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Abstract

Purpose is to identify process engineering of mining under the Late Bronze age (18"-13" centuries BCE) in the context of
copper deposits in the Eastern Ukraine. Among other things, it concerns analysis of manufacturing artifacts (i.e. ore produc-
tion and preparation) in Kartamysh archeological area within the copper-ore territory of Bakhmut basin of Donbas.

Methods. Following methods have been applied: a comparative historical method supported by typological archaeological
approach; statistical procedures; engineering and geological methods to determine extraction volumes and evaluate copper
ore extraction from the mines in Kartamysh archaeological area as well as structural and technologic analysis; functional
and typological analysis; traceological analysis; experimental modelling; and carbon dating.

Findings. Analysis of the specialized mining artifacts in Kartamysh archaeological area as well as mining artifacts within
other copper-ore deposits in Bakhmut basin, extracted actively under the Late Bronze age, has made it possible to consider
newly a number of important issues connected with process engineering of mining, specialization and labour division of
ancient miners as well as evaluate significance of Donbas copper mines for the system of metal production development in
the Eastern Europe of the second millennium BCE.

Originality. Analysis of Kartamysh archaeological area, where the majority of business performance objects are connected
with mining, has helped the authors consider specialization of the industrial systems (i.e. different-purpose mine workings,
various mining tools, and areas to prepare ore) right from the viewpoint of the production method. Since similar situation is
typical for other Donets complex artifacts, being involved in scientific terminology as the mining and smelting one, it would
be more reasonable to represent it as Donets ore mining system owing to its specialization in the integrated copper ore
extraction and preparation.

Practical implications. The research results develop the history of mining science and engineering inclusive of ancient
mining history in the Eastern Ukraine. They may be applied to train mining experts and in the process of creation of muse-
um exhibitions (looking ahead, creation of Kartamysh skansen) while synthesizing technical and humanitarian aspects of
engineering activities.
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1. Introduction

Traditionally, the heighten interest of mining experts in the
mining art origins and in cultural heritage of past eras is native
to mining science and practice [1]-[7]. In Ukraine, the interest
is intensified by the fact that within our territory, minerals
have been extracted and processed since high antiquity.
Unique surviving artifacts of mining and smelting activities,
being of great scientific and cultural value, support the
idea [8], [9]. For a long time, numerous studies of the mining
and smelting activities of early metal period of the Eastern
European steppe and forest steppe were focused on the analy-
sis of metal-working manufacturing (5"-2"¢ millenniums
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BCE). First of all, it concerned typology of metal goods [10]-
[13] and their production techniques [14]. The earliest mining
and smelting artifacts (in many cases, they were parts of the
unified system) were beyond heart and soul of research topics
still remaining understudied by archeology. Issues of industrial
engineering and ancient mining and smelting techniques dur-
ing the paleometallic era continue to be areas of concern. Nei-
ther analysis nor importance of one of rare copper ore Eastern
European territories being Bakhmut basin in Donbas, bearing
authentic evidence to the ancient mining art of the Late Bronze
Age (i.e. 18M-13" centuries BCE) has found out its proper
place in the history of early facilities and educational material.
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As for the world scientific sources, territory of the mod-
ern left-bank Ukraine looks practically like a “gap” in the
map of ancient mining artifacts [15] despite the availability
of representative base of sources of mining and smelting
artifacts accumulated during last decades. It depends heavily
upon the lack of adequate international communication as
well as scarce opportunities preventing Ukraine from influ-
encing the global information processes (inclusive of the
opportunity to make it through scientific papers in authorita-
tive international publications). The paper, generalizing ar-
chaeological and engineering achievements of Kartamysh
archaeological area studies (Popasnha District of Luhansk
Region) in addition to more than ten open seasons by the
authors, is a step to turn thing around.

Field seasons of last decades (with the exclusion of occu-
pation period of certain parts of Luhansk and Donetsk Re-
gions) within the Dnipro-Don territory have helped found out
numerous and expressive manufacturing units making it pos-
sible to reconstruct development of metal production inclu-
sive of mining art by human population during Eneolithic-
Bronze age within the Eastern European steppe and forest
steppe area (5M-2" millenniums BCE). Studies of mining by
Timber-Grave Culture community (18/17"-13" centuries
BCE) turned out to be particularly effective in light of exca-
vation of production activity artifacts within Bakhmut basin
copper-ore occurrence in Donbas. The initial period of small-
area excavations within certain ore occurrences performed by
S.1. Tatarinov in the last quarter of the 20" century [16] gave
information on the early not numerous mining and smelting
sources of the Late Bronze age. A stage of systematic inte-
grated studies of Kartamysh archaeological area studies
(Popasna District of Luhansk Region) started at the outset of
the 21% century [8]. The stage turned out to be a watershed in
the studies of mining, melting, and metalwork processes dur-
ing the Late Bronze age within the Siverskyi Donets River
basin as well as within the whole Dnipro-Don region.

2. Methods

Studies of Kartamysh system of mining and smelting ar-
tifacts involved the integrated approach based on the syn-
thesis of archeological, strictly scientific, and engineering
research methods.

Large-scale field analysis of ancient production activities
within Kartamysh ore occurrence in Ukrainian Donbas were
carried out from 2001 till 2010 by research groups of Donbas
State Technical University and NASU Institute of Archaeo-
logy under supervision of Yu.M. Brovender. The archeologi-
cal excavations were implemented step by step involving three
underground stopes of Chervone Ozero-1V mine; three open
pits of Chervone Ozero-l, Chervone Ozero-Il, and Chervone
Ozero-I1l mines; technogenic (preparation) site of Chervone
Ozero-1 mine; and two settlements of ancient miners Chervone
Ozero-1 and Chervone Ozero-111. The excavated ancient mine
workings, other archaeological objects, and the obtained mate-
rial created conditions for their scientific understanding.

Approaches of geological research were applied to deter-
mine extraction volumes and evaluate copper ore extraction
from the mines in Kartamysh archaeological area [17]. The
abovementioned took into consideration waste dump volume
from the ancient level; the mined-out area within underground
workings and surface workings; shape and conditions of the
ore body occurrence; and copper content in ore.
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The applied traceological analysis, being a study of wear
traces (i.e. microwear of tool surfaces), has made it possible
to identify their functional use [18]-[20]. In this context such
optical facilities as microscopes and digital cameras were
applied. The conclusions, drawn by tracers, were verified by
means of the results of experimental modelling (among other
things, ore preparation cycle). Experiments to analyze pro-
cesses of dry concentration and wet concentration, participat-
ed by the authors, have been carried out [20], [21].

Formal and typological analysis has helped normalize
and systemize the archaeological material as well as single
out groups of typologically close production facilities and
goods [21], [22]. Relying upon typologically close characte-
ristics of the studied objects and articles and taking into con-
sideration traceological data of the artifacts, functional and
typological analysis has made it possible to identify features
characterizing production specialization of the tools and,
hence, an object within which the tools were found out.

Structural and technological analysis turned out to be im-
portant approach to study Kartamysh system. Its idea is iden-
tification of the area structure (i.e. specialization of the arti-
facts being components of the industrial area) as well as
performance features of each of them [21].

Taking into consideration data of statistical processing of
mining tools and other evidences of a smelting cycle of the
industrial activities, structural and technological analysis has
made it possible to identify product specialization of Karta-
mysh artifacts, their interconnection, and, finally, understand
Kartamysh area of production artifacts as a system function-
ing within the single populated territory.

To date period, during which the mines were operated, ra-
diocarbon analysis has been applied for bone tools of miners.
The analysis was carried out by Kyiv radiocarbon laboratory
of the Institute of Environmental Geochemistry of the Na-
tional Academy of Sciences of Ukraine and Ministry for
Emergency Situations of Ukraine (assayer N.N. Kovaliukh).

Use of the structural and technological analysis to compare
Kartamysh with similar in time and culture mining and smelt-
ing systems within the Eastern-European territory has helped
determine their common features as well as their differences.

3. Results and discussion

Analysis of the sources, representing metal production of
the Early Metal Age (namely, mining, smelting, and metal
working), of both ore-bearing territory of Bakhmut basin and
the whole Dnipro-Don river valley makes it possible to
achieve qualitatively new level of studying the problem of
Donets mining and smelting point (DMSP) which successful
solving is determined by means of a complex approach with
the use of the current toolkit of natural-science and engineer-
ing research methods.

The sources of mining analysis during the Early Metal
Age in the context of Kartamysh ore occurrence in Donbas
like in the context of other Eurasian ore occurrences, mined
in ancient times, differ in their nature. In total, they are di-
vided into the two groups:

1) sources connected with a natural habitat of ancient
nations;

2) archaeological sources connected directly with mining.

Having boundaries of their information potential, the
source groups complement each other significantly.
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Group one of the sources discloses features of mining
origination and development within Bakhmut basin of Don-
bas during the Bronze Age relying upon geological condi-
tions of the area. Being associated with the northern wing of
Kartamysh syncline (i.e. the eastmost component of Bakhmut
basin in the north-west end of Donets Ridge), Kartamysh ore
occurrence is one of the largest and rich in low-melting de-
posit at the territory of the continuous synclinal structure.
Archaeologically, its terrain is the most studied one.

Copper ore was extracted and prepared during the Bronze
Age. The ore was developed from Kartamysh Plkrt (Q)
formation deposits of Lower Permian age characterized by
the availability of cupriferous sandstone. The formation
thickness is 500-900 m. It involves 6 “grey zones” being
small (6-12 m) formations of grey or grey-green sandy and
clay rocks standing out at a common red-brown background.
Cupriferous mineralization is available within the “grey
zones”. Geologists suppose that Kartamysh mineralized
target is the only one among all ore occurrences in Bakhmut
basin having continuous mineralization within large
areas [23]. Four ore levels with up to 0.8 m thickness and up
to several km length have been prospected inside it. The
levels are represented by lenticular bodies of solid and im-
pregnated ore. Mineral composition of the ore is as follows:
chalcosine Cu;S; bornite CusFeSs and chalcopyrite CuFeS;
occur rarely. Malachite Cu Cu (OH). [CO3] and azurite Cu;
Cu (OH), are well-developed within the oxidized zone [24].
Having up to 3 km outcrop, Kartamysh ore occurrence is
characterized by the highest copper content: up to 3% of it is
in ore bodies; and up to 60% is in solid ore. Numerous times,
geologists mentioned its particular importance [23], [25].

Group two of the mining sources is represented by ar-
chaeological materials uniting evidence corresponding to
extraction and ore preparation type of industrial activities. In
terms of Kartamysh ore occurrence, extraction cycle involves
mine workings and mining tools described in detail below.

3.1. Mine workings of Kartamysh ore occurrence

Four mines of Kartamysh ore occurrence are located
along the upper share of cupriferous sandstone stretching
west-to-east for almost 1 km (Fig. 1). Chervone Ozero-I is
the last mine in the western part (2 km east from the village
of Novozvanivka Popasha District Luhansk Region; Cher-
vone Ozero-11 is the last mine in the eastern part.
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Figure 1. Surface plan of artifact location within Kartamysh arche-
ological area: Ch — 1, 3 — settlements; ChO — mine wor-
kings; TS — technogenic site of Chervone Ozero-1 mine

Copper ore within Kartamysh just like within other ore
occurrences of Bakhmut basin, developed in the ancient
times, has been extracted by means of two methods, i.e.
using surface mining and underground one.
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Researchers (especially geologists) explain different
techniques of ore extraction depending upon the nature of an
ore body occurrence. So, open pit mining is expedient to be
applied for flat seams. In turn, underground mining is appli-
cable for steep seams. Location of surface and underground
mine workings within rather limited area (as it is observed in
terms of Kartamysh ore occurrence) is not exclusive of geo-
logist viewpoint. The geological cross sections, observed
along outcrops of a ravine scouring the copper-ore kettleback
as well as along walls of the excavated mine workings,
demonstrate steep occurrence nature of the metalliferous
seams. According to the data of geologists, Novozvanivsky
thrust, located east of Kartamysh mineralization, affected the
initial occurrence nature of ore-hosting rocks, varied its mor-
phology, and resulted in the folded displacement as well as in
faults [24]. Moreover, to some extent the availability of dif-
ferent ore mining procedures may involve efforts of ancient
miners to make surface ore extraction less expensive but
more complicated and dangerous, i.e. replace it with under-
ground mining. However, the problem can be solved only
after the analysis of the mine workings.

Marks of mine workings at the territory of copper ore oc-
currences of Bakhmut basin (which especially concerns the
Late Bronze artifacts of Kartamysh area) are the marks of
large scale ancient mining. Kartamysh relic open pits are
particularly notable. They impress by their reasoning and
expediency in the ore mining procedure selecting while
speaking for excellence of ancient miners.

Open pit of Chervone Ozero-1 mine is of elliptical shape.
Its geometry is 100x70 m (Fig. 2). Thickness of the mined
rocks is more than 6 m [22]. It has not been possible to de-
termine occurrence level of the lithified Lower Permian
deposits in its bottom share due to considerable hydraulic
argillaceous depositions.

Figure 2. Open pit of Chervone Ozero-I mine

By estimation, based upon the results of complex
geotechnological and archaeological studies, volume of the
extracted rock mass in the open pit of Chervone Ozero-I
mine is almost 6600 m?; volume of the extracted high-grade
ore is almost 400 m3 [17].

Double open pit of Chervone Ozero-Il mine, stretching
west-to-east along a sand ridge edge, is the most extensive
(Fig. 1). Geometry of its eastern pit is 138x12 m; its depth
achieves 12 meters if depositions are involved. Geometry of
its western pit is 62x18 m; its depth is down to 10 meters.
Almost 3 meter width pillar (bulkhead) is established be-
tween the workings. Availability of the pillar may speak for
ore body thinning there as well as for convenient arrange-
ment of ore transportation through the open pit.
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In terms of the open pit of Chervone Ozero-1l mine,
volume of the extracted rock was more than 20000 m; and
volume of high-grade ore was more than 370 m? [17].

The third open mine working of Chervone Ozero-I11 mine
is of the oval shape oriented north-easterly. Its geometry is
85x19 m in terms of 6 meter depth (Fig. 1). Volume of the
extracted rock mass was more than 3000 m?; and volume of
the mined high-grade ore was almost 46 m® [17].

Underground mine workings of Chervone Ozero-1V
mine, including 5 objects, were located in the ore-bearing
sandy crest. At the surface, they were registered in terms of
cone-shaped depressions with 2 to 8 diameter and down to
2 m depth (Fig. 3).

Figure 3. Chervone Ozero-1V mine. Marks of underground-type
mine working (1) and waste dump (2)

Compactness of their location (Fig. 1) supports the idea
that the extraction was performed by means of small mine
workings in the form of mine shafts [26] interconnected with
the help of horizontal roadways (mine workings 1 and 2).
The majority of researchers from different ore regions men-
tion that density of the underground mine workings can be
explained by prospecting and operational activities of ancient
miners. Then, Ye.N. Chernykh and Ye.Yu. Lebedeva suppose
that the accumulation of open mine workings as well as the
underground ones within Kargaly ore field in the Southern
Urals was first stipulated by dispersion and diversity of ore
nests being typical for such a mineralization type as well as
difficulties connected with prospecting of new ore depo-
sits [27]. Moreover, the compactness of mine workings is
considered by researchers as the expediency involving rational
labour organization when the mined-out area was backfilled
using rock from a new mine working [28]-[31]. The above-
mentioned is another example demonstrating that motivation
of such reasonable practicality dominated when ancient miners
were selecting a technique for copper ore extraction.

Availability of natural ventilation is important moment in
the process of mining organization. Lack of aeration at the
depth of ore body occurrence thins down its efficient mining.
Ventilation was performed using breakthrough of two neigh-
bouring day mine workings. Since ancient miners could not
deal with underground water effectively, copper ore was
extracted up to its level. In the context of Kartamysh, under-
ground water level was recorded at almost 15 m depth from
the day surface when its artifacts were excavated.

Within a mine shaft, and some distance from it ore was
developed in the form of roadways which remove from the
shaft made mining more dangerous. In turn, it stipulated the
necessity to drive a new shaft and extract an ore-bearing
seam with the help of short branching roadways.
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Working 1 of Chervone Ozero-1V mine is the most stud-
ied one in the context of Kartamysh ore occurrence as well as
in the context of the whole mineralization territory of Bakh-
mut basin in Donbas (Fig. 4).

Figure 4. Chervone Ozero-1V mine. Working 1

A shaft of the sloped collar deepening on the angle of
strata inclination, being 50-55°, was located at the depth of
3.8 m from the surface. Partially, it was packed with red clay.
Cavities, resulting from rainwater and melt water washing,
were observed in some areas. Collar width of the inclined
shaft corresponds to the width of southern wall of the shaft
(almost 1.5 m); perhaps, it changes with the depth. Its height
is almost 1 m. Early in the last century, similar geometry of a
day drift with coal residuals and pottery fragments were
found out within Kargaly. The day drift is the depth of 22 m;
its length was 260 m [32]. A horizontal roadway, directed
towards neighbouring mine working 2, is in the western wall
of the working 1 of Chervone Ozero-1V mine. Maybe, cop-
per ore was mined using several levels. However, the com-
plex archaeological and engineering activities, carried out in
Kartamysh, prevents from drawing such a conclusion.

The evidence weight suggests that the working 1 is the
ancient one. The idea is supported by burial of an ancient
miner [26] (Fig. 5). It has been found out in a peculiar
“pocket” within the southern share of the plumb shaft deep-
ened into the parent material by 2.7 m.

Figure 5. Chervone Ozero-1V mine. Burial place 1

Human skeleton was in a crouched position lying on its
left side with the head southeast. Molded pottery vessel was
behind the back near the skull. In the face of the buried man,
animal rib has been found out which state prevented from
making a traceological analysis. Pieces of the prepared cop-
per ore as well as animal ribs looking much like bone tools,
represented massively within the technogenic area of Cher-
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vone Ozero-l mine, call attention to themselves. The buried
man lied under thick stone mass among which numerous
animal bones of five domestic oxen and fragments of one
more molded pottery vessel have been found out.

The obsequies and ceramics nature speak for the de-
ceased person belonging to the members of the Late Bronze
Age Berezhnovka-Mayovka Timber-Grave Culture. Bones of
the buried person were subject to radiocarbon analysis.
Average index is a value in the range of 1600-1562 BCE.

Thus, while generalizing the available geological,
geotechnological, and archaeological data, one can mean
rather high level of mining operations by ancient miners
during the Late Bronze Age in the context of Donets Ridge.
The idea is supported by the consideration of such specific
geological features of the mined mineralization as: shapes
and dimensions of ore body occurrence; ore grade; enclosing
rock hardness; topographic features etc.

A plant site for the initial ore preparation and separation
was located in the neighbourhood of the underground mine
workings. Moreover, a waste dump (Fig. 3) was also placed
there containing finely-fragmented rock mass inclusive of
oxide-bearing ore and primary ore (i.e. chalcosine) pieces.
The dump area is several tens of cubic meters.

Taken as a whole, total mining output of three open pits
(i.e. Chervone Ozero-I-1ll) was no less than 30000 m?;
volume of the mined copper ore was almost 817 m®. Taking
into consideration underground extraction in Chervone
Ozero-1V mine, ore output within Kartamysh basin achieved
almost 1000 m®,

It is clear that the necessity to keep secrets of mining
mystique (supported by the Bible and more recent ethno-
graphic evidence of the late XIX — early XX centuries) as
well as sacral factors [33] (highlighted repeatedly by re-
searchers [28], [29], [32]) may explain the tendency that
miners, operated in open pits of Eurasian steppe, filled (cov-
ered) traces of their activities and daily life after they left the
territories of ore development. In this context, lack of a cul-
tural layer beyond the area of production structures, should
be mentioned. The whole archaeological material has been
revealed exclusively within the area of structures (work-
shops) or within the packing of neighbouring holes. Over-
burden operations, performed using test pitting procedure
beyond the structures, were almost ineffectual from the
viewpoint of archaeological material searching. It looks like
we face again the rule when ancient miners should comply
obligatory with the top secrecy requirements.

Working 2 of Chervone Ozero-1V mine and technogenic
site of Chervone Ozero-1 mine demonstrate complex system
of production cult of ancient miners in terms of Kartamysh
area. Accordingly, five burial places of skeletons of small
cloven-hoofed animals have been found out; one skeleton has
been found out in the upper layer of a cultural layer of the
technogenic site. Definitely, the animals were sacrificed after
intensive extraction and preparation stages were terminated.
Nevertheless, animal sacrifices were common practice in the
Kartamysh settlements of ancient miners during their life-
time. The sacrificial stone altars, found out in the neighbour-
hood of structures of Chervone Ozero-l settlement (Fig. 6)
almost adjoining southern and southwest slopes of a waste
dump of Chervone Ozero-1 mine, afford ground to speak to
the fact that the cults, connected with the mining operations
by ancient Kartamysh miners, were worshiped near every
production structure in virtue of their prime importance.
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Figure 6. Chervone Ozero-I settlement: 1 — production structure
with altar; 2 — sacrificial stone altar

The altars were made of large quartzitic sandstone; their
weight was almost 150 kg. The upper share of each altar had
a hollow transforming into a trough to the edge. Their geom-
etry was 0.7x0.5x0.6 m. Externally, the sacrificial stone
altars look like the hafted hammer being ancient mining tool.

Radiocarbon analysis of animal bones from working 2
packing material of Chervone Ozero-1V demonstrated ave-
rage index in the range of 1645-1662 BCE.

3.2. Technogenic site of Chervone Ozero-1 mine

After copper ore was prepared primarily and graded with-
in the production sites, neighbouring mine workings, it was
transported to a specific water-intake area for its further
preparation to produce copper-ore concentrate being ready
for metallurgical treatment (Fig. 1).

The technogenic site of Chervone Ozero-1 mine is in the
ravine fragmentation on the upland slopeside where melt
water and rain water wash down by force of the landscape
features. To use them for water treatment, a trench has been
excavated at the territory of the production area (Fig. 7).

Figure 7. Technogenic site of Chervone Ozero-1 mine: 1 — techno-
logical trench for water treatment (lower stratigra-
phic level)

Stratigraphically, it is the earliest one among the studied
systems. The trench stretched southwest-northeast at more
than 12 m length. It has been analyzed partially. Its width is
1.6-2.2 m; and its depth is 0.4-0.6 m. The trench is filled up
with cupriferous sandstone sand, at the bottom of which spo-
radic fragments of stone and bone tools have been found out.
The abovementioned can be considered as another evidence of
the advanced achievements of ancient miners of Donets Ridge,
i.e. use of water treatment to separate ore and waste rock.
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Altogether, 210 square meters of the excavated area of
the technogenic site have demonstrated three stratigraphic
levels being complying with the production facilities: early
level (i.e. technological trench); intermediary level (i.e. struc-
tures 2 and 4); and the late one (i.e. structures 1 and 3). The
structures 1 and 3, studied partially, were recorded in the
western wall profile of the excavation site occupying upper
terrace share. Almost parallel arrangements of ditches of
structures 2 and 4 have been found out within a lower ter-
race. Partially, 1 and 3 ditches bridged them over. Probably,
the 2 and 4 structures are two chambers of one and the same
production system.

Mainly, goods within the technogenic site of Chervone
Ozero-1 mine are represented by bone and stone tools. The
set of stone tools, analyzed traceologically [18]-[20], consists
of 184 items. Four groups are singled out from the viewpoint
of functionality. Three of them are successive metal produc-
tion cycles inclusive of tools for mining (23.6%), preparation
(75.4%), and metal processing (1.2%) cycles. Group four
consists of stone-working tools (2.1%).

According to expert traceological opinion, tools of a min-
ing cycle are represented by pick axes (13 items); mining picks
(8 items); and hammers (17 items) (Fig. 8). Practically, each of
them is made of hard quartzitic sandstone and has approximate
signs of wear. Pick axes, differing in wide end of the sharp-
ened work surface, were applied for overburden operations.
Roundly oblate or almost rectangular mining picks, differing
in narrow wedge-like working surface, were used to loosen
compact rocky ground. Solid hammers of trapezoidal or al-
most rectangular forms were applied while mining, separating
prills from solid mass, and their primary disintegration.

Figure 8. Kartamysh archaeological area (mining cycle tools):
(a) pick axe; (b) mining pick; (c), (d) hammers; (a), (c),
(d) tools from technogenic site of Chervone Ozero-I
mine; (b) tool from Chervone Ozero-1 settlement

There is the evidence to suggest that metal tools were
used for mining cycle of industrial activities in Kartamysh.
The idea is supported by the rock, bearing the marks of metal
tool impacts, excavated within the technogenic site. Moreo-
ver, the traces, being in open view, have both wide and narrow
hollows. Within the Donets mining and metallurgical territory,
a fragment of a mould of the socketed end has been excavated.
The fragment bears a direct relation to the mining cycle at the
territory of Chervone Ozero-111 settlement belonging to Kar-
tamysh area. Similar tool is also known within Pylypchatyno-I
settlement of Kysly Bugor ore occurrence [16].
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The three functional types are singled out among the
tools, applied for preparation cycle at a technogenic site of
Chervone Ozero-1 mine: ore breaking/ore grinding plate
(20 items), grinding tamper (100 items), and fastened tamper
(1 item) (Fig. 9). Mainly, ore braking/ore grinding plates are
made of cupriferous sandstone. The only tool (5%) is made
of quartzite. The tools are of various forms. Their feature is
availability of a hollow, i.e. a niche with 3 to 6 cm diameter
and 0.6 to 1.7 cm depth. The considered tools have one- and
two-sided work surfaces. Mainly, grinding tampers, being
tools of active manual actions, are made of cupriferous sand-
stone; only 9% of tools of the functional type are made of
quartzite. Their characteristic feature is represented by one or
several grinded down sides. The fastened tamper is a quartzite
tool of active operation. It is of oval shape; it has a flattened
place for a haft as well as shallow flutes for lashing belts.

Figure 9. Kartamysh archaeological area (tools of a preparation
cycle): (a), (b), (c) ore breaking/ore grinding plates;
(d), (e) grinding tampers; (f), (g) bone separators; (a), (b),
(c) tools from Chervone Ozero-1 settlement; (d), (e), (f),
(9) tools from technogenic site of Chervone Ozero-I mine

Tools of metal-processing cycle are the smallest group
within the technogenic site of Chervone Ozero-1 mine
(2 items). Thus group is represented by two functional types:
abrasives and hammer anvil. Stone-processing tools are
quartzite hummer stones. Being not numerous (1%), their
collection at the technogenic site speaks for operative tool
repair in case of failure rather than for mining tool manufac-
turing in the context of the site.

Bone tools are the most numerous ones at the technogen-
ic site of Chervone Ozero-I mine (Fig. 9). Their total number
is 399 items. Tools, engaged in ore separation, are the largest
group. Mainly, they are made of animal ribs (319 items).
They were applied to mix the grinded and rubbed ore with
the use of animal skins (97.9%). Traceological analysis of
the bone tools with specific polished edges, carried out by
O.N. Zagorodnia [20], and simulation of water treatment has
supported suggestions of 1.V. Gorashchiuk and V.B. Pankov-
ski on the functional use of animal ribs as tools in the process
of copper ore water treatment.
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Piercings (4 items) and pricker (1 item) are one-piece
bone products within the technogenic site. Their availability
speaks for repair of leather bags or sacks being important
tools required for ore transportation. Such a leather 52-40 cm
bag, holding up to 20 kg of copper ore, was found out in one
of the workings of Gumelnitski mine in the Urals [34].

Bony chip in the materials of technogenic site of Cher-
vone Ozero-l mine can be considered as an oracle bone.
Broad range of such goods has been found out within Gornyi
settlement of Kargaly mining and smelting area [35]. Dan-
gerous and risky everyday working life of an ancient miner
was closely connected with goetic rituals. The oracle bone is
one of such cultic attributes.

Melting proofs have also been found out among the mate-
rials of the technogenic site of Chervone Ozero-1 mine. Their
total number is 43 items. Skulls (17.3%), matte plates (62.8%),
blocks of scorified stone (6.8%), and fragments of the scorified
ceramics (i.e. melting pots) (3.15%) are among them.

The tools as well as the evidence, representing the basic
cycles of ancient metal fabrication (i.e. extraction, prepara-
tion, and metallurgical) in the context of one production
(technogenic) site, speak for high potential of metal fabrica-
tion of Kartamysh area inhabitants under the Late Bronze
Age. Similar facility, complemented by metal processing
signs, has been found out in the settlement of Chervone
Ozero-111 and inside other significant sites within the copper
ore occurrences of Bakhmut basin (i.e. Vyskrivka, Klynove,
and Pylypchatyno-1,2) [16]. It is understandable that miners
of the Donets mining and metallurgical site under the Late
Bronze Age could operate as melters, moulders, and iron forg-
ers. Beyond Donets site, similar specializations are demon-
strated by the inhabitants of Usove Ozero settlement on the
Siverskyi Donets River [36] and Mosolovske settlement on the
Bityug River [37] where foundry men lived and worked.

Hence, the technogenic site of Chervone Ozero-1 mine
represents evidence of each metal fabrication cycle. How-
ever, their total number (92.5%) is connected with ore treat-
ment (i.e. preparation). Such specialization of the significant
site is supported by concentration of small fragments of cu-
priferous sandstone used as rubbing stones, technological
trench, and of course, significant volume of the rubbed sand
of the cupriferous sandstone being waste of production oper-
ations. Technogenic site location was selected with the focus
on the extraction and preparation specialization. Ancient
miners used landscape features to accumulate melt water and
rainwater for water treatment of copper ore mined in the
neighbouring workings.

Calculation of the high-grade copper ore, extracted from
an open pit of Chervone Ozero-1 mine speaks for almost
400 m? of the ore, prepared within the technogenic site. If the
amount is added by 200 m® of ore, extracted in the neigh-
bouring Chervone Ozero-1V mine, the volume becomes more
impressive since it achieves just about 600 m? [17]. From our
viewpoint, technogenic sites neighboured each Kartamysh
mine as well as other mines of Donets facility. To some
extent, the suggestion is supported by analysis of a mine
working-1 within Midna Ruda ore occurrence near which
extensive in length technogenic layer of the rubbed cuprifer-
ous sandstone has also been found.

While generalizing the range of sources, coming from the
industrial sites neighbouring mine workings of Chervone
Ozero-1V mine, it is possible to state that in terms of the
technogenic site of Chervone Ozero-l1 mine in Kartamysh
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area, ancient miners of Donets mining and metallurgical field
performed several technological operations as for the ore
preparation under the Late Bronze Age. Ore separation from
waste rock in the area of mine workings and ore grinding
down to small grains as well as water treatment within the
technogenic site are among them. Copper ore, being ready
for melting raw material, was the finished product. The tech-
nological operations with copper ore, identified within Kar-
tamysh, support earlier observations obtained by researchers
in different copper ore Eurasian regions.

Totality of the data, resulting from the research, makes it
possible to associate the technogenic site of Chervone Ozero-I
mine with population of Berezhnovka-Mayovka Timber-
Grave Culture. Animal bones from the technogenic site of
Chervone Ozero-1 mine helped obtain seven radiocarbon
dates. Their average index is 1675-1663 BCE.

Taking into consideration the features of Kartamysh ore
occurrence as well as the level of processing capabilities of
ancient metal makers under the Late Bronze Age, the copper
amount, melted using Kartamysh ore, could achieve up to
160 tons in terms of complete extraction [17]. Even if one
may assume that only five ore occurrences (i.e. Vyskrivka,
Klynove, Kartamysh, Kyslyi Bugor, and Midna Ruda) were
involved in extraction operations within Bakhmut basin,
consideration of the data, obtained in terms of Kartamysh,
helps conclude that the total output of Donets metal, melted
under the Late Bronze Age, could be 700 tons [21]. Taking
into consideration almost 500-year period of copper extrac-
tion in Bakhmut basin of Donbas by population of Berezh-
novka-Mayovka Timber-Grave Culture (18/16"-13"" centuries
BCE), it becomes possible to evaluate approximately the total
copper ore extraction output under the Late Bronze Age.
Equivalently, it could correspond to 1.5-2.0 tons of copper a
year on the average; moreover, more active copper ore extrac-
tion accounted for the first period of Berezhnovka-Mayovka
Timber-Grave Culture (i.e. 18/17M-15" centuries BCE).

Yu.S. Grishin provides statistics being quite important for
the research. The figures make our calculations on Donets
area close to actual ones. Thus, in ancient Egypt, average
annual amount of copper, melted under the Bronze Age, was
7 tons; it was 16.5 tons in the Western Europe and several
tons in the Eastern Kazakhstan [34].

Hence, relying upon the Late Bronze Age data, copper
production output within Kartamysh was rather significant.

4. Conclusions

Analysis of mining artifacts in terms of Bakhmut basin of
Donbas (firstly, ancient Kartamysh mines) makes it possible
to consider the Eastern Ukraine territory as not numerous
global ore extraction areas under the Early Metal Age. Na-
ture of surface mine workings as well as the underground
ones and extraction tools as well as preparation ones speak
for immensity and high (for its time) level of mining and ore
preparation methods. It seems that metallurgy with its little
evidence played a supporting role to provide ancient miners
with metal mining tools or perform experimental melting in
the process of ore grade evaluation. Major part of the pre-
pared ore was transported to the special-purpose settlements
of moulders located within a territory rich in firewood (like
Usovo Ozero settlement on the Siverskyi Donets River).

Sacral organizational and motivational components of
mining activities in the stable isolated groups of miners and
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metallurgists of Timber-Grave Culture community are rather
high. The viewpoint is supported by numerous sacral arti-
facts at the territory of Kartamysh area.

Comprehensive analysis of the evidence of production
activities of both Kartamysh system and other ancient indus-
trial complexes of the region makes it possible to reconsider
the approach as for the industrial structure functioning within
the copper ore territory of Bakhmut basin in Donbas under
the Bronze Age. In the scientific community, the structure is
known as Donets mining and smelting area of the Bronze
Era. Nevertheless, Donets mining area is more correct name
since it focuses on the integrated extraction and preparation
of copper ore. Basically, metal was smelted beyond it.

Unluckily, currently territory of the mines is in a “grey
zone”, i.e. area of the armed conflict in the east of Ukraine.
Hence, access to the artifacts as well as projects to establish
“Kartamysh” skansen are put off indefinitely.
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I'ipuuynii npomMuces1 B enoxy paHHbOro Meraiay Ha Kapramucekomy pynonposiBi ykpaincskoro Jlonéacy

1O. Bposenguep, I'. I'aiiko, O. Bposernep

Merta. BusiiieHHs 0co0MMBOCTEH TEXHOJIOTIT Ta OpraHi3amii TipHUYOro MpoMHCITy B enoxy mi3Heoi 6pon3u (XVIII-XIII cT. no H.e.) Ha
MigHUX ponoBumax CximHoi YkpaiHu, 30KkpeMa — aHali3 ImaM sITOK BUPOOHUUOI MisIBHOCTI (BUIOOYTKY 1 30aradeHHst MifHOI pynu) Kapra-
MHCBKOTO apXeOoJIOTIHHOTO MIKpOpaioHy Ha MiTHOpPYIHiH TepuTopii baxmyTcbkoi yinorosunu [lonbacy.

MeToauka. BUKOpHCTOBYBAJIUCH HACTYIHI METOAU JOCIIKEHHS: IMOPIBHUIBHO-ICTOPUYHUNA METON, MiJCUICHUH TUIONOTIYHUM METO-
JIOM apX€eoJIoTii, CTATUCTUYHI METO/H, IHKECHEPHO-TE€OJIOT1YHI METOAN BU3HAYCHHS OOCSTIB TIPHUYMX POOIT 1 OLIHKU BUIOOYTKY MITHUX PYO
B KomampHAX KapTaMuCBKOTO apXeoJoriyHOrO MIKpOpailoHy, a TakoX METOAU CTPYKTYPHO-TEXHOJIOTIYHOrO i ()yHKLIOHAIBHO-
THUIOJIOTIYHOTO aHANi3y, TPACOJIOTITHOTO aHAII3y, eKCIEPHUMEHTAIBHOTO MOJICTIOBAHHS Ta PafioBYTIICIEBOTO JaTyBaHHS

PesyabTaTn. BuBueHHs crienmianizoBaHHX HaM’STOK TIPHHYOTO NMPOMHCTY KapTaMHCBKOro apXeojoridyHOro MiKpopaHoHy, a TakKoX
1aM’ITOK TipHUYO0Z00YBHOI TisSUTBHOCTI Ha 1HIIUX MiTHUX POJOBHIIAX baXMyTCHKOI YIIOrOBHHH, 10 aKTUBHO PO3POOIISUINCS B €MIOXY IMi3HBOT
OpOH3H, TO3BONWIO ITO-HOBOMY PO3IVITHYTH HHM3KY BaXKJIMBHX IUTaHb, [OB’SI3aHUX 3 OPraHI3alli€lo 1 TEXHOJOTIEI0 TPHUYOTO IPOMUCIY,
crietianizamiero 1 po3MnoaiioM Mpari JaBHIX TipHHKIB, OLIHUTH 3HAYCHHS MITHUX KomaieHb JJoHOacy B cucreMi MeTanoBupoOHHITBa CXin-
Hoi €Bpormu I Tuc. 10 H.€.

HaykoBa HoBuM3HAa. JlocmimkeHHs naM’ITOK KapTaMHUCHKOTO apXeooTivHOTO MIiKpOpaioHy, e OCHOBHA KUIBKICTh 00’ €KTiB BUPOOHH-
40i AiSIBHOCTI MOB’s3aHa 3 TIPHUYUM MPOMHUCIOM, JO3BOJIMIO PO3IIITHYTH CIELiali3alliio JaBHIX BUPOOHHYMX KOMIUIEKCIB (TIpHUYUX BH-
pOO6OK pi3HOTO MPHU3HAYECHHS, PI3HOMAHITHUX TiPHUYONO00YBHUX 3Haps/ib, TEXHOJNOTIYHUX MaiJaH4uKIiB 30araueHHs pyxa). OCKiNbKY aHaIo-
riYHa CUTYaIlisl IPOCTEKYETHCS 1 Ha 1HIINX MmaM’siTkaX JIOHEeIbKOro LEHTpY, 0 YBIMIIOB JI0 HAYKOBOTO OO0Iry SIK FipHHYO-MEeTaIypriiiHuUiM,
KOPEKTHIIIMM IIPE/ICTABISIETHCS HAa3BaTH HOro JJOHeIbKUM TipHIYOPYJHUM IIEHTPOM IIi3HBOI OpOH3M, OCKIUJIBKU BiH CIeliaji3yBaBcs Iepe-
Ba)KHO Ha BUIOOYTKY ¥ TepepoOui MiJHUX pYI.

IpakTnyHa 3HaYUMicTb. Pe3ynpTati poOOTH PO3BUBAIOTH ICTOPiIO TipHWYOI HAYKH 1 TEXHIKH, 30KpeMa JaBHIO iCTOPilO TipHUITBA Ha
Cxoni Ykpaiau. Born MOXyTs OyTH BHKOPHCTaHI IS MIATOTOBKH (PaxiBLiB TipHUYOTO MPOQLITI0, Ui CTBOPEHHS MYy3€HHHX eKCTo3uLil (y
TIEPCIEeKTUBI — CTBOPEHHS CKaHceHa Kapramuin) i cHHTe3yBaTUMYTh TEXHI4HI Ta TyMaHITapHi aCTeKTH iH)KEHEPHOI AisITbHOCTI.

Knrouoei cnosa: [{onbac, apxeomemanypeis, oagri konanwvi, Kapmamuwi, eipuuyi 6upooxu, MioHi pyou, 30azauents, KyivsmypHa chaoujuna

I'opHbIii MpoMbIces B 30Xy paHHero MeTajia Ha KaprambllickoM pyonposiBjieHMn yKpauHnckoro Jlonoacca

1O. Bbposenzep, I'. I'aiiko, E. Bposennep

Hexas. Boisipinenne ocobeHHOCTEH TEXHOIOTHH ¥ OPTaHNU3aluK FTOPHOTO MPOMBICIA B 310Xy mno3aHei 6pon3ssl (X VIII-XIII BB. 1o H.3.) Ha
MEJHBIX MECTOPOXKICHUAX BocToYHON YKpauHBI, B 4aCTHOCTH — aHAJM3 MaMITHUKOB IPOM3BOJICTBEHHOHN AEATENFHOCTH (OOBIMH M obora-
IIeHUS MeTHOH pyabl) KapTaMBIIcKoro apXeoiorndeckoro MUKpopaiioHa Ha MeJHOPYIHOU TeppuTopun baxmyTtckoii koTnoBuHbI JloHOacca.

Metoauka. Mcnonp30Baauch CleAyONIMe METOAbI HCCIEJOBAHUN: CPABHUTENBHO-UCTOPUYECKUI METO, MOJKPEIICHHBII THIIOJIOTU-
YECKHM METOIOM apXEOJIOTHH, CTATHCTHIECKNE METOJBI, MHKCHEPHO-TEOJIOTHIECKHE METOIbI ONpefeNneHnss o0beMa ropHBIX paboT H
OLEHKH JOOBIMM MEIHBIX pPyA B pyAHHKax KapTaMbIIICKOTO apXeoJOTHYecKOro MHKpOpaioHa, a TakkKe METOHBl CTPYKTYPHO-
TEXHOJOTMYEeCKOro M (PyHKIIMOHAIBLHO-THIIOJOTHYECKOTO aHAJIN3a, TPACOJIOTHYECKOTO aHaAIH3a, SKCIIEPUMEHTAIBHOIO MOISITHPOBAaHHS U
PasnoyIJIEPOAHOTO NaTHPOBAHUS.

Pe3yabTathl. 3ydeHne cnenuaiu3upoBaHHBIX NaMATHUKOB FOPHOIO NMpoMblcia KapTaMbIICKOro apxeoloruyeckoro MUKpopaiioHa, a
TaKOKe MaMATHUKOB TOPHOIOOBIBAIOIIEH ASTENFHOCTH Ha IPYTHX METHBIX MECTOPOXKICHUSIX BaxMyTCKO# KOTIIOBHHBI, aKTHBHO pa3pabatsl-
BaeMBIX B IIOXY TTO3HEH OPOH3EI, TO3BOJIMIIO IIO-HOBOMY PACCMOTPETH Psi/i BAYKHBIX BOIIPOCOB, CBA3aHHBIX C OpTraHU3aIel 1 TEXHOIOTHeH
TOPHOTO IIPOMBICIIA, CTIENNATM3aIMel 1 pa3/ieNleHHeM Tpy/a JPEBHUX TOPHIKOB, OIIEHUTH 3HAUCHHE MEHBIX pyAHHKOB [loHOacca B cucteMe
pasButTus MeramionpoussocTBa Boctounoit EBpomnst I ThIC. 10 H.9.

Hayunas HoBu3Ha. lccienoBanue naMsITHUKOB KapTaMBIIICKOro apXeoJornieckoro MIUKpopaiioHa, rie OCHOBHOE KOJIHYECTBO 0OBEK-
TOB l'IpOI/ISBO)lCTBeHHOI\/'l JACATEIIBHOCTU CBA3aHblI C T'OPHBIM IIPOMBICJIOM, IMO3BOJIMJIO aBTOpaM MMEHHO B 3TOM BUJE NMPOU3BOACTBA paccMar-
pHUBaTh CICIHATM3AINIO IPOU3BOICTBEHHBIX KOMILICKCOB (TOPHBIX BBIPAOOTOK Pa3IMYHOTO Ha3HAYEHHs, Pa3HOOOPAa3HBIX TOPHOIO0OBIBAIO-
HIMX OpYIUH, TEXHOJIOTHUECKUX IJIOMAA0K oborameHus py). [lockonbKy aHanorn4yHas CUTyarys MpOoCIeXUBAeTCs U Ha IPYTUX MaMATHUKAX
JloHEeLKOro LEHTPa, BOLICAIINM B Hay4HBIH 000POT KaK rOPHO-METaTypriHYecKuii, 00jee KOPPEKTHBIM MPE/ICTaBISIETCs Ha3bIBaTh ero JloHer-
KHM TOPHOPY/IHBIM IIEHTPOM, TTOCKOJIBKY OH CIIEIHATN3UPOBANICS HAa KOMIDIEKCHOM IPOM3BOCTBE MO NOOBIUE U ITepepaboTKe MEIHBIX PY/I.

IIpakTHyeckas 3HAYUMOCTb. Pe3ynbTaTl pOOGOTHI Pa3BUBAIOT MCTOPHIO TOPHOI HAyKH M TEXHUKH, B YaCTHOCTH JAPEBHIOI0 HCTOPUIO
ropHoro fena Ha Bocroke Ykpanusl. OHM MOTYT OBITH HCHOJIB30BAHBI JJISI MTOATOTOBKH CIEIIHAINCTOB TOPHOTO PO (IS, NCTIOIB30BAHBI
TIPU CO3JaHUU MY3€HHBIX SKCTIO3MIMH (B MEPCIEKTHBE — CO3MaHMs cKaHceHa Kaprambinn) n OyIyT CHHTE3MpOBATh TEXHWYECKHE U TyMaHH-
TapHBIC ACIICKThI I/IH)KeHepHOﬁ JACATCIBHOCTH.

Knwuesvie cnosa: [jonbacc, apxeomemannypeus, opesuue pyonuku, Kapmamwviw, 2opuvle sbipabomku, meduvie pyowl, obozaujeHue,
KYomypHoe Hacieoue
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