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SUMMARY

The largest graphite deposit in Europe is located in the central part of Ukraine. From the
point of view of anthropogenic landscape science, this object is the complex landscape and
technical system that determines the features of the modern landscape structure of the
Hayvoron region of the Kirovohrad Oblast.

The research of the Zavalivsk graphite deposit as a landscape-technical system is based on
the principle of natural-anthropogenic coexistence. It has been done with using such methods:
expeditionary, landscape mapping, decoding of aerial photographs of the physical surface,
mathematical and instrumental methods for determining the composition and properties of
quarry waters. The Zavalivsk graphite deposit is located in the Pobuzka graphite-bearing area
of the Ukrainian Crystal Shield. The area of the research object is 44.4 square km. The
Zavalivsk graphite deposit consists of the following landscape and technical elements: Khutir
Andriivka; South-Eastern quarry; waste rock dump; active tailings repository for graphite ore
beneficiation waste; the territory of the beneficiation factory; technological access roads and
placement of objects of the entire infrastructure of the enterprise. The development of the
Zavalivsk graphite deposit contributed to a significant anthropogenic transformation of the
landscape structure of the research territory.
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Introduction

The current degree of transformation of the Earth's landscape shell is a direct evidence of the
functioning and active development of the anthroposphere. Human economic activity has affected
various components of nature, and as a result, today we have formed man-made landscape complexes
of varying degrees of complexity. Roads of communication, agricultural objects, landscape and
technical systems of industrial areas, construction of urban and rural areas — all these are modern
elements and components of the anthroposphere of the Earth of the 21st century. Specialists in the
field of anthropogenic landscape science (Denysyk, 2012) emphasize that within the territory of
Ukraine we have drastic changes in natural conditions. Today, it is worth talking about the
functioning and development of not the forest-steppe zone of Ukraine, but the forest-field zone, not
the steppe zone, but the field zone, etc. This degree of anthropogenic transformation of Ukraine's
natural conditions and resources is natural, taking into account the history of economic development,
the peculiarities of the socio-economic and political development of our state. As noted by
O.M. Marynych, P.G. Shishchenko «... in our time, there are practically no landscapes left in Ukraine
that have not been changed by human economic activity. Little-changed landscapes make up 15-20%
of the territory, these are mainly territories with secondary forest plantations, swampy areas, protected
complexes». Unfortunately, it is impossible to change history and return natural landscapes. But it is
quite realistic to use the appropriate resources wisely, to create a constructive anthropogenic
landscape environment.

The largest graphite deposit in Europe is located in the central part of Ukraine. From the point of view
of anthropogenic landscape science, this object is the complex landscape and technical system that
determines the features of the modern landscape structure of the Hayvoron region of the Kirovohrad
Oblast. Therefore, the research of the structure and current state of the Zavalivsk graphite deposit,
paragenetic and paradynamic connections that form the object of study with the adjacent landscape
complexes, is an actual scientific problem.

Method and Theory

The research of the Zavalivsk graphite deposit as a landscape-technical system is based on the
principle of natural-anthropogenic coexistence, which is described in the works of G.I. Denysyk,
F.M. Milkov. The authors note that «... knowing only man-made landscapes is not enough. It is
mandatory to investigate the man-made landscape as one of the components of the interacting
paragenetic system» (Denysyk, 2012). Man-made landscapes are formed and function in specific
natural conditions and in close relationship with existing landscapes. Therefore, when studying them,
it is important to take into account both the natural and socio-geographical conditions of the region.
Research of the anthropogenic transformation of the physical surface of the Hayvoron region on the
example of the Zavalivsk graphite deposit, have been done with using such methods: expeditionary,
landscape mapping, decoding of aerial photographs of the physical surface, mathematical and
instrumental methods for determining the composition and properties of quarry waters.

The Zavalivsk graphite deposit is the largest graphite deposit in Europe and the only one being
developed in Ukraine (Palii, 2010). 1t is located in the Pobuzka graphite-bearing area of the Ukrainian
Crystal Shield near the village Zavallia of the Golovaniv district of the Kirovohrad Oblast (also covers
part of thezterritory of the former Savran district of the Odesa Oblast). The area of the research object
is 44.4 km".

The Zavalivsk graphite deposit is located in the area of the village Zavallia, 3 km south of the village
Salkove, 21 km southwest of the Gaivoron railway station. In terms of transport, the quarry area is in
favorable conditions. The deposit is connected with district, regional centers and other settlements by
paved roads and railways. The distance to the city of Kropyvnytskyi is 233 km, the village
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Golovanivsk — 60 km, the city of Gaivoron — 22 km, the city of Blagovishchensk — 35 km, the village
of Savran (Odesa Oblast) — 12 km. The nearest settlements are the villages of Kam'yane, Mohylne,
and Salkove. The main railway junctions are Znamyanka, Pomichna, Hayvoron, Dolynska.
Geostructurally, the deposit belongs to the southwestern part of the Ukrainian Crystalline Shield and
belongs to the Hayvoron-Zavalliv massif of charnockites. The surface of the deposit is a hilly plain
dissected by river valleys and streams with a maximum absolute elevation above sea level of 293 m in
the southwestern part and a minimum of 93.7 m in the valley of the South Bug River. The prevailing
elevations of the deposit surface are 200-240 m. The deposit consists of the upper structural layer -
sedimentary deposits of the Quaternary system and crystalline formations of the Precambrian - the
lower productive structural layer. Useful minerals include: graphite ore, garnet ore, crystalline rocks
suitable for the production of crushed stone and butu stone, calciphyre and charnockite of the
Archaean and Lower Proterozoic age.

The deposit is of a metamorphic type associated with biotite-graphite gneisses of the Khashchuvato-
Zavalliv world of the Buzka series (Neoarchean). Ore-bearing bodies are steeply dipping layers
stretched from the northwest to the southeast. They are concentrated in northern and southern bands
(zones), the thickness of individual bodies ranges from 15 to 80 m, the length of ore zones is 3—4.8
km. Graphite ores of technological types are developed — loose, semi-loose, dense, depending on the
degree of weathering of gneisses. According to mineralogical composition, the main useful mineral
graphite ore is represented by gneisses biotite-graphite, biotite-garnet-graphite, amphibole-biotite-
graphite, biotite-chlorite-graphite, chlorite-sericite and other varieties. The graphite of the deposit is
clearly crystalline, scaly (the size of the scales is up to 2—4 mm), with an ore content of 6—14%, the
average graphite content of ore in the deposit is 6.5%. Confirmed reserves of graphite ore based on
the calculation of reserves according to GEO-2 amount to 100 million tons, in terms of ordinary
graphite — 6.4 million tons. The accompanying useful mineral is abrasive raw materials (garnet), the
reserves of which are estimated at 20.4 million t of ore or 3.4 thousand t of mineral. Reserves of rocks
suitable for the production of crushed stone amount to 163.9 million m®. The deposit is developed in
an open method with preliminary crushing by well charges. The annual design volume of ore
production is about 600,000 tons. Its processing with the release of graphite concentrate is carried out
at the "Zavalliv Graphite Plant" (Palii, 2010; Nikolaievskyi, 2022).

The history of the development of the Zavalivsk graphite deposit began in 1930 in the open method at
the "Osnovna" site. The working conditions turned out to be unfavorable due to the development of
landslide phenomena. In 1934, the works were transferred to the "Southern" site. In 1937, the
"Pivdenna" mine was put into operation. By the time the mine was completed in 1957, about 1,240 m
of horizontal workings up to the horizon of 110 m had been completed underground. In 1957, the
development of the "Khutir Andriivka" site began, and continued until 1962, which was suspended
due to the flooding of the pit from the side of the South Bug River through the alluvial deposits of the
channel terrace separating the mine from the river bed. In 1962, development of the "South-Eastern"
site began, which continues to the present time, and further development of the site is planned
according to a special permit until 2035.

The Zavalivsk graphite deposit as an object of study of anthropogenic landscape science consists of
the following landscape and technical elements: Khutir Andriivka (used flooded quarry, 16 hectares in
area); South-Eastern quarry (area about 1.5 km?), waste rock dump with an area of more than 1.6 km?
(design volume of rock storage up to 70 million m®); active tailings repository for graphite ore
beneficiation waste (area over 2.0 km?); the territory of the beneficiation factory, technological access
roads and placement of objects of the entire infrastructure of the enterprise. The paradynamic
connections connect not only the landscape and technical elements of the active mining and industrial
complex and the further development of production and mining operations for the extraction of
minerals of this man-made landscape, but also other man-made formations: settlement systems of the
village Zavallia, road landscapes of the Hayvoron region of the Kirovohrad Oblast.
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The development of the Zavalivsk graphite deposit contributed to a significant anthropogenic
transformation of the landscape structure of the research territory. By genesis, it is a technogenic
landscape, the formation of which changed not only the landscape elements of the horizontal structure
of the Hayvoron region, but also the geographical components. As a result of the research, it was
established that the formation, functioning and development of the Zavalivsk graphite deposit caused
such anthropogenic transformations.

Extraction and accumulation of huge volumes of rock: for example, the South-Eastern quarry has the
following dimensions: length up to 1.2 km; width - up to 800 m; depth — 170 m; the bottom of the pit
is at an absolute height of -41 m; the waste rock dump occupies an area of more than 1.6 km?, the
volume of accumulated material is 30 million m?; the relative height of the dump is 75 m; the tailings
storage facility is located east of the South-Eastern quarry, covers an area of more than 2.0 km?, the
absolute height of the physical surface is 145-160 m.

The formation of anthropogenic forms of relief depends on (actually operating South-Eastern quarry,
Khutir Andriivka, waste rock dump, tailings storage, anthropogenic "takyrs"), the development of
landslide processes and changes in the microclimatic features of the study area.

Formation of water man-made landscapes (flooded quarry Khutir Andriivka, accumulation pond of
the South-Eastern quarry, hydraulic impoundments, tailings storages (total volume of water more than
6 million m*). Unloading of groundwater and inflow of surface water into the South-Eastern quarry
and changes in the chemical composition of pit waters. In general, the chemical composition of pit
waters corresponds to hydrocarbonate-sulfate-chloride waters with a variable cation composition, with
a dry residue of 2.1-3.6 g/l, suspended solids of 21.5-48 mg/I, hardness 11.0-22.0 mg eq./l, pH 7.1—
8.1, nitrates 2.1-6.8 mg/l, mixed phosphates 0.8-2.8 mg / . Changes in the chemical composition of
water in the storage pond occur depending on the frequency of blasting, the intensity of atmospheric
precipitation, regulation of water passage through places of development of products of weathering of
crystalline rocks with different mineral composition.

In the structure of the landscape and technical system of the Zavalivsk graphite deposit, there are 7
exploitation wells of the Zavallivskyi underground water deposit, the reserves of which amount to
more than 18.5 thousand m*/day (Nikolaievskyi, 2022). According to the chemical composition of the
water, it meets the requirements of "Drinking water". Groundwater inflows into the mining workings
of the South-Eastern quarry, which is a significant volume of interception of the general flow of
groundwater of all horizons from the northeast (watershed) to the southwest to the unloading zone in
the valley of the South Bug River. With the exception of springs in the eastern part of the quarry,
where they have a chloride-sulfate composition with an increased content of dry residue, which is
probably the result of the influence of the mineral influence of the composition of the host rocks and
the development of tectonics and the degree of mineral changes and the intensity of weathering
processes. Preliminary researches indicate the impossible influence of the operating tailings repository
on changes in the chemical composition of groundwater due to the placement of a clay layer with low
water permeability in the bottom of the tailings repository with a capacity of more than 40 m.

During the exploitation of the South-Eastern quarry, pit water is pumped out, which is discharged into
the mining workings of the "Pivdenna" mine, in the structure of which 5 pit water sedimentation tanks
work. During of 2009-2022, in the central part of the South-Eastern quarry, a storage pond was
formed according to the project to intercept underground and surface water of atmospheric
precipitation on the operating horizons in order to reduce financial costs for pumping out underground
water. The average water inflow into this reservoir is 40-80 m?/h. During blasting operations, which
lead to the ingress of impurities of soluble minerals and substances, the chemical composition of
water changes significantly and the water does not meet the requirements of "Drinking water". The
pond-accumulator of pit waters is located on the lower previously developed horizons (-41 m — + 11
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m), the water level in the pond is at +5.3 m. In 2022, it is planned to mount a pumping station for
pumping out the pond-accumulator and safe execution of mining works.

Removal of natural soil cover. Development of anthropogenic soil-forming processes on waste rock
dumps and waterlogging processes at the highest hypsometric levels. Among the plant groups that
form habitats, ruder ecosystems and derived forests from aboriginal and invasive species prevail in
terms of diversity and area; the variety of plant groups is 7 classes, 8 orders, 12 unions, 24
associations. The animal world consists of terrestrial molluscs (1 species), arthropods (insects) (32
species), arachnids (3 species), reptiles (1 species), birds (17 species) and mammals (4 species); there
are species included in Appendix 2 of the Berne Convention - this is one species of reptiles (pond
lizard) and 5 species of birds (house owl, barn owl, woodpecker, shore swallow, great tit) (Garbar,
Khomyak, 2022).

Monitoring of the current state of mining operations within the boundaries of the Zavalivsk graphite
deposit showed that if the zone of hostilities is expanded in the territory of the Middle Pobuzhye,
there will be no significant destructive impact. Such conclusions are based on the fact that the waste
rock dump, the tailings depository, all mining operations are carried out in accordance with the
recommendations of the National Institute of Mining and Technology and taking into account the
geological and geomorphological structure of the territory. The landscape and technical system of the
Zavalivsk graphite deposit is in a state of equilibrium and is stable. The rocks of the Ukrainian Shield,
which form bridges between the area of the South-Eastern quarry and Khutir Andriivka, have
sufficient strength and strength, which ensures the stability of the channel of the South-East Bug, and
prevents the flooding of the South-Eastern quarry (the river of the South-Eastern Bug River is located
in the south — in the western direction at a minimum distance from the active quarry — 250 m). It is
also worth noting that a waste rock dump can perform, to a certain extent, the function of protecting
the village Zavallia and other nearby settlements from the destructive impact of the blast wave (the
last statement requires additional research and calculations with the involvement of specialists in
relevant specialties).

Conclusions

The Zavalivsk graphite deposit is a complex landscape-technical system that forms a unique
landscape structure of the Hayvoron region of the Kirovohrad Oblast. It consists of the following
landscape and technical elements: Khutir Andriivka; South-Eastern quarry; waste rock dump; active
tailings repository for graphite ore beneficiation waste; the territory of the beneficiation factory;
technological access roads and placement of objects of the entire infrastructure of the enterprise.
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