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of geology, educational activities and tourism business needs. Lviv is a city with high geo-

tourist potential due to its unique geomorphological, geological position, well-developed
tourist infrastructure, good information support and a large concentration of unique easily accessible diverse geo-tourist objects. The
study of urban geosites for the needs of geotourism, the study of potential objects illuminating the interconnection of geology and
architecture in the development of the historical urban landscape in Lviv have only just begun. Currently, there is a summarized short
characteristic of the urbanistic complex of Lviv’s geotourist sites and their classification was developed. They are divided into two
supergroups (natural, anthropogenic), four groups (natural formations, natural processes, geotourism trails, natural-cultural, mining),
two subgroups (polytypic, monotypic), 11 types and 19 categories. The geotourist sites of Lviv have scientific, cognitive, cultural-
aesthetic value, are easily accessible, important for the educational process and in the case of their popularization will become attractive
geo-tourist attractions. They are an important link for restoring Earth’s history, exhibiting the geological structure of Lviv’s territory,
demonstrating new approaches to geotourism that combine nature, history and culture. Their study will allow the geomorphological
and geological features of the city to be shown , allow us to get acquainted with the history of geological development, and help draw
attention to the stone material used in the organization of urban space. Combining stone monuments with the cultural and tourist aspect
is a great approach for disseminating geological knowledge.
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YpOaHicTHYHNI KOMILIEKC Te0TYPUCTHYHHUX 00’ €KTiB MicTa JIbBoBa (3axinHa Ykpaina)
V. I. bopusik, A. B. Isanina, I. I. T'onantok, 1. B. [llaiinora

Jlvsiscokuil HayionanvHuu yHieepcumem imeni leana @panka, JIveis, Ykpaina,
u.bornyak@ubkr.net, ant_iv@ukr.net, hotsanyuk@ukr.net

AHoTanisi. JIbBIB MiCTO 3 JaBHBOIO iCTODI€IO, SIKE JIETKO IIPUCTOCYBATH JUIS 3alPOBADKEHHS HOBOTO JUTsl YKpalHU HAINPSIMY — MiCBKOTO
reoTypusmy, abo ypbanreotypusmy. Mickkuii reoTypH3M — i€ iHHOBaITifHa (popMa TypU3My, OCHOBOIO SIKOTO € BUKOPHUCTAHHS 00’ €KTIB
Cy4JacHUX MICT ISl TIOIyIsIpr3anii reosIorii, IPOCBITHHUIBKOT IsITBHOCTI 1 HOTPed TypHCTHYHOTO Oi3Hecy. JIBBIB — MIiCTO 3 BUCOKHM
TEOTypUCTUYHUM TOTSHIIATOM 3aBISIKH YHIKaJIbHIH TeOMOPQOIOTiUHIN, reoyoriuHiii mo3umii, 1o0pe pO3BHHEHIH TYpPHCTHYHIN
iHQPACTPYKTYpi, XOpoIoMy iHpopMaiiHOMy 3a0€3MECUCHHIO 1 3HAUHIM KOHIIEHTpALil YHIKaJbHUX JIETKOAOCTYIHUX Pi3SHOMAHITHUX
TeOTYPUCTHYHUX 00’€KTiB. BuBUeHHs ypOaHICTHYHHX CaifTiB Ui MOTpPed reoTypU3My, JOCIIDKEHHs MOTCHIIHHUX 0O0)Y€EKTIB, IO
BHUCBITJIIOIOTH B3a€EMO3B)SI30K I'€0JIOTii Ta apXiTeKTypH Y PO3BUTKY iCTOPHYHOTO MichbKoro JlanamadTy y JIbBOBI JIMIIIe 3a1o4aTKOBaHe.
Hapa3i HaBeneHa y3arajbHeHa CTHCIIA XapaKTEepUCTHKA YpOaHICTUYHOTO KOMIUIEKCY T'eO0TypHCTHYHUX 00’ €eKTiB JIbBOBa 1 po3pobiieHo
ixHro kinacuikaiiro. Bonn nmoaineHi Ha qBi HaATpymu (IPUPOIHI, AaHTPONIOTEHHI), YOTUPHU TPyNH (MIPUPOAHI YTBOPEHHS, IPUPOIHI
MPOIIECH, TEOTYPUCTUYHI TPACH, IPUPOJHO-KYIBTYPHI, FIPHHYOIIPOMUCIIOBI), B MiArpyNH (MOMITUIIHI, MOHOTUIHI), 11 THmiB 1 19 ka-
Teropiif. ['eotypuctuyni 06’extr JIbBOBa MalOTh HAyKOBY, Ii3HABAIBHY, KYJIbTyPHO-€CTETUYHY LIIHHICTb, JIETKOJAOCTYIIHI, BAYKJIUBI 115
HaBYAJILHOTO TIPOIIECY 1 B pasi X momynspu3anii cCTaHyTh IPUBAOIMBUMH I€OTYPHUCTHYHUMH aTpaKiisiMi. BOHM € BayKJIMBOIO JIAHKOIO
JUISL BITHOBJICHHSI iCTOPIT 3eMili, eKCIIOHYBaHHS Ie0JIOriYHOT Oy/I0BH JIbBIBCHKOT TEPUTOPIi, IEMOHCTPYIOTH HOBI IIJIXO/H JIO T€OTYpPH3MY,
10 TIOEAHYIOTH TIPHPOLY, iCTOPi0 Ta KyIETYpPy. IXHE BHBUEHHS JO3BONHTH IIOKA3aTH IeoMOP(OIOTiuHi Ta TeONnOriuni 0cO6MMBOCTI
MicTa, 03HaHOMHTHCS 3 ICTOPI€I0 TeONIOriYHOr0 PO3BUTKY, IPHUBEPHYTH YBary 0 KaM’SHOTO Marepiaiy, 1[0 BUKOPUCTOBYBAIIH HPH
opranizanii Micekoro mpocropy. Croixy4eHHs KaM STHAX IaM’ SITOK 3 KyJbTYPHO-TYPUCTHYHHUM aCIIEKTOM € BIAMIHHUM ITiXOA0OM IS
HOILIMPEHHS TCOJIOTIYHNX 3HaHb.

Kniouogi crnosa: ceomypusm, MicoKuii 2eomypusm, 2eomypucmuyni ob’ekmu, npupooni ma anmponozenni caiimu, JIv6ie
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Introduction. Geological tourism (geotourism) is a
new direction for tourist activity. The definition: «ge-
otourism is the provision of such services and educa-
tional support, so that, in addition to aesthetic impres-
sions, tourists have the opportunity to gain knowledge
about the features of the geological structure of the ter-
ritory» was first cited by British scientist Thomas Jose
in 1995. (Slomka, Kicifiska-Swiederska, 2004), and in
2004 the term «geotourism» was officially approved
by the National Geographic Union. In the early twen-
ty-first century geotourism has received international
publicity (Migon, 2012; Ross, Dowling, Newsome,
2006; Wimbledon, SmithMeyer, Erikstad, Brilha, van
den Ancker, 2013 and others) and gained popularity
in Ukraine (Denysyk, Strashevskaya, Korinnyj, 2014;
Khomenko, Isakov, Manyuk, 2018; Manyuk, 2015;
Malska, Zin’ko, Shevchuk, 2014 etc.). The main pur-
pose of geotourism is to promote and introduce into
the tourism industry geotourism objects (or geotour-
ism attractions) - geological objects and phenomena
that are of interest to tourists. The objects of geotour-
ism are diverse (Denysyk, Strashevskaya, Korinnyj,
2014; Grytsenko, Korniyets, Rusko, Yarozshuk, 2001
and others). These are geologic landmarks that are
protected and are in the list of a geological heritage;
geoparks nature conservation areas with a high con-
centration of interesting abiotic formations; geosites
without protection, but which are important for dem-
onstrating features of the geological structure of local
areas of the Earth; objects that have arisen as a result
of human activity (man-made landforms, works of
material culture, museums and other exhibitions), etc.

For the successful implementation of geotourism
activities, it is important, first of all, that there are
territories with high geotourism potential with
numerous and varied geological features (which are
attractive, have scientific, cognitive value, capable
of forming world-view principles and aesthetically
pleasing); second, appropriate management and, third,
infrastructure. All these requirements are met by the
urbanized territories of large cities, in which it is easy
to introduce new types of tourism for Ukraine - urban
geotourism. Urban geotourism is an innovative form
of geotourism, the basis of which is to use the objects
of modern cities to promote geology, educational
activities and tourism business needs. This area of
geotourism in the world has only just begun to evolve.
Among the main tasks of urban tourism is to identify,
study and characterize interesting geoattractions in
cities and develop geotrails. Such research is currently
only being undertaken in some major cities: London,
Lisbon (Rodrigues, Machado, Freire, 2011), Rome
(Del Monte, Fredi, Pica, Vergari, 2013); and small
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towns (Gorska-Zabielska, Zabielski, 2017) in Europe;
Sao Paulo (Brazil) (Del Lama, Bacci, Martins, Garcia,
Dehira, 2015), Mexico City (Mexico) (Palacio-Prieto,
2015) etc.

Lviv is a city with an ancient history and rich
architectural heritage, known primarily forits historical
and cultural values. The historical architectural and
urban development complex of Lviv (central part of
Lviv with the ensemble of St. George’s Cathedral and
mountain Vysokiy Zamok) with an area of about 120
hectares and a buffer zone (2441 hectares) has been on
the UNESCO World Heritage List since 1998 (www.
unesco.org). Characteristics of the territory of the
ensemble, interactive maps, coordinates of historical
sites, etc. are listed on the website of the Lviv City
Council (www.lviv.travel).

But only a few people know that there are
numerous and varied urban geosites within
Lviv, reflecting its natural and natural-cultural
heritage, showing the connection between geology,
geomorphology and urban development, and
which are interesting geo-tourist objects. These are
landscapes with a great variety of natural conditions,
contrast, with differentiated relief, caused by the
peculiarities of the geological structure, numerous
expositions of different geological periods layering
sediments, springs, paleontological objects, etc.

The natural heritage of Lviv is unique, due
to its specific tectonic and geomorphological
position. It is located at the conjunction of two big
geomorphological regions: Podilskyi and Volyn-
Malopoliskyi. Within the limits of Lviv, the Podilskyi
geomorphological region is represented by structural-
denudation of residual heights with absolute markings
of 330- 390 m of Roztochchya, Lviv Opillya and the
Davidovsky horseback of Rozotsko Obil subregion.
The hypsometrically low (absolute marks 220-270m)
accumulation-denudation height of the Pasmovy
(Gryadove) Pobuzhzhya of Small Polissia is the
part of the Volyn-Matopolska region (Matolych,
Kovalchuk, Ivanov, 2009). Through the highest points
of Roztochchya, Lviv Opillya and the Davidovsky
horseback, Lviv crosses the Great European watershed,
dividing the river basins, some of which flow into the
Baltic and the other into the Black Sea.

Intectonically, these geomorphological units
correspond to the following tectonic blocks: the
Buskomitted block (the Pasmovy (Gryadove)
Pobuzhzhya) of the Eastern European Platform and
two raised Roztochchya and Lviv (probably the
Western European Platform) blocks (Derzhavna
geologichna karta Ukrainy, 2004): The raised blocks
are separated from the lowered by a steep erosion-
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tectonic ledge 120- 135 m high; differing geological
structure, stratigraphic completeness, the thickness,
age, the composition of rocks and fossils.

The geological structure of Lviv was studied by
A. Alt, M. Lomnitsky (Lomnicki, 1884), O. Vyalov,
I. Venglinsky, V. Horetsky (Venglinskyi, Goretskyi,
1979), L. Kudrin (Kudrin, 1966), 1. Kruglov, O.
Kruglov (handwriting), P. Voloshin and others. The
term «urban geotourism» was introduced recently, but
interesting geological sites and the first trails for getting
acquainted with the geology of Lviv were described
in the 1960s. (Vyalov, Goretskyj, Kudrin, Pasternak,
1954; Babynec, Burov, Vyalov et al., 1958). On the
territory of Lviv, there are rocks of different age:
Cretaceous (Maastrichtian), Neogene and Quaternary.
In the Busk block, the Maastrichtian deposits of the
Cretaceous are with disconformities covered by
Quaternary sediments. In the raised tectonic blocks,
the sequence is generally more complete, heavier,
composed by Cretaceous carbonate rocks, Neogene
terrigenous-carbonate deposits of Langhian and,
possibly, Serravallian (a common thickness of 60- 114
m) with (bottom-up) Baraniv, Znesen, Naraiv, Ratyn,
Ternopil, Bugle layers (Andreeva-Grigorovich,
Gruzman, Kulchytsky, Ivanina et al., 1997; Hozhyk,
Semenenko, Polietaiev et al. in., 2012) and Quaternary
sediments with thickness of 0.5- 9.0 m.

The modern natural-landscape of Lviv is
caused not only by the peculiarities of the deep
structural-tectonic and geological structure but also
by the management of people. Due to economic
activity, natural landscapes have seriously changed.
Throughout the territory, there are mining sites. They
are the former stone quarries formed during the open
cast extraction of sand, sandstone, gypsum, marls,
limestone .

All this indicates that Lviv, the tourist mecca
of Ukraine, is also a geo-tourist cluster, a city with
significant natural potential, with many interesting
geo-attractions on its territory. But at present, the study
of the territory of Lviv for the needs of geotourism
and the formation of an information-analytical and
empirical database has only just begun.

The main tasks of this stage of research are:

* identification, study, preparation and selection
of interesting geo-attractions;

* systematization and creation of the classification
of geo-tourist objects of Lviv;

* a brief description of the geo-tourism potential
of Lviv.

Materials and methods of investigations.The varied
and numerous natural formations (geological or
geomorphological objects that were naturally formed

and which are the subject of tourists’ interest) and
anthropogenic geotouristic attractions (landforms that
are the result of an engineering-geological activity,
works of material culture, museum exhibitions, etc.)
of Lviv city provide the main research material.

An overview of the techniques and sequence of
operations for the detection, study, evaluation of geo-
tourist sites is presented in Wimbledon, Smith Meyer,
Erikstad, Brilha, van den Ancker, 2013; Denysyk,
Strashevskaya, Korinnyj, 2014; Ivanina, Hotsanyuk,
Spilnyk, Pidlisna, 2018 etc. For now, let’s just high-
light the main elements. The algorithm for estimating
the geotourism potential of the territories is generally
recognized and includes: geological study, conserva-
tion assessment, identification of major natural and
anthropogenic attractions and their passport descrip-
tion, the definition of classifiers and creation of clas-
sification systems of geotourism objects, assessment
of geo-diversity, development of routes of geo-tourist
excursions, determination of tourist and socio-eco-
nomic factors, creation of infrastructure, assessment
of the profitability of geotourism and more.

The definition of geoattractions and assessment
of their geotourist attractiveness were performed in
stages. In the first stage, the study and detection of
objects used a traditional set of methods: observa-
tion, description, photographic documentation and all
existing geological methods: stratigraphic, geochro-
nological, paleontological, paleoecological, sedimen-
tological, lithological, geomorphological, structural
mapping and so on. In the second stage during the
evaluation and selection of representative objects the
method of the systematic review and comparative
evaluation of geo-tourist sites (Wimbledon, Smith
Meyer, Erikstad, Brilha, van den Ancker, 2013; Ivan-
ina, Hotsanyuk, Spilnyk, Pidlisna, 2018)) was the
main one.

The first attempts to assess the geo-tourism po-
tential of Lviv in general and its individual parts (the
Regional Landscape Park Znesinnia) were made in
2017 (Voloshyn, Slyvko, Knysh, Kremin, Bubniak,
2017; Ivanina, Pidlisna, 2017) and 2018 (Ivanina,
Hotsanyuk, Spilnyk, Pidlisna, Pidlisna, Pidlisna 2018;
Ivanina, Bornyak, 2018). These works are the basis
for identifying and characterizing primarily geosites.
But unlike natural areas (geoparks, national parks,
etc.), the list of geo-tourist sites of cities is much wid-
er. It includes anthropogenic geo-attractions, the vast
majority of which exist only within urban areas.
Results. One of the most complex and least devel-
oped methodological issues is the systematization of
urban geotourism objects, their division into groups,
categories and the creation of an effective classifica-
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Fig. 1. Schematic geomorphological scheme of Lviv, by https: //uk.wikipedia with changes. IIII geomorphological elements: I
Pasmovy (Gryadove) Pobuzhzhya; II Roztochchya; III —-Lviv Opillya. 1 the borders of Lviv, 2 the line of the Great European
watershed; 3 boundaries of geomorphological elements; 4 absolute height; 5 the central part of Lviv with a significant con-
centration of geotourist sites; 6 geosites with legal status (1 Gora Vysokiy Zamok; 2 Gora Leva; 3 Medova (‘Honey’) Cave; 4

Kortumova Gora); 7 Lychakiv Cemetery.

tion system, which would be based on several clas-
sification features and, most fully, reflect the variety
of geo-attractions. The process of systematization of
Lviv city tourism geoattractions has only just begun.
There are currently some classification systems that
are geared to streamline our knowledge about natural
geological objects only. They are based on different
approaches to understanding the subject of research
and apply different systems of classifiers. According
to the authors, the most objective classifications, are
characterized in Gritsenko et al., 1995, 2001; Bezvin-
nyj, et al., 2006; Wimbledon, Gerasimenko, and Ish-
chenko, 1999, which were taken as the basis for the
development of the first urban geotourism sites clas-
sification system by A. V. Ivanina for the Park Zne-
sinnia (Ivanina, Hotsanyuk, Spilnyk, Pidlisna, 2018).
But the diversity of Lviv’s geo-attractions turned out
to be much larger. Therefore, we propose an updated,
improved and modernized classification system of
urban geotourist sites of Lviv with the allocation of
supergroups, groups, subgroups, types and categories
(Table 1).
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It is built on a hierarchical basis, composed
of smaller units subordinate to larger ones. All
objects by origin are grouped into two large
supergroups: natural (natural geologic objects of
inanimate nature) and anthropogenic geotourist
attractions created by human activity. There are
groups defined in subgroups: natural objects and
natural processes are highlighted among natural
geo-objects. Among the anthropogenic attractions
are two groups: natural-cultural and mining
objects. The subgroups that are subordinate to
the groups are defined by the degree of validity.
These are polytypic, or complex (landmarks
that combine features of two or more types of
geological attractions) and monotypic, defined
by one feature. Subgroups on a subject basis are
divided into types. In the subgroups of natural
sites are distinguished the following types:
stratigraphic (typical, or standard, sections
exhibit a sequence of layers and characterize the
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Table 1. Classification of geotourist sites in Lviv

=9
2 g
) 2
: 2
é* Group 7 Type Category Number of
objects
hological . . .
Natura.l % Georporp oogical, Typical sections, erosion remnants Two
formations 55 [ stratigraphic
%‘ Geomorphological, Supporting section, erosion remnants, One
A~ | stratigraphic, speleological | cave
= . . Typical sections Three
5 o | Stratigraphic - -
§ é Supporting section One
é Paleontological Location of fossils One
§ Geomorphological Erosion remnants One
Hydrogeological Springs Many
Natural processes At the detection stage
Natural-cultural Stonewalls of sacred and residential
o Many
buildings
Monument stone Many
Stone for building needs Capstone Many
% Finishing stone Many
2 Brooke Many
a
§ Urban Fossils Fossils in wall and pavement stone At the detection stage
é . Specialized geological museums Four
Museum exhibitions — -
Museum exhibits made of natural stone | At the detection stage
Historic and architectural Buildings associated with well-known .
. . . At the detection stage
sites geologists or geological events
Mining Sand quarry Many

history of the geological development of a certain
section of the crust; supporting sequences of the
stratigraphic units of the local stratigraphic scale,
which determine the station’s volume, age and
structure; paleontological (unique sites of fossils);
hydrogeological (springs), geomorphological
(erosional remnants), speleological (caves of natural
karst origin). Within the group of natural-cultural
objects are identified the following types: stone for
building purposes (wall stone of sacral and residential
buildings, stone of monuments and tombstones,
facing and finishing stone, paving stone). In the min-
ing group, there are categories: former quarries (artifi-
cially created object for the industrial development of
the territory and open pit mining of sand, gypsum or
marl ) and quarry - mining facilities for open pit min-
ing of rock-solid rocks and rocks sandstone.
Geotourist sites were evaluated by criteria
that determine the object’s rating. For the
general characterization of Lviv’s geotourist
sites, the following classifiers are used: legal
status (international, national, regional, local

landmarks or no legal status), conservation
(critical, recommended for improving geological
study), level of protection (especially strict
security mode, limited security mode with no
recommendation for mass tourism, limited security
mode with a recommendation for mass tourism, no
need for protection), significance (global, supra-
regional, regional, local); type of use (scientific
reference, scientific and educational reference,
scientific and tourist (importance for geotourism only),
tourist (importance for tourism in general), priority
(best, unique, first, model,standard), attraction (high,
medium, low), geotourism value (high, medium,
low), etc.

Below is a brief summary of the characteristics of
Lviv’s geo-tourist sites.

There are numerous geological formations in
Lviv. These are outcrops of rocks of different ages
springs, erosion remnants hills. Among the geotourist
sites that are classified as natural supergroups, the
most valuable and attractive for the tourism are 10
geosites, four of which are (Gora Vysokiy Zamok,
Gora Leva, Kortumova Gora, Gora Ratyn with
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Fig. 2. Geological landmark Gora Leva: 1 — schematic stratigraphic column; 2 — general view of the mountain; 3 — outcrops of
sandstone at the top of the sequence; 4, 5 — bivalve molluscs fossils. At the stratigraphic column: 14 — rocks: 1 — sand; 2 — sand-
stones; 3 — marls; 4 — limestone; fossils: 5 — litotamnium algae; 6 — bivalves; 7 — brachiopods.

Fig. 3. Geological landmark Medova (‘Honey’) cave: 1 — schematic stratigraphic column; 2 — general view of the cave; 3 — Ratyn
limestones. Symbols to the stratigraphic column in fig. 2.
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Medova (‘Honey’) cave (Fig. 3) have legal status.
They are local landmarks declared as geological
sites, that require a regime of limited protection
with a recommendation for mass tourism. They are
scientific-educational and scientific-tourist sites with
a high degree of attraction and important for the
noesis of geological development history.

Gora Leva is a polytypic geological landmark
because it belongs to the geomorphological and
stratigraphic categories of geosites. The mountain is
an erosion remnant, on the slopes of which the refer-
ence sections of the Kaiserwald and Ternopil layers
of the Neogene are described (Bezvinnyj, et al., 2006;
Ivanina, Hotsanyuk, Spilnyk, Pidlisna, 2018; Ivanina,
Bornyak, 2018).

Mount Ratyn is a polytypic stratigraphic, geo-
morphological and speleological site. It is an erosional
remnant and a supporting sequence (only in Western
Ukraine) of the Ratyn layers of Neogene, composed
of limestone. The mountain is known primarily for
the horizontal cave (Honey Cave) of karst origin,
which is located in limestones. The cave was entered
in the State Register of Protected Areas in 1970 and
partially described in the Geological Landmarks of
Ukraine (Bezvinnyj et al., 2006).

Kortumova Gora is a geological landmark of
Ukraine since 1970, a polytypic geo-tourist object
since it is an erosion remnant (geomorphological
category) and a reference sequence of the Neogene
of Roztochchya (stratigraphic category); briefly de-
scribed in Geological Landmarks of Ukraine (Bezvin-
nyj et al., 2006).

Gora Vysokiy Zamok is listed in the Register of
Geological landmarks of Ukraine in 1970 (Bezvinnyj
et al., 2000), is a monotypic object of the geomor-
phological category. It is an erosion remnant with the
outcrop of the Kaiserwald layers of the Neogene and
is a favourite vacation spot of Lviv residents and city
visitors.

The other five geosites located in the territory of
the Regional Landscape Park Znesinnia are mono-
typic stratigraphic (typical sequence of the Pasmovy
(Gryadove) Pobuzhzhya; a typical section of the Cre-
taceous and Neogene boundary deposits the only
section within Lviv; a typical section of the Narayev
layers and borders); reference sequence of the Kai-
serwald beds of the Neogene) and paleontological
(unique paleontological site without official status,
described in detail in Ivanina et al., 2016, 2018) cat-
egories. All geosites are important geotouritic objects
with a high degree of geotourist attraction, with con-
siderable scientific, educational and cognitive aesthet-
ic, cultural value, and are the object of geological ex-

cursions and practice sessions, described in scientific
(Ivanina et al., 2016, 2018 and others) and popular
science literature.

Hydrogeologically, the territory of Lviv is
located within the Volyn-Podilskyi artesian basin,
where the main aquifers are confined to Quaternary,
Neogene, and Upper Cretaceous deposits. The most
common is the aquifer in the sandy deposits of the
Neogene Baraniv beds with Maastricht marls serving
as the water resistance. The water associated with
it is low pressure, fresh, mainly calcium carbonate,
with satisfactory physical properties. It is unloaded
in the form of numerous springs along the slopes
of Roztochchya, Lviv Opillya and the Davidovsky
horseback and forms the sources of streams and
the River Poltva. Springs with different flow rates
are located in the picturesque green corners and
are a natural decoration of Lviv. Most of them are
interesting geotourist sites of hydrogeological type. In
particular, at the foot of the northeast slope of the Gora
Vysokiy Zamok, the Neogene aquifer is unloaded in
the form of a highly debit spring, which is mentioned
in historical documents from 1510 and is known as
the Royal Source or St. Mary’s Source (Fig. 5).

History of the formation and functioning of Lviv,
like mostothercities, isrelated to the geomorphological
features of the territory and its geological structure.
After all, the erection of any historic city depends
mainly on the availability and types of natural stone
building materials (natural geological resources)
and defence capability (defensive geomorphological
conditions). Natural stone material has been widely
used throughout the world due to its durability, and its
facilities allow us to see the historical and economic
evolution of cities, to trace the architectural style of
each era, to evaluate the suitability of each type for
various processing for construction use, sculpture,
interior or exterior. The natural stone of the walls of
the buildings is an interesting object of urban tourism
and attracts the attention of both tourists and scientists
(De WEver, Baudin, Pereira et al., 2017; Gorska-
Zabielska, Zabielski, 2019).

The geotouristic objects of the anthropogenic
supergroup in Lviv are numerous and diverse. Their
discovery, research, systematization, cataloguing
and mapping have only just begun. They are divided
into two groups: natural-cultural (stone for building
needs, urban fossils, museum exhibitions, historical
and cultural sites related to geology or well-known
geologists) and mining (former quarries) (Fig. 6).

The historical buildings in the construction of
which natural stone material was used (for walls,
decoration, facing), pavement, road stone determined
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Fig. 4. Geological Landmark Kortumova Gora: 1 — schematic stratigraphic column; 2 — general view; 3 — Naraiv limestones.
Symbols to the stratigraphic section in Fig. 2.

Fig. 5. Geological Landmark GoraVysokiy Zamok: 1 — schematic stratigraphic column; 2 — an outcrop of the Kaiserwald sandstones;
3, 4 — molluscs fossils; 5 — sediments of the Kaiserwald layerssand and sandstone. Symbols to the stratigraphic column in Fig. 2.
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Fig. 6. Types of geotourist objects of Lviv: 1 hydrogeological type of group of natural formations “Royal” spring at the foot of
the northeast slope of the Gora VysokiyZamok; 26 anthropogenic geotourism sites: 2 mining group: a former quarry of limestone
mining on Mount Ratyn; a group of natural-cultural objects: 3, 4 — wall stone (sandstone) of Lviv defensive structures (3 broken
stone; 4 general view of the wall); 5 stone (limestone) sculptures of the Cathedral; 6 wall stone (limestone) of historical build-

ings (Boim’s chapel).

the architectural identity of Lviv. The buildings of the
central part of Lviv, built at different times, show the
trends of stone material usage during certain historical
periods. First used was local stone, which did not cost
much to extract and transport. Mostly it was limestone,
which in the form of broken stone and hewn blocks
we see in the remains of the defensive walls of Lviv
(Fig. 6). The hewn blocks of various lithogenotypes of
limestone are the main building material of the central
part of the city. Here we see sacral and residential

buildings that are built solely from it or in combination
with other material, including bricks. Sandstone was
somewhat less used. During a walk through the city
centre, we have the opportunity to see the main types
of limestones and sandstones mined in Lviv and its
surroundings, their structural and textural features,
fossils, areas of destruction and characteristic forms of
weathering, mineral growths on them. The objects are
all structures of the historical part of Lviv, in which the
stone is not closed to inspection (Fig. 6).
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The interior decoration of these buildings is much
richer, although dominantly there is the alabaster of
different colours (Fig. 7), Devonian black limestone
known as ‘dgbnik’, red-coloured Devonian sandstones
and marble. The use of igneous rocks has become
a hallmark of modern alterations and decorations.
Granite and labradorite are dominant among them.
Other objects where you can see this material are
modern monuments and memorial plaques.

The Lviv cobblestone pavement deserves
particular attention (Fig. 7). The tradition of laying
street cobblestone was introduced in Lviv at the same
time as the start of stone construction (Pihurko, U.
2000). For this purpose, broken stone of various sizes,

paving stones, hewn blocks, face pavers, bar and
mosaic from paving stones were used. Besides, natural
stone paving was used on sidewalks and squares. The
material which was used for the covering is very
diverse. Certainly, the first one used was sandstone,
which was mined in quarries near Lviv. If you look
at the roads in the central part of Lviv today, it seems
that they are mostly made of basalt. However , outside
the central streets we see under our feet a diverse
composition of shapes and colours.

A special place where a unique collection of
different rocks is assembled in a small restricted area
is the cemeteries (Del Lama, E.A., 2018). There are
several historic cemeteries in Lviv, among which the

Fig. 7. Some anthropogenic natural-cultural geotourist sites of Lviv: 1, 2 — the natural decoration stone of the walls of the Chapel
of the Campians of Latin Cathedral (1 — general view of the chapel, 2 — a fragment of the decoration of the wall with alabaster, or
«Rusyn marbley); 3 — urban fossils (prints of the Bivalvia molluscs shell in the wall stone of the City Arsenal); 4 — exposition of
the Paleontological Museum of the Geological Faculty of LNU I. Franko; 5 — pavement of Halytska Square
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main attraction for tourists is the memorial cemetery
“Lychakivsky Necropolis” one of the oldest existing
communal cemeteries in Europe (Fig. 1). On the
graves of the cemetery there are about 500 sculptures,
mostly made of natural stone. Here you can trace the
tendency to use one or another material depending on
the preferences and capabilities of the customer, to
assess the stability of natural stone in the conditions of
‘open-air’, to trace the main causes and directions of
the destruction of various materials. This is a source
of historical information, as well as a unique, very
specific gallery of works of art, both of famous artists
and unknown masters, which makes it an extremely
attractive tourist destination.

In natural wall and road stone of sedimentary
origin, fossil remains of animal and vegetable origin
occur— urban fossils. It is an interesting and specific
object of geotourism and paleontological research,
the study of which requires a special technique, based
mainly on visual observations in conditions of limited
access to the fossils. The urban fossils of Lviv are
numerous in the wall stone of ancient buildings, built
in the XIV - beginning of the XX century. At this time
the construction used the limestone of the Neogene,
which contain fossils of algae, bivalves, gastropods,
sea urchins (Fig. 7), etc.

For scientific-tourist purposes and educational
activities, museum exhibits of specialized geological
museums are important components of natural-
cultural geotourist sites. There are four museums of
geological profile in Lviv: Paleontological Museum
(Fig. 7), Mineralogical Museum, Ore Formation
Museum of the Geological Faculty of 1. Franko Lviv
National University. and paleontological exposition
of the Natural History Museum of NAS of Ukraine.
Their characteristics are in the public domain,
including on their sites.

Different minerals have been mined around Lviv
since ancient times. Anthropogenic influence on the
territory of Lviv is traditionally manifested in the ex-
ploitation of rocks for construction purposes. These
were quarries of sandstone, limestone, marls, gypsum
and later (most intense in the second half of the XX
century) the open-cast exploitation of sand deposits .
Because of the intensive development of deposits

landscapes of Lviv were transformed, anthropo-
genic forms of relief were created, and on the site of
former mining, there are bowls of inactive quarries
that were not reclaimed at one time.

Steep upper and gentle contours, working walls,
soles of quarries that characterize geometry, size of
quarries and their depth have well preserved (fig. 2).
They are classified as monotypic geo-industrial ge-

osites with valuable geological features.

Conclusion. Lviv is a city with high geotourism po-
tential due to the large concentration of unique easily
accessible geotourist sites in the area, well-developed
tourist infrastructure and good information support.
The geotourist sites of Lviv are carriers of histori-
cal and cultural information, an element of the urban
ecosystem. They are a particularly valuable asset to
be preserved in the first place. Most of Lviv’s urban
geoobjects have just started to be explored. They are
divided into two supergroups (natural, anthropogen-
ic), four groups (natural formations, natural process-
es, geotourism trails, natural-cultural, mining), two
subgroups (polytypic, monotypic), 11 types and 19
categories. The main groups of geosites and promis-
ing directions of development of geotourism in Lviv
are briefly characterized. That will allow geomorpho-
logical and geological features of the city to be shown
, allow us to get acquainted with the history of geolog-
ical development, help to draw attention to the stone
material used in the organization of urban space. Lviv
as an urban complex of geotouristic objects has sci-
entific, cognitive, cultural and aesthetic value. All ge-
osites are easily accessible, useful for the educational
process, are an important link for reconstructing the
Earth’s history, exposing the geological structure of
Lviv territory. They demonstrate new approaches to
geotourism that combine nature, history and culture.
Combining stone memorials with a cultural and tour-
ist aspect is a great approach for disseminating geo-
logical knowledge.

Future tasks related to urban geo-tourism in Lviv
include cataloguing objects by geological attractive-
ness and informative nature, laying out routes that
emphasize the relationship between the main stages
of urban planning and geological features of the ter-
ritory, and further exploration of anthropogenic geo-
tourism objects.
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