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The Tyachiv District in Zakarpattia Oblast is one of the most significant re-
gions for the development of karst processes in the Ukrainian Carpathians. The
Uholsky karst massif occupies a special place in its geological structure; it is
formed by thick beds of Upper Jurassic limestones, within which a branched sys-
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tem of karst cavities of various morphological types has developed over a long ge-
ological period.

The region’s karst caves are important components of Ukraine’s geological
heritage. They represent various stages in the development of karst processes and
contain unique secondary mineral formations, underground watercourses, specific
microclimatic conditions and highly specialised ecosystems. Some caves are of
significant archaeological value, as they contain evidence of early human habita-
tion, which substantially enhances their overall scientific importance. A compre-
hensive study of the karst caves in the Tyachiv district enables an assessment of
their scientific, educational, nature conservation and tourism-recreational poten-
tial, as well as the identification of approaches to their rational use in accordance
with the principles of sustainable development and the preservation of geological
heritage [2,6,7,9,10].

The «Romania» Cave, also known as «Druzhba», is the largest karst cave in
the Ukrainian Carpathians and one of the most significant speleological sites in the
Zakarpattia Oblast. It is situated near the village of Mala Uholka in the Tyachiv
district, in the Romania tract, within the Uholsko-Shyrokoluzhansky massif of the
Carpathian Biosphere Reserve. Thanks to its significant morphometric parameters,
the complex structure of its underground system, the diversity of its secondary
mineral formations and its high conservation value, the cave occupies a special
place amongst the geological heritage sites of the Ukrainian Carpathians and is
one of the most promising centres for the development of geological and caving
tourism [2,3].

The cave was discovered in 1962 during comprehensive speleological sur-
veys of the Uholsk karst region. Since its discovery, it has been the subject of sys-
tematic geological, hydrogeological, geomorphological, biospeleological and mi-
croclimatic studies. Owing to its scale and the diversity of its underground fea-
tures, the cave is regarded as a benchmark site for the study of karst processes
within the Ukrainian Carpathians [3].
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Geologically, the cave was formed within a sequence of massive Upper Ju-
rassic limestones, which are widespread within the Ugolsk karst massif. Its for-
mation was the result of the prolonged influence of karst processes driven by infil-
trating waters saturated with carbon dioxide. Over a long geological period, the
dissolution of carbonate rocks led to the formation of a complex system of under-
ground cavities, vertical shafts, galleries, spacious chambers and watercourses.
Together, these processes have formed one of the most complex karst systems in
the Ukrainian Carpathians.

The total length of the explored passages in the cave is approximately 980 m,
the area of the underground cavities is around 1,375 m2, and their volume exceeds
5,500 mé. The maximum depth of the system is around 55 m. The entrance to the
cave is situated at the bottom of a karst sinkhole and consists of a vertical shaft
approximately 20 m deep, which requires the use of specialised caving equipment
and appropriate training when traversing the route [3].

The internal structure of the cave is characterised by considerable spatial
complexity. The system comprises numerous galleries, spacious chambers of vari-
ous configurations, vertical ledges, narrow passages and underground watercours-
es. Current hydrological activity can be observed within the cave: individual
streams, formed as a result of the infiltration of atmospheric precipitation, con-
verge into a single underground flow, which plays an important role in the ongo-
ing development of karst processes. The presence of an active water regime makes
the cave a valuable natural site for studying the mechanisms of modern karst for-
mation and underground hydrodynamics.

The cave’s microclimate is characterised by a high degree of stability. The air
temperature fluctuates between +7 and +9 °C throughout the year, whilst relative
humidity reaches around 98 per cent. Such conditions favour the continuous for-
mation of secondary carbonate deposits and support the existence of specific cave

ecosystems. The stability of the temperature and humidity regime is one of the
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main prerequisites for the preservation of unique speleothems and the maintenance
of the natural balance of the underground environment [3].

The cave’s numerous secondary mineral formations are of particular scien-
tific and aesthetic value. Its various chambers feature well-developed stalactites,
stalagmites, columns, flowstone curtains, calcite crusts, draperies and other types

of speleothems, which have formed over many millennia (Fig. 1).

Fig. 1 Interior view of the «Druzhba» cave [3]

Hydrogeological and biospeleological observations play a significant role in
the structure of scientific research. The constant circulation of groundwater, the
specific characteristics of air exchange and the stable microclimate create favoura-
ble conditions for the existence of specialised cave organisms adapted to life in
conditions of constant darkness and high humidity. A comprehensive study of
such ecosystems contributes to a deeper understanding of the functioning of un-
derground natural complexes in the Carpathian region.

From the perspective of the development of geological tourism, the
«Druzhba» cave is one of the most promising geotourism sites in the Zakarpattia
Oblast. The combination of its considerable size, high scientific value, diversity of

karst formations, active hydrological processes and picturesque natural surround-
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ings offers significant potential for the development of specialised speleological,
geological, ecological and educational tourism.

The cave can be used as a base for conducting field training for students of
geology, geography, ecology and biology, as well as for organising themed excur-
sions, scientific expeditions and programmes to promote the geological heritage of
the Ukrainian Carpathians. Of particular value is the opportunity to demonstrate to
visitors virtually all the main stages of karst process development, various types of
speleothems, underground watercourses and the functioning of cave ecosystems.

The comprehensive use of the «Druzhba» Cave, in combination with other
karst features of the Ugolsky Massif, the beech primeval forests that form part of
the UNESCO World Natural Heritage Site, and other natural landmarks of the
Carpathian Biosphere Reserve, creates the conditions for the formation of a major
geotourism cluster of international significance. This approach will contribute to
the development of sustainable tourism, the promotion of Transcarpathia’s geolog-
ical heritage and the improvement of the population’s environmental education.

The «Molochnyi Kamin» stalactite cave is one of the most valuable karst fea-
tures in the Ukrainian Carpathians and is classified as a geological natural monu-

ment of local significance (Fig. 2).

Fig. 2. Entrance to the ‘Molochnyi Kamin’ cave
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It is situated near the village of Velyka Uholka in the Tyachiv district of
Zakarpattia Oblast, within the Uholsko-Shyrokoluzhansky Nature Reserve of the
Carpathian Biosphere Reserve. The protected status of the area, as well as the in-
clusion of the Carpathian beech primeval forests on the UNESCO World Heritage
List, highlight the special conservation and scientific value of this locality.

The cave’s protected status was established by Decision No. 414 of the
Transcarpathian Regional Executive Committee dated 18 November 1969. Even
earlier, in accordance with Resolution No. 568 of the Council of Ministers of the
Ukrainian SSR dated 12 November 1968, the area was incorporated into the Car-
pathian Biosphere Reserve. The natural monument covers an area of 5 hectares,
ensuring the protection not only of the cave itself but also of the surrounding natu-
ral complex [4].

The cave was discovered in 1963 during speleological surveys of the Uholsk
karst region. The name «Molochnyi Kamin» (Milk Stone) derives from the charac-
teristic white calcite flowstones, which form as a result of water saturated with
calcium carbonate seeping through cracks in the limestone. As the calcite precipi-
tates, white flowstone formations are created, which resemble streams of milk,
hence the cave’s popular name [4].

Geologically, the cave was formed within a thick layer of Jurassic limestones,
which are widely found within the Ugolsk karst massif of the Ukrainian Carpathi-
ans. Its formation is the result of prolonged karst processes caused by the dissolu-
tion of carbonate rocks by atmospheric and groundwater. Over hundreds of thou-
sands of years, such processes have led to the formation of a complex system of
cavities, chambers and passages, which today are of considerable interest to geol-
ogists, geomorphologists, speleologists and conservationists [2,4].

The total length of the cave is 92 m, its area is approximately 489 mz, and the
volume of the underground cavities is around 1,320 m3. Despite its relatively short
length, the cave is characterised by a complex internal structure. It comprises two

levels, several spacious chambers and a system of passages of varying widths. The
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entrance portal, approximately 10 m wide and up to 2.5 m high, provides natural
lighting to the entrance area, creating a unique microclimate and fostering the de-
velopment of specific biological communities [4].

From the entrance, the cave branches into two main passages. The western
gallery is a dead end, whilst the eastern passage leads to the largest chamber,
measuring approximately 10x15 m with a maximum ceiling height of up to 15 m.
Through a narrow passage, it connects to another chamber, where a small tempo-
rary underground stream flows during periods of heavy rainfall. On the upper lev-
el, there is another chamber measuring approximately 5x10 m, which is character-
ised by a significant number of dripstone formations [4].

The cave’s secondary mineral formations are of particular scientific value.
The walls and vaults feature well-developed stalactites, stalagmites, calcite flow-
stone crusts, drapery and organ-like formations resembling the pipes of a musical
organ. These speleothems have formed over a long geological timescale and con-
tinue to form today, allowing the cave to be used as a natural laboratory for study-
ing contemporary processes of mineral formation, changes in the microclimate and
the development of karst systems.

No less important is the cave’s archaeological significance. Research here has
uncovered artefacts indicating that the cave was used by Late Palaeolithic people
approximately 20,000 years ago. The archaeological finds consist of stone tools,
traces of the daily lives of ancient hunters and other artefacts, which enable us to
reconstruct the characteristics of settlement in the Transcarpathian region during
the final period of the Ice Age. Thus, the cave is not only a geological site but also
an archaeological and historical-cultural site, which significantly enhances its
overall scientific value [2,4].

From the perspective of the development of geological tourism, the «Mo-
lochnyi Kamin» cave ranks among the most promising geotourism sites in the
Zakarpattia region. The combination of high aesthetic appeal, geological unique-
ness, archaeological heritage and conservation status creates the conditions for the
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development of a modern tourism product tailored to different categories of visi-
tors.

A key advantage is the site’s relatively easy accessibility. An eco-trail ap-
proximately 2.2 km long has been laid from the village of Velyka Uholka to the
cave; the route passes through unique primeval beech forests and the picturesque
limestone outcrops of the Uholka Massif. The absence of significant changes in
elevation makes the route accessible to a wide range of tourists, including families,
schoolchildren, students and older visitors.

Promising areas for utilising the cave in the field of geological tourism in-
clude organising themed geological excursions, conducting educational fieldwork
for students of geology, geography, biology and environmental studies, develop-
ing caving tourism with elements of scientific and educational interpretation, and
creating geological educational

Promising areas for utilising the cave in the field of geological tourism in-
clude organising themed geological excursions, conducting educational field trips
for students of geology, geography, biology and environmental studies, the devel-
opment of caving tourism incorporating elements of scientific and educational in-
terpretation, the creation of geological educational trails within the Carpathian Bi-
osphere Reserve, and the integration of the cave into the regional network of ge-
otourism sites in Zakarpattia.

The «Obvalna» Cave is one of the small karst cavities in the Uholskyi Karst
Region of the Ukrainian Carpathians and is an important part of the geological
heritage of the Zakarpattia Oblast. It is situated near the village of Mala Uholka in
the Tyachiv district, on the southern slope of the Viv cliff, not far from the Buch-
mon stream, within the Uholsk-Shyrokoluzhansky massif of the Carpathian Bio-
sphere Reserve. Despite its modest morphometric parameters, the cave is of con-
siderable interest for geological, speleological and biospeleological research, and
is also a promising site for the development of scientific and educational geologi-

cal tourism.
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The cave was discovered in 1963 during comprehensive speleological sur-
veys of the karst massifs of Transcarpathia. Since its discovery, it has been the
subject of study by specialists in the fields of geology, geomorphology and spele-
ology, as it demonstrates the characteristic features of karst processes in the Juras-
sic carbonate deposits of the Ukrainian Carpathians [5].

Geologically speaking, the cave was formed within a sequence of massive Ju-
rassic limestones, which form part of the flysch-carbonate complexes of the East-
ern Carpathians. Its formation is linked to processes of karst dissolution of car-
bonate rocks under the influence of infiltrating atmospheric water saturated with
carbon dioxide. The cave’s morphological features also indicate the significant
role played by gravitational processes, primarily the collapse of individual rock
blocks, which gave rise to its name. Such processes are characteristic of karst mas-
sifs with a well-developed system of fissures and active denudation [2,5].

The total length of the cave is 34 m, its area is approximately 20 m?, and the
volume of the underground cavities reaches 39 ms3. The maximum depth does not
exceed 2 m, which indicates its horizontal development and ensures relatively safe
access to the inner parts. Despite its compact size, the cave is an important natural
site for studying karst processes, microclimatic features and the functioning of un-
derground ecosystems [5].

One of the cave’s distinctive features is its stable microclimate. The air tem-
perature remains at around +8 °C throughout the year, whilst the relative humidity
is close to 100 per cent. Constant air circulation ensures a balanced temperature
and humidity regime, which is a key factor in the existence of the cave’s unique
biota. This is precisely why the cave is of considerable interest for biospeleologi-
cal research aimed at studying the adaptation of living organisms to the extreme
conditions of the subterranean environment [5].

Unlike most karst caves in the Ugolsky Massif, «Obvalna» is virtually devoid
of secondary calcite formations. No significant development of stalactites, stalag-

mites, flowstone or other speleothems has been recorded here, nor are there any
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crystalline mineral formations. This characteristic is linked to the hydrogeological
conditions governing the cave’s functioning, the intensity of infiltration processes
and the specific nature of groundwater circulation. The absence of active contem-
porary calcite formation does not diminish the site’s scientific value; on the con-
trary, it allows for the investigation of alternative mechanisms governing the de-
velopment of karst cavities and the characteristics of their evolution.

In the context of the development of geological tourism, the «Obvalna» Cave
holds promise as a component of comprehensive geotourism itineraries in the
Ugolsk Karst Region. Despite the absence of distinct dripstone formations, the site
demonstrates other aspects of the geological evolution of karst systems, making it
suitable as a field site for students of geology, geography, ecology and biology.
The cave can be included in themed excursions focusing on karst formation pro-
cesses, the geological history of the Carpathians and the functioning of natural un-
derground ecosystems.

An additional advantage is the cave’s location within one of Ukraine’s most
valuable nature conservation areas. The route to the site passes through the Ugols-
ko-Shyrokoluzhansky Massif of the Carpathian Biosphere Reserve, which is char-
acterised by high landscape diversity, well-preserved beech primeval forests and
numerous outcrops of Jurassic carbonate rocks. Such a concentration of geological
and natural features creates favourable conditions for the development of compre-
hensive ecological, geological and educational tourism.

An analysis of the karst caves in the Tyachiv District of Zakarpattia Oblast
shows that they are among the most valuable sites of the geological heritage of the
Ukrainian Carpathians. The ‘Romania’ (‘Druzhba’), ‘Molochnyi Kamin’ and ‘Ob-
valna’ caves are characterised by significant geological, geomorphological, hydro-
geological, biospeleological and conservation value. Their formation is linked to
the development of karst processes in the Upper Jurassic carbonate deposits of the

Uholsk Massif, which is one of the most representative karst regions in Ukraine.
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The caves studied differ significantly in terms of their morphometric charac-
teristics, internal structure, the development of secondary mineral formations, hy-
drological regime and accessibility to tourists, which ensures their complementari-
ty within the structure of geotourism routes. The «Romania» Cave is the largest
karst system in the Ukrainian Carpathians and is of exceptional importance for the
development of specialised caving tourism. «Molochnyy Kamin» combines geo-
logical and archaeological value, demonstrating high potential for the development
of scientific and educational tourism. The «Obvalna» Cave, despite its relatively
small size, is an important site for the study of modern karst processes, the under-
ground microclimate and cave ecosystems.

The unique combination of karst caves with the beech primeval forests of the
Carpathian Biosphere Reserve, picturesque landscapes and other geological sites
provides the foundation for the development of a regional geotourism cluster of in-
ternational standing. Promising areas for development include the creation of
themed geological routes, the integration of caving sites into the network of ge-
otourism destinations in Zakarpattia, the introduction of modern information and
interpretation technologies, the development of field-based educational pro-
grammes, and the promotion of Earth sciences amongst the general public.

At the same time, the effective use of caves for tourism is only possible pro-
vided that the principles of sustainable use of natural resources are observed. The
preservation of the natural microclimate, secondary calcite formations, under-
ground ecosystems and archaeological heritage requires a regulated visitor regime,
continuous monitoring of the condition of natural complexes and the implementa-
tion of modern nature conservation measures.

Consequently, the karst caves of the Tyachiv district are not only important
sites of Ukraine’s geological heritage, but also promising centres for the develop-
ment of geological tourism, capable of combining nature conservation, scientific
research, environmental education and the sustainable socio-economic develop-

ment of the Zakarpattia region.
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