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Abstract. This work is performed in order to develop an algorithm for transforming the geological environment,
which received environmental problems due to man-made load, to the geological environment as part of the noosphere,
identifying the most attractive aesthetic aspect of existing or spent mineral deposits.

From the standpoint of ecological aesthetics, examples of the use of spent mineral deposits for socio-cultural hu-
man needs are considered. Developed and implemented environmental and aesthetic projects have different levels of
recognition and scale — from the creation of museums in the workings of former mines, the conversion of former quarries
into arenas for music — to the construction of five-star hotels in former building stone quarries. A combination of aesthet-
ic, environmental and economic aspects for the sustainable development of such facilities is shown. Some complex min-
eral deposits of Ukraine are considered, where certain types of gemstone raw materials are found, in particular jaspilites
at Kryvbas iron ore quartzite deposits. Some decorative and artistic characteristics of jaspilites, possibilities of their tex-
tures for creation of a mosaic and large-scale interior compositions as a whole, and also historical role of this stone for
economy of the country are shown.

The proposed algorithm for transforming the geological environment for mineral deposits of Ukraine that contain re-
sources of gemstones has three main vectors of sustainable development: aesthetic (preservation of geological heritage,
attraction of waste as educational, scientific and tourist facilities, creation of museum exhibits of gemstones, etc.), eco-
logical (restoration of agricultural land or damaged forest fund) and economic (receipt in the state budget by developing
and adopting a state program of development in the field of extraction and circulation of gemstones, improving existing
legislation, business development).

Keywords: geological environment, mineral deposits, gemstones, ecological aesthetics.

Introduction. The geological environment is the part of the earth's crust (rocks, soils,
sediments, groundwater, etc.) that interacts with elements of the landscape, atmosphere
and surface waters and may be affected by man-made activities [1]. In the 20th and early
21st centuries, with increasing human activity in terms of anthropogenic impact, we can
state the fact of significant violations of environmental ecology and changes in geological
and climatic conditions, including increased content of greenhouse gases in the atmos-
phere and, consequently, rising surface temperatures and the ocean (global warming).

Ukraine has a strong mineral resource base, including significant resources of
gemstones. The explored deposits of amber, piezoquartz, topaz, beryl and other varie-
ties are potential targets of financial revenues to the national budget, domestic devel-
opment and entry into the foreign market of gems and jewelry.

The vast majority of gemstone raw material varieties in Ukraine are part of min-
eral deposits, which are complex in nature. These include jaspilites at iron quartzite,
topaz and beryl deposits in piezoquartz deposits, graphic pegmatites in ceramic peg-
matite deposits, amber, halite deposits, and others. Active development of mineral
deposits, both open and underground, leads to the formation of dips, floods, harms
the environment (Fig. 1).

Methods. The world's leading mining countries are actively working to address envi-
ronmental issues by using the geological environment both as a tool for profit and as a
way to solve environmental problems. To find ways to overcome the ecological crisis of
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our time, researchers are increasingly turning to the artistic understanding of nature. To-
day's environmental challenges, on the one hand, form new demands on art, create new
social discourse and new projections of their artistic understanding, and on the other hand,
change art itself, generating new directions, styles and forms of art. These issues are with-
in the competence of environmental aesthetics [2]. Some researchers introduce the concept
of geoaesthetics as a project of aesthetic understanding of nature through geological phe-
nomena [3].

a)
Figure 1 — Ecological problems in the deposits of ferrous quartzites of Kryvbas (a) and ceramic pegmatites
in the Zaporizhzhia region (b)

The history of the origin, development and modern directions of ecological aesthet-
ics is most thoroughly presented in English-language literature in a work that has long
been a classic. [4].

Results and discussion. Spent mineral deposits can be grouped into two main cat-

egories:
- Abandoned without further human intervention;
- Arranged and used by people for their cultural and other needs.

Developed and implemented environmental and aesthetic projects of different
levels of recognition and scale demonstrate society's understanding of existing prob-
lems and opportunities for sustainable development of regions, including the receipt
of income from the tourism business. Here are some examples of how sustainable de-
velopment projects are being implemented in different countries (mostly), which to
some extent aim at a harmonious existence in the geological environment.

The St. Margaret's sandstone quarry is one of the oldest in Europe. The material
from it was used for the construction of St. Stephen's Cathedral in Vienna. The quarry
Is the UNESCO World Heritage List. In 1959 the first European symposium of sculp-
tors was held here. Numerous stone sculptures made by craftsmen from around the
world create a unique design of the surrounding area. Between the "first discovery" of
the quarry as a unique venue for an opera festival made by artistic director Wolfgang
Werner in 1997, and the massive expansion of this natural arena lies a ten-year path
to success. Currently, about 220,000 visitors come here every year to watch the per-
formances on this unique stage (Fig. 2).
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Dalhala is an open-air theater located in a former limestone quarry, which is now
used as a place for summer music. It is located near the city of Dalarna, central Swe-
den. The quarry operated until 1990. The open-air theater was opened in 1995 and
currently has 4,800 seats. Its acoustic qualities do not lose in comparison with the
best open stages of Europe.

Figure 2 — St. Margaretten Arena (Austria)

The municipal stadium in the city of Braga in northern Portugal was nicknamed
the "Quarry Stadium™ because it was built inside an inactive quarry, as seen from one
side. The stadium was designed by architect Eduardo de Mour for the Euro-2004
sports competition and has been awarded many prizes.

In the early sixties of the last century, residents of one of the districts of Helsinki
decided to build a parish church. The Suomalainen brothers' project won the design
competition. They proposed a very interesting concept of a building that had never
existed in Helsinki - "The Church in the Rock™. Their decision was one of the cheap-
est: not to build the walls of the temple, but to punch a hole in the top of the hill with
dynamite and cover it with a dome. Thus, the budget of the church was even less than
the amount allocated for the construction of a regular school. Today, the amazing
church is visited by about half a million tourists each year. And that's not counting
those who come to organ and chamber concerts.

In 2019, a unique five-star hotel opened in Shanghai - a 19-storey Songjiang In-
terContinental. The new building is located in a former quarry, where granite was
mined for road and construction works. The depth of the quarry is 80 m. The main
decorative element of the building is a transparent glass waterfall that flows down the
walls in the center of the building. The hotel project has won five international archi-
tectural awards (Fig. 3).

Another well-known projects of world recognition are, in particular, the Royal
Mining Salts "Wieliczka™ and "Bochnia", which have the status of the UNESCO
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World Heritage. The objects illustrate the historical stages of development of mining
technology in Europe, from the 13th to the 20th century. Galleries, underground
chambers, located and decorated in a way that reflects the social and religious tradi-
tions of miners, tools and machines give outstanding evidence of the socio-technical
system involved in underground rock salt mining. Halit carving masterpieces - interi-
ors, sculptures - will forever be remembered by visitors of the mines.

Figure 3 — Songjiang InterContinental Hotel (China) before and after construction

The Sterling Hill mine began operating around 1739 and produced more than 11 mil-
lion tons of zinc over more than 200 years of operation. When it closed in 1986, it was the
last operating mine in New Jersey, but now the mine has become a popular attraction —
about 75,000 people visit it annually, since the Hawk brothers restored the historic site as a
museum in 1990. Among the most impressive parts of the mine tour on Sterling Hill — a
walk through the Rainbow Tunnel. Much of the route is illuminated by ultraviolet light,
which causes an explosion of glow, neon red and green colors from the exposed zinc ore
in the walls containing the mineral willemite.

The results of our research on gemstones in Ukraine. Analysis of the features of
some existing and spent mineral deposits in Ukraine has shown that their most striking
aesthetic aspect is the gemstones, the resources of which are known at these sites. Re-
search conducted by us and our colleagues in previous years has shown significant poten-
tial for the use of associated agate reserves in basalt deposits, chalcedony deposits of nick-
el-containing weathering crust, graphic pegmatites in feldspar deposits, epidosites
(unakites), colored quartz and collectible stones in block granite deposits, and some others.

In our opinion, the greatest scientific and practical interest is the huge industrial
reserves of jaspilite in iron ore deposits, in particular in Kryvyi Rih, where, in addi-
tion, industrial and social infrastructure is well-developed [5, 6]. One of the domi-
nants of aesthetics and artistic characteristics of the jaspilite is determined by the va-
riety of its colors and textural patterns. The latter is characterized by dynamics,
movement, direction. The alternation of opaque multi-colored layers allows you to
create numerous jewelry and decorative arts. The patterns we have formed allow us
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to take into account the possibilities of jasper textures to create a mosaic, when the
repetition of the natural pattern of the stone can be used to enhance individual ele-
ments of the product, and size - to create large-scale interior compositions.

By taking into account the historical role of the jaspilite, its importance for the
country's economy and high decorative properties, in the early 2000s we designed ar-
tistic projects of the Jaspilite Room as a monument to this unique stone. The second
volume of the monograph "Gemstones of Ukraine", dedicated to the stone that played
a crucial role in the Dnieper region, presents five art projects of the Jaspilite Room in
classical and gothic styles, as well as in art nouveau style. The implementation of this
idea will be a continuation of the national traditions and culture of gemstone in the
country. Of course, other varieties of gemstones in Ukraine are also waiting to be re-
alized.

Today, it is necessary to attract big business to invest in projects that will be recog-
nizable around the world and will serve as a kind of tourist attraction. The task of re-
searchers is to ensure that investors understand the new opportunities that are emerging in
this area. This can be done through the identification of aesthetic aspects in geological ob-
jects, scientific support in the creation of cultural and educational centers. Such centers
should be investment-attractive, highly aesthetic, and environmentally sound. The motto
and inspiration of those who will create these architectural masterpieces should be the
awareness that there is no such thing anywhere in the world, only in Ukraine.

Further development of the mineral resource base of gemstones of Ukraine is im-
possible without taking into account the positions of aesthetics, ecology and economy

(Fig. 4).
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Figure 4 — Schematic representation of the algorithm for the transformation of the geological envi-
ronment (according to Academician V. Vernadsky)

In fact, there is a qualitative transition from the environment with environmental
and man-made problems to the geological environment as part of the noosphere (ac-
cording to Academician V. Vernadsky): "We live in an unprecedented new, geologi-
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cally bright era. Man by his work — and his conscious attitude to life — transforms the
earth's crust — the geological area of life — the biosphere. It transforms it into a new
geological state; by human labor and consciousness the biosphere passes into the
noosphere.

Conclusion. The algorithm of geological environment transformation combines eco-
nomic, ecological and aesthetic aspects. Aesthetic development is aimed at preserving the
geological heritage, attracting mines as educational, scientific and tourist sites, develop-
ment and implementation of art projects of museum exhibitions of gems. The ecological
vector of development involves the restoration of agricultural land or damaged forest re-
sources, the involvement of spent deposits as objects of investment, including for medical
and health purposes, and directly develop strategies for existing mines with taking into ac-
count modern developments in environmental aesthetics. Finally, the economic vector of
development aims to fill the country’s budget by developing and adopting a state program
for the development of this segment of the economy, improving existing legislation in the
field of mining and circulation of gemstones, promoting entrepreneurship and education,
science and culture.
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ANITOPUTM TPAHCCDOPMALll'I'" FEONIONNYHOro CEPEOOBULLA HA TMPUKINALOI OB’EKTIB
KOJIbOPOBOINO KAMIHHA YKPAIHU
Llles4yeHko C.B., bapa+os .M., CniusHa O.B.

AnoTauis. MeToto po60oT1 € po3pobka anroputMy NepeTBOPEHHS re0NOrNYHOM0 CepeoBMLLaA, L0 OTPUMANo eKono-
riyHi npobnemu BHACMIZOK TEXHOrEHHOTO HABaHTAXEHHS], Ha reororiYHe CepeaoBULLE SK YacTMHY HOOCHEPU, BU3HAYK-
BLUM HanbinbLL NpuBabNNBMIA ECTETUYHIIA aCMEKT Ha Aito4MX abo BigNpPaLbOBAHVX POSOBMLLAX KOPUCHIX KOMaKH.

3 NO3NLi eKONOriYHOI eCTETUKM PO3IMSHYTO NPUKMNaAN BUKOPUCTAHHS BiAnpaLboBaHUX POAOBWLL KOPUCHUX Kona-
NWH AN coLianbHMX-KynbTypHUX noTped nognHu. Po3pobneHi i peanisoBaHi ekonoro-eCTeTUYHI MPOEKTU MaKTb Pi3HMiA
piBEHb BU3HAHHS i MaclwTab — Bif CTBOPEHHS My3eiB y BUPODKax KOMWLLHIX LWaxT, nepeobnagHaHHs KOMMULLHIX KameHe-
NOMEH Ha apeHu A1 BUKOHaHHS My3W4YHUX TBOPIB — A0 ByAIBHALTBA M'ATU3IPKOBIX rOTENIB Y KOMULLHIX Kap'epax 3 BU-
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pobyBaHHs ByaiBenbHOro kKameHio. NokasaHo NoegHAHHS €CTETUYHWX, EKOMOTMYHMX | EKOHOMIYHMX acneKTiB Ans CTanoro
PO3BUTKY Takux 06'ekTiB. PO3rnsiHyTO Aesiki KOMMNEKCHI PO4OBMLLA KOPUCHUX KOnanuH YKpaiHu, fe 3ycTpivyatoTbCs NeBHi
Pi3HOBMAN KaMEHECaMOLBITHOI CUPOBWHM, 30KpEMa KECNiNiTM Ha pogoBuLLaX 3anisopyaHux keapuuTie Kpuebacy. Mo-
Ka3aHO OesiKi OeKOPaTUBHO-XYOOXHi XapaKTEPUCTUKN [KECINITIB, MOXIUBOCTI iX TEKCTYPHOTO PUCYHKY ANt CTBOPEHHS
MO3aiku Ta MacLITabHNX IHTEP'EPHNUX KOMMO3MLiiA Y LirOMY, @ TaKOX iCTOPUYHY POITb LibOro KaMeHH Anst EKOHOMIKM KpaiHu.

3anponoHoBaHUiA anropuTM TpaHcdopMaLii reonoriYyHoro cepeoBuLLa AN POAOBULL KOPUCHUX KOMannH YKpaiHu,
L0 MICTATb PECYPCM KONTbOPOBOTO KaMiHHS, Ma€ TPWU OCHOBHI BEKTOPU CTaroro PO3BUTKY: eCTETUYHMIA (30epexeHHs reo-
NOTiYHOI CNaALLMHK, 3amnyyeHHs BianpaLboBaHNX BMPOBOK K OCBITHIX, HAYKOBUX | TYPUCTUYHUX O 'EKTIB, CTBOPEHHS MY-
3€MHUX EKCNO3NLLiM 3 KONIbOPOBOTO KaMiHHS TOLLO), EKOSOTYHWIA (BiZHOBMNEHHS 3eMefb CiNbCbKOrOCMOAapCLKOro NpuaHa-
YeHHst ab0 NOLLKOMKEHOro NiCOBOro poHAY, NPOTUAIA NiATONMNEHHAM TEPUTOPIN) Ta EKOHOMIYHMI (HAAXOMKEHHS A0 Oto-
[KETY KpaiHu LWsXOM po3pobKu i NPUIHATTS LepXaBHOI Nporpamm po3BUTKY Y cdepi BuaobyTky Ta obiry KonbopoBoro
KaMiHHS, YOCKOHANEHHS [it040ro 3aKOHOAABCTBA, PO3BUTKY MiANPUEMHMLTBA).

KntoyoBi cnosa: reonoriyHe cepeoBuLLE, POAOBULLA KOPUCHUX KOMamMH, KOMbOPOBE KaMiHHS, EKONOrYHa eCTETUKA.
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