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Abstract. The article is devoted to the study of thermal springs as valuable natural resources. It
examines in detail the relationship between geological processes (endogenous and exogenous) and
the formation, distribution and chemical composition of underground mineral waters. Particular
attention is paid to the role of magmatism, volcanism, tectonic movements, chemical and physical
weathering of rocks, as well as karst processes in the creation of unique deposits of thermal waters.
The author analyzes indicators of geological activity, such as seismic, volcanic and hydrothermal
activity, as well as geochemical and geophysical indicators that allow us to understand the dynamics
of the Earth and predict natural phenomena. Considerable attention is paid to the healing properties
of thermal waters and their use in balneo-therapeutic practice for the treatment of various diseases.
Separately, the potential of Ukraine in the use of geothermal resources is highlighted, in particular,
significant reserves in the Carpathian region and Crimea, as well as in Poltava and Kharkiv regions
are emphasized. Top 8 most famous thermal springs in Zakarpattia region are investigated. There
are: Kosino Thermal Waters in Kosino, Zhayvoronok Health Complex in Beregove city, Thermal
vats, Lumshory village, Tepli Vody recreation complex in Velyatino village, Zolota Hora complex in
Barvinok village, Karpatiya water park in Mukachevo city, Apartel Rikka Khust spa complex in Khust
city, Derenivska Kupil Complex in Nizhne Solotvyno village. The prospects for the development of
geothermal technologies in Ukraine and the features of the location of deposits are considered. The
article emphasizes the importance of sustainable use of geothermal resources to prevent depletion
and negative impact on the environment. It is noted that thermal springs are not only an object of
nature management, but also a spatial phenomenon that requires dynamic monitoring. Taking into
account the current situation in Ukraine, especially in Transcarpathia, thermal waters are considered
an extremely important resource that requires proper geodetic monitoring to ensure the sustainable
functioning of resort areas and preservation the natural balance.
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TEPMAJIbHI BOJU YKPAIHU: IOTEHIIAJI BAKOPUCTAHHSA
B O310POBYOMY TYPU3MI TA KYPOPTHOMY BI3ZHECI

Anomauia. Cmamms npucesayera 6USUeHHIO MePMAIbHUX 0Hcepel K YIHHUX NPUPOOHUX pecyp-
cig. V Hitl 0emanvHO po32ns0aEMbCsl 3AEMO38 30K MINC 2€0N02IUHUMU NpoYecamu (eHO02eHHUMU
Ul eK302eHHUMU) MA POPMYBAHHAM, NOUUPEHHAM [ XIMIUHUM CKIAOOM NIO3EMHUX MIHEPATbHUX BOO.
Ocobnusa ysaza npuoiiaemvbcsa poii Mazmamusmy, 8YJIKAHIZMY, MeKMOHIUHUX PYXi6, XIMIYHO20 ma
QizuuH020 UBIMPIOBANHS 2IPCLKUX NOPIO, A MAKONC KAPCMOBUX NPOYECI8 Y CMBOPEHHI YHIKANbHUX
PO00BULY MEPMATILHUX 800. ABMOpU aHANI3VIOMb MAKI NOKASHUKU 2€0102i4HOT akmugHoCmi, K celi-
CMIYHA, 8YIKAHIYHA MA 2I0pOMEPMANbHA AKMUBHICIb, A MAKOXHC 2e0XIMIUHI Ma 2e0Qi3udHi NOKA3HU-
KU, WO 00380JIAI0Mb 3PO3YMIMU OUHAMIKY 3eMIT ma NpocHO3y8amu nPupooHi asuwa. 3Hauna yeaza
NPUOINAEMbCA YIMIOWUM BILACMUBOCAM MEPMATLHUX 800 MA iX BUKOPUCMAHHIO 6 DallbHeomepanes-
MUYHIT NPAKmuyi 015 JKY8AHHA PI3HUX 3aX80prodanb. OKpemo eudinaemucs nomenyian Yxpainu y
BUKOPUCIMAHHI 2e0MEPMATIbHUX PECYPCi8, 30KpemMda, Ha200WYIOmbCa Ha 3HayHux ix 3anacax ¢ Kap-
namcwvkomy pezioni ma ¢ Kpumy, a makooc y Ilonmascwkiti ma Xapkiecokiu ooracmsx. [locniosxceno
8 navgioomiwiux mepmanvrux oxcepen 3axkapnamcwvkoi oonacmi. Lle: mepmanvui 600u Kocurno 6 ceni
Kocuno, 0300posuuii komnnekc Katisopornok y micmi Bepecose, mepmanvui wanu cena Jlymuwopu,
pexpeayitinuii komniexc Tenni Boou e ceni Bensamuno, komnaexc 3onoma Iopa 6 ceni bapginok, ak-
sanapk Kapnamis ¢ micmi Mykauego, cna-komnnexc Apartel Rikka Khust y micmi Xycm, komniexc
epeniecoka Kynine y ceni Huocne Conomeuno. Pozensanymo nepcnekmusu po3eumky 2eomepmans-
HUX MexXHOoN02ill 8 YKpaini ma ocobaueocmi posmauty8anHs pooosuwy. Y cmammi Ha2on0uyemvcs
HA 8ANHCIUBOCTIT CINANLO20 BUKOPUCMAHHS 2e0MEPMATbHUX PECypCi8 01 3anobicanHs GUCHANCEHHIO U
He2amueHoMy 6NAUBY IX eKCHIAyamayii Ha HABKONUWHE cepedosuiye. 3a3Ha4YacmvCsl, Wo mepmanbhi
odicepena € He uule 00’ €KmMom nPUPOOOKOPUCMYBAHHS, A U NPOCIMOPOBUM ABULLEM, sIKEe NOMPedye
OuHamiuHo20 Monimopuney. Bpaxoeytouu cyuacny cumyayito 6 Yxpaini, ocoonueo na 3axapnammi,
MepManbHi 600U 88AHCAIOMbCS HAO3BUUALHO BANCIUBUM PECYPCOM, AKUN NOMPeDYE HANEHCHO20 2e0-
0€e3UUHO20 MOHIMOPUHZEY O/ 3a0e3neyeH s Cmano2o QyHKYIOHYBAHHSA KYPOPMHUX 30H ma 30epe-
JHCEHHSL NPUPOOHO20 DANIAHC).

Kuro4oBi cj10Ba: reosiorivHi nporecu, MiHepalibHI BOJIU, OabHEOTEpalis, cTajle BAKOPUCTAHHS,
re0Ie3NYHUN MOHITOPHHT.

Formulation of the problem. In the modern
world, where the development of resort business,
medical rehabilitation and sustainable nature man-
agement are high on the agenda, the availability of
therapeutic thermal springs and the search for the
ways to their best use are becoming particularly
important. With this in mind studying the interre-
lationships between the complex geological pro-
cesses that form underground mineral waters and
the potential for their use in the resort business and
balneology play an important role [1, 2].

As a number of resort and recreational areas
in the eastern and southeastern parts of Ukraine
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are currently under the temporary occupation,
the role of its western regions, in particular
Transcarpathia, in the balneological sphere is
growing significantly. The uneven distribution
and complexity of a number of hydrothermal
water deposits in Ukraine carries the risk of
their depletion and negative impact on the envi-
ronment with intensive use of these deposits in
balneology and resort business [3]. Therefore,
research into the geological prerequisites for
their occurrence and potential for the use in
resort management and balneology is of a par-
ticular importance.
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Analysis of recent research and pub-
lications. These issues are addressed by
Khanas, U. Ya., Popyk, M. M., Lemko I. S., Kir-
tich L. P., Zharnikova R. S., Fekishgazi B. M.,
Gabchak N., Gorbey S., Tsymbal O., and others.

The availability of thermal waters in a par-
ticular region is determined by the specifics of
the geological structure of the territory and deep
processes in the Earth's interior, in particular
active volcanism, tectonic activity and geody-
namics, which could contribute to the formation
of a high-temperature thermal field. In addition
to high temperatures in the Earth's interior, a
prerequisite for the formation of thermal water
deposits is the presence of reservoir rocks that
prevent their migration [4].

The relationship between underground min-
eral water deposits and geological processes
is very close and multilateral. Geological pro-
cesses, both endogenous (internal) and exoge-
nous (external), play a key role in the formation,
distribution, and chemical composition of min-
eral waters [5].

Identification of previously unresolved
aspects of the problem. The historical stages of
thermal mineral water usage for spa and health
improvement were unresolved previously. The
analysis of interconnections between thermal
mineral water deposits and geological processes
was made previously without taking into account
usage of thermal mineral water for health
improvement. The classification of geothermal
(thermal) waters was made without any attention
to their usage in balneotherapy, spa medicine and
hydrogeology. The research of thermal waters
distribution in Ukraine was out of date and need
to improve nowadays. The regulatory and legal
framework for the functioning of resort system
in Ukraine need to be optimized. The investiga-
tion of most popular destinations of medical and
health tourism in Transcarpathia was out of date
and need to be actual.

Setting the task. The purpose of the article
is to present an integrative approach that effec-
tively combines geological, morphological, tech-
nical, technological, economic, organizational,
therapeutic, medical and rehabilitation aspects
of the use of thermal waters in balneology and
resort business. Although each of these aspects is
studied separately, their comprehensive consid-
eration, especially with a focus on the national
potential, is important. The main task of this
study is to summarize and systematize informa-
tion about the location, conditions of occurrence
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and exploitation, medical and rehabilitation char-
acteristics and potential of thermal water depos-
its in Ukraine for their rational use in balneol-
ogy and resort business, which is a fundamental
problem for the development of effective strat-
egies for medical rehabilitation and balneology.
To achieve the goal, we suggest to solve the fol-
lowing tasks: — to investigate historical develop-
ment of thermal mineral water usage for spa and
health improvement; to analyze interconnections
between thermal mineral water deposits and geo-
logical processes; to classify geothermal (ther-
mal) waters used in balneotherapy, spa medicine
and hydrogeology; — to investigate distribution
of thermal waters in Ukraine; — to summarize the
regulatory and legal framework for the function-
ing of resort system in Ukraine; — to identify the
most popular destinations of medical and health
tourism in Transcarpathia.

Summary of the main research material.
Resort treatment with the use of geothermal
waters has been known since ancient times: var-
ious buildings for hydrotherapy in places where
hot mineral waters emerge were prototypes of
modern balneological resorts. Information about
the healing properties of the waters spread far
beyond the areas where the springs were located.
Hot mineral springs and other healing natural
factors became the basis of the healing secrets
of temples. Legends, architectural and artistic
monuments reflect the use of thermal mineral
waters by cult servants to perform rituals and, at
the same time, to demonstrate the healing of the
sick people. For example, the Rigveda, the oldest
monument of Indian literature, contains informa-
tion about ‘sacred pools’ at temples, into which
sick people were immersed. The works of Chi-
nese scientists also mention sources of hot heal-
ing waters. The Old and New Testaments mention
the Pool of Siloam, the sacred lake of Bethesda
near Jerusalem. Aristotle's works mention the use
of thermal mineral waters for medicinal purposes
in Ancient Greece; Plutarch testifies that the hot
springs on the island of Euboea attracted sick
people from the most remote areas. This is how
the tradition of building accommodations for vis-
itors in therapeutic areas came about [1].

The remains of capital structures at carbon
dioxide water springs in the vicinity of the mod-
ern St. Moritz resort in Switzerland are among
the most ancient material evidence of thermal
water treatment dated back to the Bronze Age.
Ruins of ancient spa facilities have been found in
Greece. History provides numerous examples of
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the Romans not only using mineral water treat-
ment facilities that existed in the conquered ter-
ritories but also borrowing the related religious
cults. Ruins of these facilities from the Roman
period are preserved in the area of the modern
thermal balneological resorts of Beile Hercu-
lane and Sangeorz-Beu in Romania, Budapest
(ancient Aquincum) and on the shores of Lake
Balaton in Hungary, in the Varazdin Toplice and
Dobrna resorts in the former Yugoslavia, in His-
arya in Bulgaria, Baden in Switzerland, Baden in
Austria, Wiesbaden in Germany, Aix-les-Bains
in France, Bath in Great Britain, near Timgad
in Algeria and elsewhere. There were numerous
resorts with mineral springs in Italy, especially
in Lazio and on the coast of the Gulf of Naples.
The resort of Baiae (now Baia) with its terraced
thermal baths was very popular. It was a favorite
vacation spot for the Roman nobility thanks to its
picturesque coastline and mineral springs; villas
belonging to Marcius, Pompey, Caesar and oth-
ers were located here. Virgil's Aeneid describes
the thermal healing spring of Aquae Albule. Dur-
ing the empire, a grandiose balneological com-
plex with a pool for 1,000 people and villas for
aristocrats was created here. Emperors built lux-
uriously equipped baths in Rome on the sites of
hot mineral springs. Therefore, it can be assumed

that thermal mineral waters were the natural
factor contributing to the emergence of the first
resorts. In the early Middle Ages, Plombieres-
les-Bains and Aachen were famous thermal
resorts and favorite vacation spots of Emperor
Charlemagne. Later, the mineral springs of Spa
and Cotter became famous and the Abano Terme
springs known in ancient times regained their
glory (from the 13th century) [1].

Nowadays, geothermal waters are found all
over the world, but their concentration is higher
in areas with active tectonics and volcanism.
Thus, balneological resorts with nitrogen-silicon
thermal waters are common in the regions of pre-
dominantly Alpine folding: Tskhaltubo, Tsanchi
(Georgia); Alma-Arasan (Kazakhstan); Issyk-
Kul resort area, Issyk-Ata (Kyrgyzstan); Obi-
Garm, Khoja-Obi-Garm (Tajikistan); Nalchik
(Russia); Yevpatoria (Ukraine), Gorna Banya
(Bulgaria), Coteaux (France) [1].

Geothermal waters are classified according
to temperature, acidity, mineralization level and
hardness. The variety of these indicators allows
using these waters in various areas of balneother-
apy and medical rehabilitation (Table 1).

Thermal waters have healing properties due to
their high content of minerals and trace elements.
They are used to treat diseases of the musculo-

Table 1
Classification of geothermal (thermal) waters used in balneotherapy, spa medicine
and hydrogeology
Criterion Category Value range Balneotherapy/spa medicine significance
Cold <20°C Not considered thermal; limited use
Water temperature Subthermal 20-35 °C Moderate therapeutic and health-improving effect
(°O) Thermal 3542 °C Optimal for balneotherapy
Hyperthermal >42 °C Used after cooling
Acidic <6,5 Limited use, dermatology
.. Low acidic 6,5-6,9 Simulating effect
Acidity(pH) Neutral 7,0-7.5 Most universal
Alkaline >175 Gastrointestinal tract and skin diseases
Very weak <1 Drinking treatment
Weak 1-3 General health effect
Mineralization (g/I) Moderate 3-10 Balneological treatment
High 10-35 Limited topical use
Saline > 35 Specialized treatment
Very soft <15 Drinking treatment
Soft 1,5-3 Universal use
Hardness (mmol/I) %;gﬁgggse 3-6 Use with caution
Hard 6-9 Mostly topical use
Very hard >9 Technical / specialized use

Source: developed by the authors using Al technology of ChatGPT
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skeletal system, central and peripheral nervous
systems, cardiovascular system, skin, respiratory
organs, etc. Resorts and sanatoriums are created in
the area of thermal springs. For example, resorts
with siliceous thermal waters are recommended
for patients with diseases of the musculoskele-
tal and nervous systems, vein diseases (phlebitis,
thrombophlebitis in the residual stage), as well
as occupational chronic heavy metal poisoning
while hydrogen sulfide thermal resorts are good
for patients with a number of gynecological and
skin diseases [6].

Zakarpattia, Lviv, Odesa, Kherson as well
as Poltava and Kharkiv regions are the most
promising for the development of thermal bal-
neological resorts in Ukraine. There are more
than 30 deposits of almost all types of thermal
waters in the Zakarpattia region. The water tem-
perature at a depth of 2 km is +120°C. The wells
lift this water to the surface with temperatures of
+20 —+61°C. The Transcarpathian artesian basin
consists of the Chop-Mukachevo and Solot-
vyno basins, separated by the Vygorlat-Gutyin-
sky range. It is the lithological and petrographic
composition of the rocks that most influences the
chemical composition of the mineral waters in
this region [7].

The thermal waters whose mineralization var-
ies from 0.35 to 100 g/dm? are found at a depth of
33 to 2050 m in the Transcarpathian region and
are considered as the most promising. The most
famous deposits of carbonated waters in this
region are located in Uzhhorod (cold and thermal
waters), Vyshkov (thermal), Shayan, Bushtyno
(cold), Berehove (thermal), as well as springs
in the area of the village of Velyka Dobron, the
town of Chop and within the Vyshkovskyi ore
field. The most famous resorts with carbon diox-
ide waters in Ukraine are Polyana, Svalyava,
Soimy and Shayan [8].

Foothill depressions, platform depressions,
intermountain depressions and depressions of
ancient and young mountain fold region are the
most favorable structures for the formation of
sulfide thermal waters. These structures are very
often have oil and gas deposits. Weakly sulfide
thermal medicinal waters are developed in sepa-
rate areas of the Transcarpathian depression. The
largest deposit, Sinyak, is located on the slopes
of the Vygorlat-Gutyinsky range within the
development of Neogene volcanogenic rocks.
Most of the sulphide water sources are located
along the north-eastern edge of the Solotvyno
Depression [9].

Siliceous thermal mineral waters are among
the most common and valuable mineral waters
in Ukraine. Silicon is a specific component in
their composition and the main source of sili-
con is quartz and silicates [10, 11]. The diversity
of the chemical composition of thermal waters
specifies their wide range of uses in balneother-
apy. Derenivska Kupil, Kosyno, Berehove, the
Khust-Vynogradiv resort and recreation area are
worth mentioning among the most prominent
resort areas in this category of silicon thermal/
subthermal waters. (Table 2).

Based on Article 1 of the Law of Ukraine
On Resorts the above-mentioned destinations
are included in the list of therapeutic and health
resorts, as they have mineral and thermal waters
good for treatment, medical rehabilitation and
disease prevention [12].

Underground therapeutic thermal waters can
also be used for industrial bottling. The proce-
dure for granting access to such deposits is deter-
mined by the Code of Ukraine on Subsurface
Resources and other acts of current legislation
[13]. In accordance with Article 48 of the Land
Code of Ukraine, sanitary (mining and sanitary)
protection districts and zones are established in

Table 2
Top 8 most famous thermal springs in Zakarpattia region
No Name Location
1 Kosino Thermal Waters Koson village
2 Zhayvoronok Health Complex Beregove city
3 Thermal vats Lumshory village
4 Tepli Vody recreation complex Velyatino village
5 Zolota Hora complex Barvinok village
6 Karpatiya water park Mukachevo city
7 Apartel Rikka Khust spa complex Khust city
8 Derenivska Kupil Complex Nizhne Solotvyno village

Source: composed by the author [16]
36
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these territories [14]. A common feature of ther-
apeutic and health resorts and thermal resorts
is the presence of natural therapeutic resources
that are officially recognized as suitable for treat-
ment, medical rehabilitation and disease preven-
tion. The lands of thermal resorts are built up
with buildings and structures necessary for their
operation, with infrastructure facilities used for
treatment, medical rehabilitation, disease pre-
vention and recreation [15]. Mineral waters and
therapeutic muds, which are natural therapeutic
resources, are extracted in volumes limited by
the central executive authorities that implements
state policy in the area of geological study and
rational use of subsoil resources. The quality of
natural therapeutic resources is regulated by a
special medical (balneological) assessment spec-
ifying the composition of components beneficial
or harmful to humans [12].

Conclusions and prospects for further
research. The study found that thermal waters
are not only an object of natural resource use, but
also a spatial phenomenon that requires dynamic
observation. Geodetic monitoring is a key tool
in preserving the natural balance and providing
the sustainable functioning of the resort areas.
A comprehensive approach to the study of this
resource covering the geological prerequisites
for its formation, physical and chemical, medi-
cal, rehabilitation, health improving and balne-
ological characteristics supports a conclusion of
the strategic importance of using thermal waters
in resort business and balneology. With the intro-
duction of martial law in Ukraine, the role of the
western regions in balneotherapy and medical
rehabilitation has grown significantly. There-
fore, the rational management of thermal water
resources should be based on scientifically sound
approaches that integrate geological research
with medical rehabilitation, balneological resort
and nature conservation strategies and health
care needs.

Therefore, the results of the study confirm the
feasibility of forming a unified national program
for monitoring, preserving and effectively using
thermal waters as one of the key resources for
the sustainable development of resort system in
Ukraine.
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