.5 to
21.8 cm in width, from 11.5 to 14 cm in thickness. The tools are subrectangular, elongated in
form, wedge-shaped or trapezoidal with flattened edges in section. In most cases the working
surface is located on the wedge-shaped end.

The wide grooves on the side edges are fixed on tools. It is a characteristic feature of this
type of tool. In four cases, depressions for the groove were made in the center of the side edges
(code 6, 80, 81, 89). In one case — in the upper part of the tool (code 5). The measures of the
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grooves are 4.5 to 8 cm in length, 4.5-6.5 cm in width, and 1-1.2 cm in depth. The design of the
grooves is perfunctory. In some cases natural grooves are decorated with rough chips, debitage.

Fig. 3. Percussion tools. Hammers:

1. Hammer (code 369H/5): 1 — chipping. 2. Reconstruction of percussion tool (369H/5) by
Sergey V. Kozhevnikov. 3. Hammer (code 369H/6): 1 — grinding, weakly observed linear traces,
2 — grinding, multidirectional linear traces. 4. Hammer (code 369H/81):

1 — grinding, close to polishing, multidirectional linear traces, 2 — grinding with thin linear marks,
3 — rolled edge of the hole, 4 — rolled edge of the hole
Puc. 3. YnapHsie opyamvs. MonoTsi:

1. Monor (wmgp 369H/5): 1 — ckanbiBaHme. 2. PEKOHCTPYKUMS yaapHoro opyamvs (369H/5),
BuirnonHeHa C. B. KoxesHukoBbiM. 3. Moot (wmgp (369H/6):

1 — npunngoBka, cnabo BblPaxXeHHbIe IMHEHbIE Ceabl, 2 — NpULLIM@POBKa,
pasHoHarnpasaeHHbIe IHeHble cneabl. 4. Monotok (wmngp 369H/81):

1 — npuLunmgoBka, b13Kkas K 3anonmpoBKe, Pa3sHOHANPaBAEHHbIE JIMHEHbIE CIEab],

2 — npuLLINGOBKA C TOHKUMU JIMHEVIHbIMI Cliefamiy, 3 — 3aBasbLiOBaHbIV Kpav SMKU,

4 — CKPYIMeHHbIV Kpawl SMK
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Fig. 4. Percussion tools. Hammer:
1 — Hammer (code 369H/89). Photo of tool. 1a — photo of groove surface with chipping traces,
x40, 2 — Hammer (code 369H/89). Drawing of tool: 1, 2 — grooves, smoothness surface,
3 — smoothed edge, 4 — chipping, 5 — chipping, grinded area, 6 — copper fractions;
3, 3a — Hammer (code 369H/80). Photo of tool; 4 — Drawing of hammer (code 369H/80):
1 — rare, shortly linear traces, 2 — smoothness, deformation of rock grain
Puc. 4. YaapHbie opyans. Mosnotsi:

1 — Moot (umgpp369H/89). dotorpagus. 1a — poTorpaguis ToBepXHOCTH BbIEMKI CO Cieqamm
ckosnos, x40; 2 — MonoT (umgp 369H/89). PucyHok: 1, 2 — BbleMKU, CIIIaxXeHHOCTb MOBEPXHOCTH,
3 — CrnaxeHHas rpaHb, 4 — ckaneiBaHwe, 5 — ckanblBaHue, NpuLLINGOBaHHbIN yHacToK,

6 — MenHsle ppakumu,; 3, 3a — MonoT (lwmgp 369H,/80). dotorpagpum; 4 — npopucoska MonoTa
(Lumepp 369H/80): 1 — penkue KopoTKme IMHENHbIE Creabl,

2 — CITIaXeHHOCTb, AepopmMaLms 3epeH nopossb!

1b. Small hammers (n=_8) (Fig. 5) elongated-sub-rectangular shape stones with a percussion
function (codes: 10, 11, 56, 101, 65, 73, 79, 7). Five of them were found within the limits of
the excavation: in waste rock and in the filling heap of the boundary of quarry (object 7). Two
collected from the surface of waste rock, which formed during the laying of geological trenches.
The weight of whole small hammers is from 0.5 to 1.5 kg. Their measures are from 13 to 17.5
cm in length, from 7 to 12.4 cm width, from 3.6 to 10 cm thickness.
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Fig. 5. Percussion tools. Small hammers, bone:
1 = Small hammer (code 369H,/7): 1 — gloss of surface, 2 — chipping of the plaque,
3 — multidirectional linear traces, 4 — smoothed grains with linear traces,
2 — Small hammer (code 369H/79): 1 — grinded area with short linear marks,
2 — grinded area with short linear marks: 3 — Small hammer (code 369H,/65):
1 — chipping wear area, 2 — ground area with linear marks; 4 — Small hammer (code 369H/73):
1 — clogging and short linear traces, 2 — grinded; 5 — Small hammer (code 369H / 101):
1 — flattening of the edge by chipping, 2 — clogging areas with deep, short linear traces,
3 — thin short traces,; 6 — Bone tool (code 369H / 27K): 1 — working with a metal blade,
2 — cutting, 3 — groups of thin linear traces, 4 — thin linear traces, 5 — drop of metal (?)
Puc. 5. YaapHbie opynus. Monotku, KOCTaHoe opyame:

1 — Monotok (lwmgp 369H/7): 1 — breck moBepxXHOCTH, 2 — CKaslbiBaHMe XenBaqyHOM KOPKU,
3 — pasHoHanpaBieHHble SIMHeHbIe crieabl, 4 — CriaxeHHble 3epHa MopoAb! C IMHEVIHbIMM
cnegamu; 2 — Mornotok (wwmgp 369H/79): 1 — cnabas npuiLnmigoBka C KOPOTKUMU JIVHEVIHEIMM
cnegamu, 2 — npuLLIMGOBaHHBIN y4aCTOK C KOPOTKMUMMU MHEHBIMM Cleaqamu,

3 — Monortok (Lmgp 369H/65): 1 — BIKPOLLIEHHBIN YHaCTOK, CKasbiBaHUs,

2 — NPULLIINGOBAHHBIV yHaCTOK C JMHeVHbIMY cnegamu, 4 — MonoTok (wwmgp 369H/73):

1 — HebosbLLuasi 3a6UTOCTb U KOPOTKME JIMHEVHbIE ClieAbl, 2 — MPULLNGOBKa, 5 — MoroTok
(Lumepp 369H/101): 1 — ynnoLueHve Kpasi CkabiBaHWEM, 2 — BbIKPOLLIEHHbIE y4acTKu
C r1y6OKMMU, KOPOTKAMM JIMHEVHBIMY Crlefamu, 3 — TOHKMEe KOPOTKME LiaparniHKu, 6 — KOCTIHOe
opyame (wmgpp 369H/27K): 1 — noapaboTtka MeTanIm4eckum ne3smem, 2 — peska, 3 — rpynnb
TOHKUX NIMHEVHbIX CNIefoB, 4 — TOHKWE NHeViHble Ciedbl, 5 — Bo3pevictaue kanm metanna (?)

The general outline of the tools has a sub-rectangular shape, but the parameters of the
products are not standardized. The tools have subrectangular, square and wedge-shaped
section. Some of the edges of the tools undefined, not specially flattened. Fragmented objects
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are transverse splits. They are represented by either the upper or lower part of the tool. Usually,
the working surface is located on the lower end of item. The shape of the working surface is
different — round, flattened, wedge.

Fig. 6. “Bases”:
1 — Drawing of “base” (code 369H,/69): | — concave plane, Il — convex plane;
1 — grinding around the chipped area, 2 — polished area with a group of thin linear traces,
3 — clogging areas with smoothed grains, 4 — rounded edge between the plane and the end;
2 — Photo of "base” (code 369H,/69), 2a — Photo of gloss surface with linear traces x40,
3 — Drawing of "base” (code 369H/87): 1 — deep, multidirectional and crossing linear traces,
2 — flattening of the surface by chipping, 3 — chipping along the edge
Puc. 6. «[logcraBkm»:
1 — lNpopucoska «nopctaBkm» (Lmgpp 369H/69): | — BorHyTasi nnockocTs, Il — Boinyknas
naockocTs, 1 — npuLLnngoBka BOKpPYr CKOIOTOM MAOLYAa[KM, 2 — 3aronmpoBaHHbIN y4acTok
C rpynnovi TOHKUX JIMHENHbIX CIEeA0B, 3 — BbIKPOLIEHHKIE YHaCTKU CO CrTIaXXeHHbIMY 3epHaMu
rnopoabl, 4 — cKpyrneHHas rpaHb MexAy MiaoCcKoCTbIo 1 Toprom, 2 — doTorpagus «nogcraBki»
(Lumepp 369H/69), 2a — DoTorpachuis 3anonMpPOBaHHOM MOBEPXHOCTY C IMHENHbIMI ClIeqamMy,
x40, 3 — MpopucoBka «noactasku» (Lmgp 369H/87): 1 — rybokme pasHOHanpaseHHbIe
1 NepeKPeLLMBaIOLLMECS JTIMHEVHbIE Crieabl, 2 — YIIoLeHne MoBepXHOCTY CKaslbIBAHNEM,
3 — ckasibiBaHWe no Kpaio

The working surface of hammers and small hammers was located on one of the ends, or on
one of the flatness side of the tool. Multidirectional, different sizes linear traces are marked on
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crumbled and a little clogged contact surfaces. The morphology and use-wear traces on whole
objects are correlated with medium-size hammers. Large tools have a wedge-shaped edge in
section, formed as a result of flattening of the planes adjacent to it, in addition to percussion
zones. Wear was represented by rare, thin traces distinguished on grains on the flattened
areas. The edge has no visible deformation. On the surface of several objects the areas with
the copper fractions are preserved.

2. “Bases™ (n=3) (Fig. 6) are objects with a flattened surface for some material processing.
Two of them are whole, one is fragmented. Localization of “bases” is associated with the
functioning of Object 1 (mine). The tool with the code 17 was found in the waste rocks near
the mine, with code 69 — in the filling of the mine, at the level -715, one meter from the
bottom, with code 87 — from the waste. The tools are close to sub-triangular in plane, sub-
rectangular in section. The working surface is flattened and located on wide surfaces of the
stone. The weight of the whole product ranges from 4.1 to 6.7 kg. Measures: 23.5x21x14.5 cm
(87), 27.2x14.5x10.2 cm (69).

Shiny plaque on the surface of “bases” is the problem for functional analysis and determine
the material processed on them. The objects have one or two smoothed, grinded working
surfaces, on which thin, multidirectional, different traces are recorded. Short, multidirectional
traces are recorded on the slightly crashed grains of the contact zones. An interesting artifact
seems to have a curved shape in the plane (code 69). Most of its convex surface is well
grinded and polished; the “top” is flattened by chipping. Close to “top” is a smoothed area
with a metallic sheen, slightly different from the shiny plaque of surface. On the flattened
area, deformation of the rock grains is noted, on which short, multidirectional scratches are
recorded. Groups of thin, parallel to each other, longitudinal and diagonal linear traces are
visible on a smoothed surface with a metallic sheen. They are located to elongated axis of the
stone. Probably, this item could be used to soft material processing; also it can be used as an
abrasive for metal objects.

All stone hammer tools and “bases” are made of sandstone, as well as a series of boulders
and fragments without traces of work. According to the petrographic analysis, the clastic
material is represented by quartz, rare grains of feldspar, rutile, and muscovite and makes up
80% of the sample. Quartz grains are rounded and corroded with cement in some areas. Opal
cement makes up 20% of the sample volume and is colored with iron oxides and hydroxides.
The mineral composition and textural features of the rock (content of quartz grains in the opal
cement), provides high hardness and strength of the tools. This makes it possible to successfully
reuse a heavy piece of sandstone as a hand-held beating tool [Kozhevnikov, Ankushev, 2018].
Minimal processing to give the tool shape and unexpressed traces of work indicate a quick
replacement of tools, their consumability. Numerous pieces of sandstone with no trace of work
are likely a byproduct of the hammer-making process right at the mine.

The sandstone can be safely considered specially brought to the mine. The Novotemirsky
deposit is confined to the Kulikovsky massif ultramafic rocks, composed of serpentinites
with blocks of dolerites and gabbroids. Sandstones are developed at some distance, on the
Sukhtelinskaya and Berezinskaya strata located to the north and east of the Novotemirsky

T For flat stones, which have surfaces with some kind of processing wear we are use the term “base”.
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deposit [Tevelev et al., 2018]. The field survey of the nearby area revealed a deluvial spread of
rounded sandstone boulders of small and medium-size (from 5*5 to 20*25 c¢cm), which were
found at the site of modern arable land 1.5 km east of the mine.

3. Counterweights (n=3) (Fig. 7) — represented by massive stones with grooves (codes 67,
70, 90). Two whole and one fragmented tools of this category were found.

The first large tool has measurement 40x18x21.5 cm and weight of 16 kg (code 90). It was
found at the bottom of the mine. The product was made of a large fragment of serpentinite,
practically without modification. It is trapezoidal, triangular in section. One of the edges is
concave, other are flattened. Two wide grooves are grinded on the side edges (8.2x3.6x1.2 cm;
7.8x4.9x2.1 cm). The grooves are chipped and with debitage modified, there are abrasion
traces visible. The second whole stone (code 67) was found in a waste of mine (Object 7).
It is presented in a more compact version and has cubic shape measure is 22.5x17x15.5 cm
and weigh 8.2 kg. 4 grooves are sharpened on each side edge. A fragment of the third item
was found in waste at the bottom of a quarry (code 70). A wide groove for the fastening was
marked on one of the surfaces of it.

Fig. 7 Counterweights:

1 — Counterweight (code 369H/67), 1 — drawing, 1a — photo, 1b — photo of groove surface x40:
1 — grooves, smoothed surface; 2 — Counterweight (code 369H/90): | — trapezoidal section,
Il — triangular section, 1 — smoothed surface with linear traces from the strapping, 2 — chipped
plane, 3 — chipping of the end surface; 2a — photo of groove surface x40
Puc. 7. lNpotmBoBechi:

1 — lpotmsosec (lwmgpp 369H/67), 1 — pucyHok, 1a — gotorpagums, 16 — ¢ororpagpus
roBepxHOCTH BbleMku, x40, 1 — Bblemka, CriiaxxeHHas MoBepxHocCTb, 2 — [1poTrBoBec
(wmgp 369H/90): | — TpaneumeBy[Hoe cedeHume, || — TpeyronbHoe ceverue; 1 — CrnaxeHHas
MOBEPXHOCTb C IMHEMHBIMY C/lefaMu OT 00BsI3KM, 2 — CKOIOTast MA0CKOCTb, 3 — CKaslbiBaHue
MOBEPXHOCTM Topua, 2a — (oTorpapus NoBePXHOCT BbleMkU, x40
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The grooves located on all or several elongated lateral edges in line are characteristic
feature of this type of objects. It used for fixing with a belt or rope. Only one fragment of
the counterweight has a depression in plane, which slightly overhang the edges (code 70).
A same depression of one of the planes is marked on other massive counterweight. It is wide,
transverse, slightly deepen curved strip, which connecting two opposite grooves to each other.
It is formed by knapping of the white plaque (code 90). On the surface of the grooves, traces of
abrasion are visible. It is poorly distinguishable, rare traces, which are transverse to the edges.
On the border of the abrasion area and natural surface are observed smoothed grains with
multidirectional scratches on it. These traces could be formed after contact of the stone with
transverse strapping rope, probably made of plant material. Perhaps, this mount had a slight
backlash, which sometimes allowed the stone to vertically move in a horizontal axis.

Local rocks were used for manufacture of counterweights: codes 67, 70 — rodingite, code
90 — serpentinite. These rocks do not have sufficient hardness and strength. It is not very
suitable for performing basic labor operations (percussion, abrasive). The general signs of
counterweights are absence of traces of work, the presence of special grooves and heavy weight.

Fig. 8. Mould, drawing (codes 369H/22-23):
1 — Matrix: 1 — grinding, 2 — debitage, 4 — grinding surface of negative, 2 — cover:
1 —grinding, 2 — debitage, 3 — areas with a metallic gloss
Puc. 8. PucyHok nuteviHon ¢popmbi (Lumgp 369H/22-23):
1 — Martpuya: 1 — wnngposBaHue, 2 — NUKeTax, 4 — NpULLINGOBKa MOBEPXHOCTY Heratnaa,
2 — Kpbllwka: 1 — wangosaHve, 2 — MUKeTax, 3 — y4acTky C META/LINYECKM Gr1eckom
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4. A bivalve casting mould (code 22-23) (Fig. 8-9) for casting a mining tool was found in
3 meters south-east of the mine in the waste rock field. The mould consists of two parts: a
matrix and a cover. The matrix has a rectangular shape, measure is 22.9x11.3x6 cm and at the
location of the negative of the fixing part of the tool are expands. A T-shaped negative of the
pick is cut out on the matrix. It consisted of a spearhead (measure is 15.5x2-4x2 cm) and a
plate for forming an open sleeve (measure 11.3x5x1-2 cm). Along the edges of the negative
are distinguished traces of high-temperature exposure, which are presented by black calcined
edging penetrating to a depth of 0.3-0.5 cm. The measure of the cover is 23.3x12x5.6 cm. Small
fragment was chipped in ancient from one of the corners was found near mould. Close to the
negative were visible wear traces, which were presented by black outline of blank of tool with
reddish calcined filling. The width of outline is -0.5-1 cm.

Fig. 9 Mould, photo (codes 369H/22-23):
1 — Set of matrix and cover, 2 — view from the end of the mold,
3 — view from the opposite end, 4 — view from the side
Puc. 9. @otorpagus nuteriHow opmsil (Lumgp 369H/22-23):
1 — Habop NUTENHOVI hOPMbI 13 KPbILLKIA 1 MATPULIbI; 2 — BiAZ C OAHOIO TopLia,
3 — BU/ C NPOTUBOMNOIOXHOrO TopLa, 4 — B cOoKy
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Tab. 2
Evidence of copper and tin on the casting mould surface (code 22-23) from the
Novotemirsky mine according to X-ray fluorescence analysis
Tabnuua 2
Cremsl Megu 1 0O7I0BA HA MOBEPXHOCTH TNTeIHOM popmbl (ko 22-23)
¢ HoBoTeMupckoro pygHmnka 1o JaHHbIM peHTIeHO(II00PEeCIIeHTHOTO aHa/Iu3a

Concentration, ppm
Part of the mould
Cu Sn
cover, an inner surface 5505 1165
cover, an outer surface 545 -
matrix, an inner surface 3624 387
matrix, an outer surface 1650 -

Note: dash — below the detection limit.

On the outer surfaces of both pieces wear grinding, presented by small- and medium-
grained abrasives areas with characteristic for this operation traces was preserved. After that,
all surfaces, except flat plane of matrix and the cover, were processed by debitage. This is
evidenced by rather large, rounded, in places overlapping each other potholes, which cover
almost all the outer surfaces of the mould. On the longitudinal edges of the cover, areas with
metallic gloss are noted, a similar gloss is noted on the rounded end of the matrix. The surface
of the matrix is well smoothed; traces of grinding with a small-grained abrasive are noted on
it. The inner surface of the upper part of matrix is chipped, probably as a result of casting.

The results of X-ray fluorescence analysis of the casting mould surfaces indicate the bronze
composition of the metal (copper + tin) from which the pick was cast; it is noteworthy that
evidences of tin were recorded only on the inner (working) surface of the mould parts (Table 2).

According to X-ray diffraction analysis, the casting mould was made of mica-epidote-
chlorite metasomatite (Table 3). This rock has not been found in the mine and the surrounding
area, which makes it possible to attribute the casting mould to the brought artifacts.

Tab. 3
Mineral composition of the casting mould of a pick found at the Novotemirsky mine
Tabnuya 3
MuHepanbpHBIi COCTAB TUTEITHOI POPMBI KUPKU, HalI{eHHOII
Ha HoBoTeMHnpckoM pygHUKe
Code of Mineral composition (approx. weight %)
analysis Chlorite Epidote Mica Plagioclase Talc Amphibole
LF-1 38 27 26 9 trace trace

5. The bone tool (Fig. 5.-6) is a fragmented item made from the diaphysis of the tibia of cattle
(code 27K). It was found in the humus layer under the waste rock of the Alakul time. The tool
is badly preserved, 13 cm in length, 1.5 to 2 cm in width. The safety of the tool fragment does
not allow us to clearly defined function of it.
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The same gloss as on stone objects is noted on the surface of this bone. The surface of the
epiphysis is worked. Several areas are marked on it with wide lines, reminiscent of outlines.
Directly (1) on the end, they are located at the edges opposite each other. On a small chip
(4) adjacent to the end (epiphysis), a porous bone structure is noted. On its surface, thin,
parallel to each other traces are fixed. They are located transversely to the elongated axis
of the object. On the curved metaphysis (2), there are traces of cutting with a metal blade,
probably by warmed bone. Traces formed small ledges placed in a cascade. Linear traces are
not distinguished here. The outer edges of this section of the cut are straight. Closer to the
broken end of the fragment (3), on the outer surface of the bone, two diagonal elongated axes
of the object depressions are visible. One of them is deep, triangular in shape. Probably, it is
result of direct percussion by metal object. Another observed as shallow, wide, curving trace.
Inside of them parallel to each other traces are fixed, which repeating the outer contour of the
depressions. Groups of thin, different-sized, transverse traces can be seen close to outside of
them. A small, round brown drop is noted in a small depression on the inner surface of bone.
Probably, it can be a drop of metal (5).

Thus, the distinguished evidence of wear allows classifying this fragment of bone as a tool.
Tools made of animal bones are widely presented in the materials of the miners settlements:
Kargaly [Kargaly, 2004], Michailo-Ovsyanka [Goraschuk, Kolev, 2004], Kartamysh ore
occurrence [Brovender, Zagorodnyaya, 2009], but there are not enough data to relate this
bone from Novotemirsky mine with a specific tool’s type.

Discussion

According to results of the study of the tool complex of the Novotemirsky mine, we can
noted that only two types of technical processes of the mining and metallurgical production
are presented here: mining (casting mould for a bronze pick, counterweights) and crushing
ore (hammers). There are no tools of the enrichment process (pestles, ore grinders) and
metalworking (blacksmith hammers), as well as evidence of the serial production of tools in
the artifact complex of the site, found during the excavations in 2017-2019.

Mining processes. This kind of work is represented by a bronze mining pick (pickaxe) cast
in a bivalve casting mould. Finding a forged bushing pick mould with traces of use near the
mine may indicate the production of these tools (picks) right at the mine.

There are few analogies of of this kind of tools from the surface collection of the Middle
and Southern Trans-Urals sites [Avanesova, 2012], the Volga region [Tikhonov, 1960: 13], in
old collections at Kargaly [Kargaly, 2004: 77; Kargaly, 2007: 101, Fig. 7.-2]. Nona Avanesova
defines a similar category of tools as wedge-shaped socket chisels. The author notes that they
could have been used for mining operations [Avanesova, 1991: 35].

Analogies of the pick from the Sintashta and Petrovka fortified settlements of the Southern
Trans-Urals have a more reliable stratigraphic context. A tin-arsenic bronze tool (15 cm long)
was found in the cultural layers of the Ustye I [Drevnee Ustye, 2013: 444, Fig. 15, 18.-1] and
Kamenny Ambar settlements [Molchanov, Molchanova, in print].

At the same time, casting moulds for same tools in a fairly large series are presented in the
materials of the Gorny I settlement at the Kargaly deposit [Kargaly, 2004: 134]. It is necessary
to note the morphological difference between the Novotemirsky negative of the pick and the
chlorite metasomatite form itself and sandstone forms from the Gorny I. The negative of the
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Novotemirsky pick is strictly T-shaped, whereas the Gorny I pick negatives is wedge-shaped.
Perhaps this difference is due to cultural and chronological specifics. The Novotemirsky casting
mould is confined to the Alakul layers (the 17 — 16™ centuries BC), whereas Gorny moulds
are mostly associated with the B-3 subphase, with the end of the Bronze Age (the 15" — 13
centuries BC) [Kargaly, 2004: 134].

Aucxiliaries for mining operations include heavy (16 kg and 8.2 kg) counterweights with
grooves for tying. Analogies of similar items are also known in Kargaly [Kargaly, 2004: 179,
Fig. 6.-17].

According to ethnographic evidence, the lifting of ore from vertical shaft could be carried
out simply: in baskets, on ropes or slings [Agricola, 1962: 212]. However, the finding of
counterweights suggests the presence of a more complex lifting mechanism. The rectangular
shape of the Novotemirsky shaft 1 [Ankusheva et al., 2021a: 32-33, Fig. 2, 3] makes it possible
and convenient to erect scaffolding inside it and a support site in the adjacent territory.

The manufacture of mining tools at the mine, as well as the possible use of complex lifting
mechanisms in vertical workings, indicates a pronounced specialization of mining processes
in the Bronze Age of the Southern Trans-Urals.

Ore crushing. These processes include the main set of the tool complex (sledgehammers and
hammers). Numerous fragments of sandstone indicate that there were many such tools and,
possibly, they were used throughout the Late Bronze Age. Typologically Novotemirsky hammer
tools are distinguished by several characteristic features: wide grooves on the side edges of the
tools, heavyweight, strong hard rock, and percussion marks on the working surface.

Reconstruction of the stone tools attached to the handle is a significant problem since the
grooves suggest a handle method of attachment. An additional groove on the upper platform,
difference on Kargaly hammers [Kargaly, 2004: 162, Fig. 6, 5.-1] is on the Novotemirsky tools.
Nevertheless, special flattening chips on the upper platform were made on sledgehammers,
probably for a better fit of the handle. According to ethnographic parallels, hammer handles
are made of twigs, wood, ropes, and leather belts [Craddock et al., 2003: 57, Fig. 4.-6]. A
possible reconstruction of a hafted stone mining hammer from the Novotemirsky mine is
shown in the figure (Fig. 3.-2).

Ore crushing hammers are known at all Eurasian metallurgical province mines: at the
Kartamysh ore occurrence [Brovender, 2008: 196, Fig. 8; Brovender, Zagorodnyaya, 2009:
254], at the Mikhailo-Ovsyanka mine [Gorashchuk, Kolev, 2004: 95, Fig. 1-4], at the Kargaly
complex [Kargaly, 2004: 158-161], at the Ural-Mugodzhary [Tkachev, 2011: 50, Fig. 4, 6],
Central and East Kazakhstan [Margulan, 2001; Chernikov, 1960], and Zarafshan mining and
metallurgical centers [Avanesova, 2012: 27, Fig. 13, 16]. At the same time, this tools category
is represented unevenly on household sites. These tools are spread on settlements located
near mines. In particular, hammers were found in the settlements of the Ural-Mugodzhary
mining and metallurgical center [Fomichev, 2015] and Central Kazakhstan: Zhezkazgan, Atasu
I, Taldysai [Kuznetsova, Teplovodskaya, 1994: 57, Fig. 21, 23]. But such heavy ore-crushing
tools are absent on the Sintashta and Alakul settlements in the Southern Trans-Urals. On the
fortified settlement of Ustye I hammers are not founded [Drevnee Ustye, 2013: 288-289]; they
have also not been found in the Alakul unfortified settlements [Zdanovich and Korobkova,
1988; Alaeva, 2015: Tab. 27].
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The organization of mining at different stages of the Late Bronze Age in the Southern
Trans-Urals could have a significant difference: the Sintashta fortified settlements with
bright evidence of metal production (furnaces, slags, ingots, mining tools) in every house
demonstrate the employment of their entire population in these processes. Mining tools and
massive ore crushing hammers are absent in the unfortified settlements of the Alakul culture.
At the same time, these categories of tools are represented at the mine which suggests a different
model of labor organization — the presence of a specialized group of miners who perform
work only at the mine.

We assume the existence of various models for organizing mining and metallurgical
production at mines in Northern Eurasia in the Bronze Age:

— export, all-season, specialized model;

— pastoral, seasonal, non-specialized model;

— seasonal, partly specialized model.

Evgeny N. Chernykh defines the form of organization of Kargaly mining production as an

“export model” that combines all production cycles: from mining, crushing and enrichment,
ore smelting to the production of ingots and casting serial tools for trade and exchange
operations. The export model assumes the existence of a specialized group of miners and
metallurgists employed only in this production [Kargaly, 2007: 120].

Following to the materials of the Ural-Mugodzhary mining and metallurgical center
Vitaly V. Tkachev reconstructs the pastoral model of metal production, which combines
distant-pasture cattle breeding and ore mining during the warm season. Non-specialized
groups of pastoralists are seasonally involved in mining as well [Tkachev, 2020]. A similar
model associated with summer work at the mine and combination with a seasonal livestock
system was proposed for the Mikhailo-Ovsyanka mine in the Volga region [Shishlina et al.,
2020: 22].

It is still difficult for us to agree with the non-specialized model of mining in the Srubnaya
and Alakul culture. This model is contradicted both by the difficulty of combining mining with
cattle grazing and by evidence of specialization: the absence of mining tools in settlements
and the availability of such tools only in mines, the existence of mining settlements near
copper deposits (Mikhailo-Ovsyanka mine, Ural-Mugodzhary mines). In addition, to date,
the exploration degree of the mines (fragmented data, insignificant excavation areas) do not
allow to unambiguously interpreting the results of the herd composition analysis based on
the bones of livestock at the mines.

The main stumbling block in attribution of a specialized or non-specialized model is the
herd composition from mines. At the Kargalinsky mine, the herd composition is non-standard
for settlements (up to 80% of cattle with a small proportion of small cattle and horses) [Kargaly,
2004: 187, 222]. At the Mikhaylo-Ovsyanka and Ural-Mugodzhar mines, the composition of
the herd is identical to that of the settlement. However, the similarity of the parameters of
the herd composition at mines and at household monuments can only indicate the use of the
food base of settlements [Ankusheva et al., 2021b], and not the practice of developing mines
by pastoralists combining these types of activities.

Most likely, we can talk about partial specialization, which consists of the formation of
temporary collectives of miners who are seasonally involved in mining operations.
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Boris Tikhonov argues in favor of working in mines during the cool season (spring,
autumn and even winter). At this time, the population is freed from the economic affairs of
the summer season. As evidence, the author points to the finds of winter clothes (fur coats,
fur mittens) in old workings Gumeshevskie mines [Tikhonov, 1960: 14]. The slaughter
season of the cattle on the Novotemirsky mine does not contradict the possible exploitation
of deposits in the cold time of year, although the investigated sample of teeth (n=2) is
too small to draw firm conclusions [Ankusheva et al., 2021b]. The presence of deepened
buildings and thick deposits of the cultural layer at another Alakul mine (Vorovskaya Yama)
also testifies in favor of mining in the cold season [Zaykov et al., 2005; the results of the
author’s field research in 2021].

The model of seasonal work in the cool (spring, autumn) and even cold (winter) seasons
with partially specialized groups of metallurgical miners is in good agreement with the settled
model of cattle breeding reconstructed for the population of the Bronze Age of the Southern
Trans-Urals stall keeping livestock in the cold season [Rassadnikov, 2017].

Thus, the seasonal model of partially specialized mining could function at the Novotemirsky
mine, as indicated by the set of tools, reconstruction of production stages, as well as the
absence of buildings and a small number of artifacts and other evidence of human activity in
the cultural layer of the site.

Conclusion

The complex of artifact’s analysis from the Novotemirsky mine excavations made it possible
to distinguish three groups of tools, depending on their functionality: mining (casting mould
of a bronze pick), ore crushing (sledgehammers and hammers), auxiliary devices (“bases”,
counterweights for lifting ore).

The absence of enrichment (pestles, grinding stones) and metal-working (blacksmith
hammers) tools in the Novotemirsky mine indicates a narrow range of technical operations,
associated only with the direct extraction of copper ore and primary enrichment (crushing
of large blocks).

The incomplete chain of operations at the Novotemirsky mine may be related to the
peculiarities of this deposit. The laboriousness of mining due to the need to crush solid ore-
hosting rocks, the poverty of copper deposits made it unprofitable to organize a specialized
village of miners at this deposit.
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