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Matopolska Wista River Gorge is located in the middle stretch of the Wista valley between Zawichost and Putawy. Its great
portion is supposed to be turned into a geopark safely approachable by tourists along walking trails leading to planned
geosites. While general criteria of geosite selection are oriented on promoting expected interesting attributes of the planned
geopark or, in a special case, on recognizing possible strong geological hazards such as volcanic, earthquake and tsunami
phenomena, the inner problems of tourist safety are not commonly recognized. The Wista Gorge and its close vicinity of
geopark is dedicated to cultural heritage, geological history, landscape and local folklore. The inner hazards of disasters are
created here by steep, slippery paths, collapsible loessial canyons, rock-falls from weathered rock-walls, and high waters of
the nearby river channel running alongside or flooding tourist footpaths. Recognition and preventing measures against such
hazard require determination of the current engineering-geological conditions by testing rock and soil properties along the
gorge, and by checking the likelihood of natural disturbance of the terrain safety. The vulnerability of exposed rocks to pro-
cesses of natural erosion, steady weathering progress, turning steep clayey bluffs into slippery ground, and to an impact of
long-term anthropogenic factors had to be recognized, checked, and tested for a final assessment of suitability of the se-
lected place to serving as a geopark. The special prognostic procedure of engineering-geological hazards was recom-
mended, applicable prior to the geopark planning stage. The procedure encompasses a thorough assessment of possible
safe accessibility to particular geosites in the area designated to become a geopark. The suitability of the selected area to
serving as a geopark was, thus, analysed methodically with regard to a detailed engineering-geological and geomechanical
evaluation of possible hazard factors within the whole terrain. Proven engineering geological methodologies were employed
for the hazard assessment procedure. Each of the factors was subjected individually to close examination, with results re-
corded into a GIS integrated informative layer, and envisioned upon digital thematic maps. These maps remain to be used for
the preparation of regional suitability maps of specific engineering-geological conditions.
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INTRODUCTION common Upper Cretaceous and locally Paleogene and Neo-
gene carbonate rocks from easily accessible, exposed slopes

of the river, have been favourable to building industry prosper-

The gorge of the Wista River in Matopolska is a unique cul-
tural and environmental assemblage, whose geodiversity al-
lows for establishing a geopark (Alexandrowicz and Miskiewicz,
2007). The geodiversity comprises the regional and prehistoric
settlement and mining heritage as well as fortified and sacral ar-
chitectural objects built of local stones, richness of
geomorphological landforms and geological sites of scientific
significance. Besides, the valley of middle Wista is a special
area of a well-known historical water trade route from southern
Europe to the Baltic Sea. It has made a significant impact on
economic development of the region and a unique style of the
Middle Age and Renaissance stone architecture. Availability of
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ity. Following the development of the mining of siliceous lime-
stone rocks (opoka), commonly known as a “white stone”, ur-
ban complexes were formed with a characteristic architecture,
exerting considerable impact on the cultural landscape of the
region. The evidence of this influence is to this day preserved in
a medieval character of the urban layout of Kazimierz Dolny
and its stone architecture, changed in the 16th century from the
wooden fire-prone to masonry one (Pininska, 2007; Pininska
and Dziedzic, 2007; Harasimiuk et al., 2011).

The goals of the planned establishing of the Matopolska
Wista Gorge Geopark are very comprehensive (Harasimiuk et
al., 2011). Generally, they are focused on the protection of the
complex geoenvironmental assemblage of features comprising
abiotic natural objects, endorsement of environmental educa-
tion, inspiration of scientific research, and promotion of the geo-
logical tourism within the area; all with the expectation to en-
hancing economic development of local communities. Such at-
tentive and educational activities in the geopark will be sup-
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ported by selecting and presenting various geological objects of
abiotic nature (the geosites) having crucial, unique significance
for the societal knowledge. The designed geosites represent
abiotic objects interconnected by a walking trail network
(Harasimiuk, 2007; Machalski et al., 2009; Harasimiuk et al.,
2011; Warowna et al., 2013). Those objects will characterize a
variety of morphological, geological, mining and cultural as-
pects in the region of the middle stretch of the Wista River. Be-
cause of their regional importance, the planned Wista River
Gorge Geopark appears as a model for implementing safety
measures based on comprehensive engineering-geological
hazard studies. While general criteria of geosite selection
(Dmytrowski and Kicinska, 2011) relate to expected interesting
attributes of a planned geopark, the recognition of possible haz-
ards will help in redesigning the previously planned tourist path
network, and selection of new interesting sites of safer access
(Pininska, 2007; Coli et al., 2014; Pires et al., 2014).

For the purpose of recognizing possible obstacles in the
planning and establishing of the whole geopark area with nu-
merous geosites, an engineering-geological methodology of
classification and categorization of terrain landform, rock and
soil units was developed. The classification comprises three
categories of terrain properties within soily and rocky land-
scapes, vulnerable to geodynamic hazardous processes, al-
lowing zone selection where new geosites are considered. Re-
sults recorded into the GIS, are integrated and envisioned upon
digital thematic engineering-geological maps.

GEOLOGICAL-ENGINEERING RECOGNITION
OF ROCK AND SOIL UNITS

Geosites selected for tourists are distributed within the
geopark in areas of miscellaneous properties of Quaternary
soils and Cretaceous, Paleogene and Neogene rocks, and of
variable morphology (Harasimiuk and Henkiel, 1978). Many
geosites are planned in a direct contact with the oscillating wa-
ter table in the Wista River channel. Thus, the safety conditions
within their locations and the safe accessibility were analysed
on the basis of available complex engineering-geological data.

The categorising of soils and rocks within the projected
geopark was related to these geodynamic processes which
were potentially hazardous to park visitors, such as landslides,
rock-falls, stone drops and slides, erosion, wash-outs, debris
creep, debris and mud flows, sink-holing and collapses. In mak-
ing the vulnerability parameters credible, each of the distin-
guished categories was cross-verified by results of field and
laboratory studies, in agreement with European classification
standards of soils and rocks.

For the Wista River Gorge, a particular attention is focused
on hazardous rock masses forming high and steep rock slopes.
Other subjects of a close study were localities of historical min-
ing activity. These areas were subjected to increasing hazard
posed by artificially exposed steep walls of former opencast
mining activity, now becoming rock-fall prone. According to
complex studies focused on the qualitative evaluation of rock
exposures within the proposed geosites, the selection of techni-
cal parameters was decisive for selecting potentially safe areas
and their inter-connecting footpaths for use as touristic entities.

The cataloguing of rock geosites, as well as evaluation of
the state of walls in natural exposures and in former mining sur-
face quarrying and underground excavations indicate that they
are at a variable degree of destruction, thus differently vulnera-

ble to further development of surface weathering processes.
The present stability state and the vulnerability to a long-term
erosion, the transformation of walls in selectable geosites were
evaluated by a series of field and laboratory technical investiga-
tion data. Results of studies were used for preparing special re-
quirements of the Geomechanical Assessment Chart for each
planned rock geosite (Fig. 1), dedicated to the geopark. The
chart contains the complex geomechanical characteristics of in
situ rock massif conditions and deformation features, and data
on the durability of particular rock to deterioration, determined in
the laboratory. All such charts store more than 50 various tech-
nical parameters.

Field, in situ engineering studies include exploring of the
weathering profile within the rock massif (Drggowski, 1965), as-
sessing discontinuities, type of fracturing, dampness and water
manifestations. The state of rock mass was determined on the
basis of 10 separate factors (according to PN-EN-ISO-14689-1,
2006), three factors of fissurity (according to PN B-02408) and
the index of rock quality designation (RQD). Final assessments
were performed according to recommendable classifications by
Bieniawski (1974) and Geological Strength Index (Hoek and
Brown, 1997).

The laboratory studies, conducted on prepared monolith
samples of rocks collected from exposures at particular
geosites, included microstructural characteristics, analysis of
physical and mechanical features of rock material and their
weathering resistance. Samples from the monolith zone were
mainly collected in exposures at geosites from steep rock walls,
which are supposedly hazardous to visitors and maintenance.
From each tested geosite, 30 rock samples were collected and
15 different groups of parameters were determined. In seeking
deterioration factors on a long-term scale and its dynamics
caused by natural weathering and anthropogenic influence, the
following events were subjected to experimental modelling: im-
pacts of surface salting, acid rains and air pollution. Some of
these studies were closely related to European standards, e.g.
in determining the resistance to salt crystallisation (PN-EN
12370, 2001) or establishing the resistance to SO, impact un-
der humid conditions (PN-EN 13919, 2004); others required in-
dividually determined procedures, not comprised in standards
(Pininska and Dziedzic, 2006; Pininska, 2007; Kiopotowska
and tukasiak, 2011; Bukowska, 2013; Klopotowska and
tukaszewski, 2013; Lukasiak, 2013). The non-destructive ultra-
sonic research methods with registering changes of longitudinal
wave velocity (V,), have been applied in monitoring structural
defects and changes of rock durability caused by deterioration
processes under laboratory conditions. The results of experi-
mental data were used in evaluation of long-term structural
weakening of rocks, and the final losing of stability of the rock
massif.

Recognition of soil unit properties within the geopark area,
which have been earlier studied in detail, are based on available
archived data and publications (Drggowski, 1965; Kaczynski,
1965; todzinska, 1965; Stochlak, 1965; Myslinska, 2004;
Pininska and Dziedzic, 2006, 2007). Recognition of loess and
derivative soils with their variable properties has been suffi-
ciently detailed and precisely documented in earlier reports
(Harasimiuk and Henkiel, 1978; Gardziel et al., 1996;
Frankowski and Grabowski, 2006). Particularly useful for the
categorization of non-rocky ground mass within the proposed
geopark were places of specific engineering-geological condi-
tions recognized for the former, not implemented, Wista River
cascade project near Kazimierz Dolny (todzinska, 1965).
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CHART OF GEOSITE GEOMECHANICAL ASSESSEMENT |Loca|ity: Bochotnica Designation: Bochotnica_6
Province: Lublin | County: Pulawy | Community: Kazimierz Dolny  [Coordinates: 51° 20' 33.08" N; 21° 59' 36.63" E
WEATHERING PROFILE

| M date: 2009.12, }
ENELE TESTE
ROCK MASSIF ACC. TO PN - EN ISO 14689-1:2006 ROCK FISSURITY ACC. TO PN B-02480
Description linear 12/m
rock type ‘s_,edimentary, si_licequs-carbona}te, per surface unit 6.95 m/m?
siliceous chalk with bioclasts, gaizes|per volume unit 2.58 mim?
massif structure massive, layers class 1. vV
Discontinuities ROCK MASS RATE IN POINTS - RMR (Acc. to Bieniawski)
layer thickness thin, thick strength UCS 2
discontinuity spacing medium RQD 8
rock block size medium discontinuity spacing 20
block shape polygonal blocks groundwater 0
discontinuity opening type from partly open up to verywide |discontinuity type 6
discontinuity fill material clay filling, stone rubble discontinuity orientation -10
water content low sum (per 100) 26
rock mass weathering grade 3 - very weathered class [\
LABORATORY TESTS
NATURAL STATE GS| - Geological Strength Index
*siliceous chalk / **gaizes
bulk density (PN-EN 1936) [1549 /1795 kg/m 2 TCE CONDITONS | Saon I S [ ok I p°°F'| P00k
porosity (PN-EN 1936) +38.2% STRUCTURE DECREASING SURFACE QUALITY =—>
bulk water absorption (PN-EN 13755) *31% / **28% INTACT OR MASSIVE /
longitudinal wave velocity *2460 /**3063 m/s " %0 NA NA
uniaxial compressive strength (PN-EN 1926)( *15 /**32 MPa — § 80
Young modulus (ASTM D 3148-02) *4.00 /*6.37 GPa BLOCKY g L
Poisson's ratio (ASTM E-132) *0.12 /**0.16 g
DETERIORATION SUSCEPTIBILITY & 60
ASSESSMENT 7] very BLOCKY 2 7 /
swelling (expansion) *0.110% é .
contraction *0.090% 4 /
frost resistance (PN-EN 12371) *bad BLOCKYDISTURBED 2 / i § /
uniaxial compressive strength after frost -disintegration ‘ é /
resistance test (UCS frost) 2 /M
uniaxial compressive strength after thermal -9 MPa 7777 DISINTEGRATED g /
shock (UCS thermal shock) 20
frost resistance index -disinteqration u / /
I (UCS frost/ UCS) 9 f 4
LAMINATED/SHEARED bt
thermal shock resistance index -0.60 NIA NIA
I (UCS thermal shock / UCS) )
soak index *0.60

Fig. 1. Chart of the Geosite Geomechanical Assessment, which provides an engineering-geological complex
documenting of a single geosite; this chart (Bochotnica_6 geosite) contains information on the Medieval Bochotnica
siliceous chalk mine

Black dot represents resulting GSI index — the properties of rocks surrounding the mine entrance correspond to engineering
category Il in Table 1
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GEOLOGICAL-ENGINEERING CATEGORIZATION
OF ROCK AND SOIL UNITS

All geological units of the area designated for geopark were
categorized into three general engineering-geological catego-
ries due to complex analysis, separately for the rock massif (Ta-
ble 1) and soils (Table 2), according to their properties, pro-
spectively hazardous for visitors, and causing the need of mark
maintenance:

— category | — least vulnerable,

— category Il — medium vulnerable,

— category lll — most vulnerable.

The applied criteria of the above categorization of the rock
massif at the geosite included: laboratory determined strength
parameters of rocks, their susceptibility to deterioration accord-
ing to PN-EN ISO 14689-1 (2006), Rock Mass Rating (RMR)
index according to Bieniawski (1974), and Geological Strength
Index by Hoek and Brown (1997) with average values as fol-
lows: category | — RMR mostly Ill, GSI > 50, susceptibility for
deterioration 2; category Il — RMR mostly IV, GSI < 50, suscep-
tibility for deterioration 3; category Il - RMR V, GSI < 20, sus-
ceptibility for deterioration 3.

All the three categories of rock massif significantly refer to
the stratigraphic position (age) and lithology of the classified
rock units within the Wista River Gorge Geopark (Table 1).

The applied criteria of categorization of soil units (Table 2)
included: vulnerability to changes of texture (in cohesive soils),
density level (in loose soils), macroporosity (in macroporous
soils), and surface mobility of loose material (debris flows, slope
wash). The risk of losing the stability of soft rock slopes and the
prospective hazard of geodynamic phenomena in soils were, in
most of places, different than in the rocky slopes. The loess ar-
eas of characteristic, distinct morphology with numerous
gorges, ravines and steep walls were particularly vulnerable to
impact of rain- and meltwaters, which usually initiate miscella-
neous collapsing and landslide processes (Borecka and
Kaczmarczyk, 2007).

Based on these data, the soil units have been classified into
three hazard categories of non-rocky massifs, characterizing vari-
ous degrees of hazard related to surface geodynamic processes.

Those three categories are also significantly related to the
stratigraphic position (age) and lithology of the soil units.

The data, characterizing all the geological units and rock
and soil (non-rocky) massifs in the projected geopark area with
regard to their engineering-geological properties, and catego-
rized according to their vulnerability to changes under the im-
pact of external geodynamic processes, were incorporated into
the geographic information system (GIS). The importance of ty-
ing specific geosite engineering-geological properties and mas-
sif hazard categorization with the GIS, allows spatial control
also of available geomechanical data in various aspects and
their input to the geological-engineering thematic maps and ap-
plicable for any area to be studied for the further society—envi-
ronment-tourism interaction.

GEOLOGICAL-ENGINEERING ZONE
SELECTION MAPS

The already collected data and their placement in the classi-
fication table helps developing an essential tool in a compara-
tive analysis of rock and soil massif stability in different regions
and selected the unified terrain safety level in the geopark area.
Terrain selection of areas with engineering-geological condi-
tions favourable for locating of particular geosites, and delineat-
ing courses of the interconnecting walking trails can be made
consisted with standard planning and safety requirements.

Three specific engineering-geological factors within the
planned geopark determine the conditions and durability of the
geosites and geotouristic trails. These are:

1. engineering-geological properties of rock and soil
(non-rocky) units, related to the massif categories |, Il
and llI;

2. slope angles;

3. oscillating water level of the Wista River.

These factors were the basis for the preparation of the three
separate GIS layers, with data visualized in digital thematic
maps of engineering-geological zoning of the geopark terrain:

1. Map of Engineering-Geological Properties of massifs
(Fig. 2), comprising the categorization of rock-units within areas

Table 1

Engineering-geological categorization of rock massifs

CATEGORIZATION OF ROCK MASSIFS
CATEGORY Lithology Age Exposure/geosite
limestones Cretacecus Janikdw
siliceous chalk Cretaceous Kazimierz Dolny
silicecus chalk Cretaceous Opoczka Mata
siliceous chalk Cretacecus Piotrawin
. siliceous chalk,. Cretaceous/Paleogene Bochotnica
limestones and gaizes
I siliceous chalk Cretacecus Dziurkéw
slllcecus chalk, Cretaceous/Paleogene Nasitow
sandstenes
marly siliceous chalk Cretaceous Podgorz
silicecus chalk Cretaceous Sulejow
siliceous chalk Cretaceous Ciszyca Gorna
] limestones, sandstones Neogene Kamienna Géra
silicecus chalk Cretaceous Nowe
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Table 2

Engineering-geological categorization of soil massifs

CATEGORIZATION OF NON-ROCKY MASSIFS

CATEGORY Lithology Age

clay deposits {glacial) and sands, grawels,
erratic boulders
clay deposits and erratic boulders, gravels and
residuum sands
aeolian sands {dunes)
aeolian sands
loesses with paleosols, muds, sandstones and
loess-like silts

Quaternary

Quaternary

Quatemary — Vistulian
Glaciation

glaciofluvial sands an gravels

ice-dammed lake clays, muds, and sands
(not separated)

sands and muds of kame and kame-terraces

Quaternary — Odranian

gravels, boulders and sands of bank moraines
and dead-ice blocks

Glaciation

sands and gravels of askers and glacial
crevasse landforms

river sands and gravels, partly glaciofluvial

Quaternary — South
Polish Glaciations

peats and pealy muds

gyttjas, lake chalks and muds of old river beds

sand and muds of ground walleys, landlocked
depressiens and alluvial fans

Quaternary

sands, silts and clay deposits of slope washes

residual-weathering gravels, sands, muds and

boulders
sands, grawvels and rivers muds of overflecod Quatemnary —Vistulian
terraces Glaciation
i Quaternary — Mazovian
sands, gravels and rivers muds ;
Interglacial

of specific engineering-geological properties of soils and rocks
to the three vulnerability categories (1, Il and IlI).

2. Slope Angle Map, showing three types of areas with vari-
able potential for the presence and development of
geodynamic processes (Fig. 3):

— flat areas with a slope angle <5°, of least hazard;

— areas with slope angle between 5-20°, of low hazard;

— areas with slope >20°, of potentially high hazard caused

by geodynamic phenomena.

3. Map of Areas Endangered by Flooding (Fig. 4). Areas en-
dangered by flooding from the Wista River and significant in-
crease of groundwater level have been analysed for the
high-water events in the Wista River in the interval prior to the
preparation of the geopark project. The historical groundwater
level at 121 m a.s.l. in Putawy and 143 m a.s.l. in Zawichost was
analysed in relation to the current water-level gauge readings,
as well as the discussions of Kaczynski (1965) and t.odzinska
(1965) referring to the planned river water lifting.

These three thematic maps were used to produce a com-
piled Regional Map of Specific Geological-Engineering Hazard-
ous Conditions for the Wista River Gorge Geopark according to
the criteria presented in Table 3. The basic criterion was the
safety of visitors on the path grid within the geosite area, endan-

gered by hazard of slippery, rock falls and flooding. The follow-
ing areas have been distinguished:

— least hazardous areas;

— medium hazardous areas;
hazardous areas;

— areas endangered by flooding.

Regional Map of Specific Geological-Engineering Hazard-
ous Conditions (Fig. 5) shows areas that are variably vulnerable
to the development of geodynamic conditions, thus influencing
the criteria of constructing, making available, and long-term
managing of geosites and walking trails. These sub-divisions
are strictly regional and relative. They reflect the engineer-
ing-geological variability of local hazard conditions in the
Matopolska Wista Gorge Geopark.

Analysis of the areas with specific engineering-geological
conditions indicates that areas vulnerable to the development
of geodynamic processes occur mainly at the marginal zones of
the Wista River valley and in areas with loess canyons. Most
geosites and geotrails are located in areas of medium and least
vulnerability to geodynamic hazards.

In turn, high hazard in correct functioning of geotouristic
trails is linked with the oscillating water level in the Wista River. It
refers to geosites and geotouristic trails located within the flood
terrace of the Wista River and in the vicinity of Wilkdw, wherethe
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Fig. 2. Map of Engineering-Geological Properties of rocky and non-rocky massif units in the area
of planned Matopolska Wista Gorge Geopark
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Fig. 3. Slope Angle Map in the area of planned Matopolska Wista Gorge Geopark

Other explanations as in Figure 2
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Fig. 4. Map of Areas Endangered by Flooding in the area of planned Matopolska Wista Gorge Geopark

Other explanations as in Figure 2
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Fig. 5. Regional Map of Specific Geological-Engineering Hazardous Conditions
in the area of planned Matopolska Vistula Gorge Geopark

Other explanations as in Figure 2
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Table 3

Criteria used in distinguishing areas with specific
geological-engineering hazards

Categorization of soils and rocks )
Flooding
| Il Il
Least Medium Medium
a1 <5 hazardous | hazardous | hazardous
8 areas areas areas
(=]
D
2
3 Medium Medium Medium Areas
g 5-20 | hazardous | hazardous | hazardous | endangered
£ areas areas areas by flooding
5
g
o Medium
D1 >20 hazardous
areas

Areas
endangered
by flooding

Flooding

rise of flood waters in 2010 caused severe damage to house-
holds and infrastructure.

These maps containing forecast data on technical availabil-
ity and maintenance conditions for trails and geosites may
serve for their planned selection with implemented hints on a
proper tourist security and economy measures.

SUMMARY

The project area of the planned Matopolska Wista Gorge
was considered for its specific geological-morphological loca-
tion. A characteristic of the project plan was the geopark loca-
tion inside the Wista River valley and in its vicinity, with numer-
ous gorges, ravines and steep canyons with walls of
macroporous loess soils, floodplains and alluvial terraces as
well as steeply inclined cliffs built of relatively soft calcareous
rocks. Such diverse morphology in connection with variable soil
and rock properties, and the hazards of seasonal flooding phe-
nomena, imposed the application of a complex investigative en-
gineering-geological methodology dedicated to special needs
of geopark management. Regional categorization of exposed
soil and rock units were prepared based on comprehensive
field and laboratory studies. It was crucial especially in the case
of steep rocky slopes with particularly interesting and educa-
tionally important geosites. Another evaluating approach to cat-
egorization was necessary for the geosites dispersed upon the
Wista River floodplains. Therefore, in the assessment of the
geopark area, particular attention was drawn to evaluation of
the geomechanical behaviour of rocks and soils on-site, under
the changeable external conditions within the whole planned
geopark area. Thus, slippery paths, exposed rocks in steep
slopes, collapsible grounds as well as possibly unavailable ac-
cess to sites prone to flooding became standard methodology
research entries in the new geopark studies.

At the regional scale, the rocks in the area of the planned
geopark are poorly resistant and form strongly fractured

rock-units in a comparison to other stronger rock types else-
where in Poland (compare the Geomechanical Data Base, De-
partment of Geomechanics, University of Warsaw, 2010). De-
spite its weakening and fragility, the rocks exposed in the
Matopolska Wista Gorge have been used in building construc-
tions since historical times. For this reason, some of old histori-
cal quarries need more protective measures, focused mainly on
their availability for geotouristic activity, which in turn should be
subjected to detailed engineering-geological studies.

The application of methodological approach to vulnerability
assessment of the planned Matopolska Wista Gorge Geopark
has resulted in distinguishing three regions with various hazard
level of vulnerability to dangerous geodynamic phenomena. The
highest density of hazardous places occurs in the northern part of
the designated geopark area and comprises geosites located in
the marginal zones of the Wista valley and in the steep embank-
ments of loess canyons. Strong fragmentation of the rock mass
and advanced erosion processes induce hazards of rock-fall,
landslides, walls collapse and washing out of the loess slopes.
An area of increased flood hazard was distinguished In the mid-
dle part of the planned geopark, where, however, a small number
of geosites are planned. The southern part of the area desig-
nated to geopark is dominated by sites with medium and least
vulnerability to disaster hazards, with the endangered geosites
located only at the marginal zone of the Wista River valley.

The presented case of assessment of the engineering-geo-
logical conditions within the Wista River Gorge indicates that
most of the designated geosites within the planned geopark are
located in areas of medium vulnerability to the development of
geodynamic processes. This factor is favourable for the accom-
plishment of the planned geopark goals, focused mainly on the
common availability of natural monuments and on the educa-
tional character of the proposed walking trail network, as re-
flected in summarising maps.

The application of multi-range analysis of engineering-geo-
logical conditions was essential in characterizing the local de-
tails of changes of soil and rock properties and the geological,
morphological and hydrographical conditions in the study area.
It is obvious that such studies must be completed after the
geosites are proposed but prior to final establishing of the
geopark extent with its swarm of geosites and a network of in-
terconnecting trails. Services made available by GIS are signifi-
cant and allow the satisfactory achievement of targets — a se-
lection of interesting geosites, safe for touristic activity. The in-
vented methodology procedure, based on field and laboratory
researches, appear useful in selecting and assessing of areas
favourable for establishing the geopark and associated
geosites. The application of GIS allows easy visualization of re-
sults in an understandable and comparable set of thematic
maps. In this way, the detailed geoenvironmental properties of
the study area can be made obviously available for the deci-
sion-makers and the concerned society.
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