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Abstract: Evaluating the geotourism potential of geological objects is now one of the main directions of geotourism development in Po-
land. So far, these have been usually carried out for famous and interesting objects, which are situated in physical-geographical regions
of great morphological-geological values and are places of high intensity tourism. However, recently more and more attempts have
been made to evaluate geotourism potential of geological objects situated in the areas considered unattractive to tourists. This paper
reports the results of such an attempt, which has been made in the eastern part of the borderland between two physical-geographical
regions of low-intensity tourism, i.e. the Siedlce Upland and Lukow Plain. To evaluate the tourism potential of geological objects, the
method of geosite evaluation has been used. The results allowed the author to distinguish the objects of high and unique scientific val-

ues, which may be proposed as geosites and a geotourist trail in the study area.
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Tresé: Ocena potencjatu geoturystycznego obiektow geologicznych stanowi obecnie jeden z gtownych kierunkow rozwoju geoturystyki
w Polsce. Dotychczas wykonywano jg najczesciej w przypadku znanych i ciekawych obiektow, znajdujqcych sie w regionach fizyczno-
geograficznych o wysokich walorach morfologiczno-geologicznych, stanowigcych miejsca charakteryzujqce sie intensywnym nateze-
niem ruchu turystycznego. Ostatnio jednak coraz czesciej podejmowane sq proby oceny potencjatu geoturystycznego obiektow geo-
logicznych, znajdujgcych sie na obszarach uznawanych za mato atrakcyjne turystycznie. Takg probe podjeto na obszarze pogranicza
wschodniej czesci regionow fizycznogeograficznych Wysoczyzny Siedleckiej i Rowniny Lukowskiej — regionow cechujgcych si¢ mato
intensywnym natezeniem ruchu turystycznego. Do oceny potencjatu geoturystycznego wykorzystano metode waloryzacji geostanowisk.
Wyniki waloryzacji pozwolity na wyrdznienie obiektow o wysokiej, naukowej wyjgtkowosci, stanowigcej podstawe do utworzenia geo-

stanowisk oraz szlaku geoturystycznego na analizowanym obszarze.

Stowa kluczowe: potencjat geoturystyczny, waloryzacja geostanowisk, geoturystyka, Rownina Lukowska, Wysoczyzna Siedlecka
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Introduction

Evaluating the geotourism potential of geological ob-
jects in selected areas is now one of the main directions
of geotourism development in Poland. So far, it has been
carried out in the physical-geographical regions of great
geological values, where interesting objects, being places
of high intensity tourism, are situated. That is why the nu-
merous published studies present the geotourism potential
of mountain regions, which are recognised by tourists, e.g.
the Sudetes (among others Knapik et al., 2009; Knapik &
Migon, 2010; Cedro et al., 2009; Mianowicz & Brzozow-
ska, 2009; R6zycka, 2014) or Carpathians (Ktapyta, 2015).

The geotourism potential of geological objects occur-
ring in the physical-geographical regions of low intensity
tourism, e.g. in the areas with lowland, flat relief and seem-
ingly little interesting topographic features, has rarely been
evaluated. Such features are typical mainly of the regions
situated in Central Poland. They belong to the so-called
old glacial area, which was formed by ice sheets of the
Middle Polish Glaciations (from about 200 000 to 130 000
years ago) (sensu Lindner & Marks, 2012). Lukow Plain
and Siedlce Upland are such regions situated in eastern Po-
land. So far, their geotourism potential has not been evalu-
ated for geotourism purposes.

The purpose of this study was to identify the geologi-
cal resources in the eastern part of the borderland between
two physical-geographical sub-regions (Siedlce Upland and
Lukéw Plain), and to indicate how they can be used in geo-
tourism. This objective demanded the evaluation of select-
ed geological sites representing different glacial landforms.

Study area

The evaluation of the geotourism potential of geological
objects was made in the eastern part of the borderland be-
tween two physical-geographical mesoregions: Siedlce Up-
land and Lukoéw Plain (Fig. 1). According to the physical-
geographical regionalization of Poland published by Kond-
racki (2009), they belong to the South Podlasie Lowland re-
gion. Itis mainly characterized by lowland (115-196 ma.s.l.—
Fig. 1), monotonous relief left by the last ice sheet of the
Middle Polish Glaciations, i.e. the younger Saalian ice sheet,
about 210 000—130 000 years ago (vide Mojski, 2005). How-
ever, the glacial origin of this area is of special nature. The
boundary between the mentioned regions coincides approx-
imately with the maximum extent of the younger Saalian ice
front, which is marked by ridges and hills of end moraines
arranged in trains and reaching 190-200 m a.s.l. (Fig. 1).
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Fig. 1. Location of the selected geosites against the Digital Terrain Model of the eastern part of the borderland between the Siedlce
Upland and Lukoéw Plain. The author’s own study based on the Topographic Map of Poland, 1 : 25000. The maximum extent of the
younger Saalian ice sheet line according to Godlewska 2014a and Mojski 1972); names of lobes according to Mojski (1972) and

Terpitowski (2000)
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The Siedlce Upland represents the inner zone of the ice
front. Hills and ridges (mostly kames) occurring in this area
reach 170-190 m a.s.l. The foreland of the ice front is a flat,
sandy, outwash plain descending towards the SE from 170
to 140 m a.s.l., and belongs to the Lukéw Plain. The de-
scribed, the marginal zone of the younger Saalian ice sheet is
characterized by sublatitudinal orientation and lobate shape.
The evaluation of the selected geological objects, occurring
within the extents of the Liwiec, Toczna and Klukdéwka ice
lobes, was performed (Fig. 1). It was based on detailed mor-
phological-geological investigations of surface deposits
building glacial landforms (Godlewska, 2014a).

Methods

The evaluation of the geotourism potential of the se-
lected sites was carried out using the method developed by
Knapik ef al. (2009) and Knapik & Migon (2010).

During the initial stage of the work, the geological sites
were selected and inventoried. For this purpose the author’s
original materials were analysed, i.e. the monograph (God-
lewska, 2014a), as well as the scientific papers and con-
ference abstracts (Godlewska, 2007, 2008a, b; Godlewska

& Terpitowski, 2009a, b; Terpitowski et al., 2009; God-
lewska & Terpitowski, 2012; Godlewska, 2012, 2014a, b,
2015). Other materials concerning the study area were also
useful in the evaluation. These were mainly scientific pa-
pers (among others Terpitowski, 2000; Albrycht, 2004a),
as well as geological and geomorphological maps (Brze-
zina, 2000; Dyjor & Brzezina, 2000; Albrycht, 2004b).
Based on all these materials, 16 sites were selected (ex-
posures, quarries, opencast mines). All selected geological
objects are glacial landforms, which have been identified
and described with the use of lithofacies analysis (cf. God-
lewska, 2014a).

The second stage of the work was the evaluation of the
selected geological sites for geotourism purposes (accord-
ing to Knapik et al., 2009 and Knapik & Migon, 2010).
The following features of geosites were evaluated: scientif-
ic value, educational value, state of the object and dangers,
and accessibility (Tab. 1). The evaluation was qualitative;
each feature was evaluated in a scale 1-5. The results are
presented in Table 2.

In the final stage of the work the most interesting ge-
osites, with the outstanding morphological and geological
features, were selected in order to propose a geotourist trail
(Ortowska, in preparation).

Tab. 1. Elements of geosite evaluation according to Knapik et al. (2009) and Knapik & Migon (2010)

Subject. Description Point
of evaluation value
The only site in the region; unique in a mega-regional scale; presented in international scientific journals 5
o Very important objects for regional studies; presented in national and international scientific journals 4
Sc\t:nlll::eﬁc Object important for regional studies; presented in national and international scientific journals 3
Typical site of mediocre scientific value, presented in popular scientific magazines 2
No special distinguishing features; lack of publications 1
Number of presented problems: 5 or more 5
Number of presented problems: 4 4
Educational Number of presented problems: 3 3
value
Number of presented problems: 2 2
Number of presented problems: 1 1
Well preserved, with no visible signs of degradation 5
Slightly disturbed structure of the site 4
St?:)tsj(;itthe Partially destroyed 3
Heavily changed by man 2
Destroyed, loss of geosite nature 1
Site situated directly on a tourist trail or nature trail 5
Site situated off the trail, but well visible from the trail, near a road or path 4
Accessibility Site not visible from the tourist trail and poorly visible from other points, situated more than 500 m 3
away from a road or path
Site difficult to access, e.g. overgrown or accessible by a route difficult to walk 2
Site inaccessible for tourists 1
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Evaluation

of the selected geological objects

Scientific values

The results of the geosite evaluation indicate that the
following geological sites have the greatest geotourism po-
tential in terms of scientific value (five points): Izdebki,
Nowa Kornica, Sobicze and Stara Kornica. Scientific di-
lemmas studied in these sites are very exceptional on a re-
gional scale, unique on an mega-regional scale, and the
results are published or worth publishing in international
scientific journals.

Izdebki and Nowa Kornica sites represent the Pleisto-
cene sequences of glaciolacustrine deposits (i.e. deposits of
former post-glacial lakes). In the Izdebki site, the sequence is
characterized by the occurrence of previously not described,
atypical glacioisostatic deformations (Fig. 2), which indi-
cate deposition at the bottom of the ice (Godlewska, 2014a;
Wiodarski & Ortowska, in preparation), and in the Nowa
Kornica site — well developed elements of the so-called fan
delta (Fig. 3A; Godlewska & Terpitowski, 2012; Godlews-
ka, 2014a). Such glaciolacustrine sequences are exception-
ally rare in the Pleistocene deposits in Poland, Europe or
North America.

Deposits of push moraine are found in the Sobicze site.
These represent a unique example of simultaneous depo-
sition and deformation of deposits (Fig. 4), which has not
been found in push moraines in Poland so far (cf. Wtodar-
ski & Godlewska, 2016).

Another object of exceptional scientific value is the
Stara Kornica site where a sequence of deposits of different
ages is exposed. This sequence has been deposited on the
slope of a substratum bump and consists, from bottom to
top, of Cretaceous chalk, Palacogene sands, glaciofluvial

and glacial deposits (Fig. 5). The most interesting unit is
the youngest layer of till, composed of diamicton, with the
packages of untypically dispersed chalk, which are unu-
sual in diamictons. Chalk material was incorporated when
the ice sheet was overriding the substratum bump. Then it
was transported over a short distance and deposited on the
distal slope.

The scientific value of the Huszlew and Luniew sites
is lower than five (four points). Both sites are very im-
portant for regional studies, and the research results are
to be published in national/international journals. Glaci-
olacustrine-glaciofluvial deposits occurring in the Husz-
lew site were deposited in the foreland of the ice sheet.
This deposit sequence is evidence for the existence of
a proglacial lake, the first one that has been found in east-
ern Poland. The Luniew site is an example of vast end
moraine with the unique sequence of deposits, in which
we can observe the traces of catastrophic floods of melt-
water (Fig. 6A) and soft-sediment deformation structures
(Fig. 6B) — rarely found in such landforms (Godlewska,
2014a).

Most sites have been classified as objects important for
regional studies, the results of which are/can be presented
in national journals (three points) (among others Godlews-
ka, 2008a, b, 2015). These sites represent classic glacial
landforms with typical deposit sequences, which are found
in many areas covered by ice sheets in Pleistocene. End
moraines with typical deposit sequences of glaciofluvial
fans occur in the Droblin, Juniewicze, Kolonia Korczowka
and Kopce sites. Outwash landforms with typical depos-
it sequences of braided rivers are exposed in the Krzesk
Stary, Mostdéw, Olszanka and Witulin sites. The Wolowik
site represents a moraine plateau with characteristic occur-
rence of till (Fig. 7A). However, this till is poorly devel-
oped as boulder pavement only (Fig. 7A, B).

Fig. 2. Izdebki site: glacioisostatic deformations in form of syncline in the glaciolacustrine deposits, photo A. Ortowska
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Fig. 7. Wolowik site: A) basal till in form of boulder pavement and thin layer of diamictite sands and deformation structures i.e. faults
in the deposits that underlay the basal till; B) a large-size clast in the boulder pavement, photo A. Ortowska

Educational value

The analysis of the educational value of the selected geo-
logical sites indicates their high usefulness for the explana-
tion of phenomena and processes occurring in the world of
inanimate nature. As many as six sites received the maximum
number of points according to the used method of evalua-
tion. Moreover, no site was classified in the lowest classes.

The exposures of the greatest educational value, pre-
senting at least five problems (five points), occur in the
Izdebki, Luniew, Nowa Kornica, Sobicze, Stara Kornica,
and Wolowik sites.

The Izdebki and Nowa Kornica sites represent com-
mon glaciolacustrine landforms, i.e. kames. However,
these kames are atypical as they contain the sequences of

glaciodeltaic deposits, including the unique deposits of
a fan delta (Fig. 3A) in Nowa Kornica. In Izdebki, on the
other hand, we can observe glacioisostatic deformations.
Moreover, these deposits are evidence of areal deglacia-
tion. Different locations of the kames — on the substratum
bump (Nowa Kornica), and on the edge of the fossil valley
of the pre-Liwiec River (Izdebki) — are also interesting. In
the Nowa Kornica site, older deposits are also exposed in-
volved in glaciotectonic structures (Fig. 3B): Palacogene
sands (Fig. 3B) and chalk (Fig. 3C), which were formed
during the advances of older ice sheets (cf. Albrycht,
2004a). Based on the Izdebki exposure, it is possible to de-
termine the melting rate of ice-cored morainic ridges (vide
Wrhodarski & Ortowska, in preparation).
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In the Luniew site, we can observe end moraine with an
atypical sequence of deposits, which was formed as a result
of catastrophic floods of meltwater (Ortowska, in prepara-
tion). The occurrence of large glaciofluvial fan is evidence
of the conditions of a stationary ice front. This fan is com-
posed of unconsolidated deposits with exposed soft-sedi-
ment deformations, which are rarely found in eastern Poland.

The Sobicze site represents the sequence of deposits de-
formed by glacial push and forming push moraine. Rarely
observable deformation structures are exposed in the site.
They indicate the occurrence of an advancing ice sheet. In
this case, the ice sheet advanced along the fossil valley of the
pre-Liwiec River (cf. Wlodarski & Godlewska, 2016) simul-
taneously with the processes of deposition and deformation.

The Stara Kornica site represents the moraine plateau.
Its atypical profile is only up to 2 m thick, and consists,
from bottom to top, of chalk, Palacogene sands, glacioflu-
vial deposits and till. A special feature of this till is its li-
thology. It is a glacial diamicton with the packages of un-
typically dispersed chalk. Deformations of the underlying
deposits indicate a rapid advance of the ice sheet. This rap-
id movement was favoured by a distal inclination of slope,
along which the ice sheet advanced after overriding the
substratum bump.

In the Wotowik site, the following geological objects
and/or scientific problems can be presented: 1) moraine
plateau situated on the slope of substratum bump, 2) se-
quence of till, which is poorly developed as boulder pave-
ment, and 3) deformations indicating the rapid advance of
ice sheet, favoured by distal inclination of substratum.

The educational value of most sites has been evaluat-
ed at 3 points. In each site three geological objects and/or
problems can be discussed: 1) glacial landform, 2) deposit
sequence (typical of a given landform), which gives evi-
dence 3) to the dynamics of the ice-sheet front (decisive for
the formation of a given type of landform).

End moraines occur in four sites, i.e. in Droblin, Ju-
niewicze, Kolonia Korczowka, Kopce. The deposit se-
quences exposed in these sites represent a glaciofluvial
fan dominated by sheet flows and/or channel flows. They
demonstrate the conditions of a stationary ice-sheet front
during its maximum advance or frontal recession.

Typical outwash landforms are exposed in five sites.
Outwash valleys occur in Krzesk Stary, Olszanka and Wit-
ulin, while outwash plains can be observed in Cicibor Maty
and Mostow. The exposed sediments were deposited in the
environment of alluvial plains of braided rivers, and indi-
cate stationary conditions or frontal recession of ice-sheet

front during their deposition.

Accessibility

None of the analysed 16 sites has the good accessibili-
ty (five points), i.e. none is situated directly on a tourist or
nature trail.

The following sites are easily accessible (four points):
Cicibor Maty and Witulin in Biata Podlaska County, as
well as Izdebki and Sobicze in Siedlce County.

The Cicibér Maty site is situated near the Trail of Old
Churches and Manor Houses. Despite easy accessibility to
the object from the trail (potentially five points), its valua-
tion is lower because the trail is not thematically connected
with natural objects. This is a typical cultural trail showing
the historical heritage of the region. Probable inclusion of
the Cicibor Maly geosite in the existing trail will be pos-
sible only after the transformation of the cultural trail into
a cultural and nature trail. Many more natural objects pre-
senting other problems should be included in this trail.

The Witulin site is situated not far from a bike trail
The Beauty of Nature in the Podlasie Region, and the
Izdebki and Sobicze sites — near the Korczew Bike Trail.
Their proximity to the existing trails (up to 500 m) creates
a chance to include them in the mentioned trails through
the adaptation of the objects for tourist presentation and the
construction of access roads.

The following sites, situated far from the existing tour-
ist trails and more than 500 m away from a road or path,
and have been evaluated at three points: Droblin, Huszlew,
Juniewicze, Kolonia Korczowka, Kopce, Krzesk Stary,
Funiew, Mostéw, Nowa Kornica, Olszanka, Stara Kornica,
Wotowik. Some of these sites are inactive opencast mines,
but their adaptation for geotourism purposes is possible.
Several sites have already been adapted (e.g. Juniewicze,
Kopce) by digging new exposures situated next to the old
abandoned pits.

None of the analysed objects was evaluated at two
points (site difficult to access, e.g. overgrown) or at one
point (site inaccessible for tourists). Therefore, all sites
have geotourism potential in terms of their accessibility,

and can be used for geotourism purposes in the future.

State of the object and dangers

The state of the preservation of the analysed objects
differs. The best preserved exposures, without visible trac-
es of degradation (five points), occur in the Cicibor Maty,
Droblin, Luniew, and Witulin sites. These sites are active
opencast mines, so the preservation of exposures is threat-

ened by the exploitation of raw materials. However, some
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walls are currently excluded from exploitation and not
reclaimed, so they are accessible to tourists.

In the Huszlew and Izdebki sites, the structure of ex-
posures is slightly destroyed, so their state of preserva-
tion has been evaluated at four points. These sites have
not been exploited for a long time, but sometimes local
people take raw materials from the pits, so that the ex-
posed fragments of walls can be used for the establish-
ment of geosites.

The partially destroyed exposures (three points) oc-
cur in the Juniewicze, Kopce, Krzesk Stary, Mostow,
Olszanka, Sobicze, and Wotowik sites. In most sites (Ju-
niewicze, Kopce, Krzesk Stary, Mostow, Sobicze), some
walls are reclaimed, while the exposures in the Olszanka
and Wotowik sites are filled with water. However, some
fragments of walls are exposed in all these sites, and the
deposit sequences will be clearly visible after a small
cleaning of the walls. Therefore, the mentioned expo-
sures are suitable to establish geosites, the more so be-
cause they are not exploited. Thus, it will be possible to
adapt the exposures for tourists, set up information boards
and permanent constructions protecting the exposures.

Another situation occurs in the Nowa Kornica and
Stara Kornica sites. In these sites the exploitation is still
continued, so the exposed structures (the deposits of
unique fan-delta depositional environment in Nowa Kor-
nica, and the sequence of Cretaceous, Palacogene and
Quaternary deposits in Stara Kornica) are gradually de-
stroyed. At present only the fragments of formerly com-
plete deposit sequences are visible.

The poorest preserved exposure (one point) occurs
in the Kolonia Korczéwka site. In recent years, the ex-
posure has been heavily altered by man, reclaimed, and
partially buried. Thus, it is now not suitable to establish
geosite.

Results of evaluation as the basis
for proposing geotourist trail

Based on the evaluation of geosites, the most inter-
esting geological sites have been selected in order to pro-
pose a geotourist trail. These geosites show a high di-
versity of the inanimate nature in the eastern part of the
borderland between Siedlce Upland and £ukoéw Plain.

The Izdebki site has the greatest geotourism poten-
tial (18 points; vide Table 2) due to its high scientific
and educational values, as well as good accessibility
and state of preservation. Four other sites are also very
interesting in respect of scientific and educational val-
ues, but they are less accessible and poorly preserved, so
their geotourist potential is lower: Luniew and Sobicze

sites (17 points), Nowa Kornica and Stara Kornica sites
(16 points).

The mentioned objects are suitable for the presentation
of a wide range of issues in the field of geology and ge-
ography, and due to their educational values, they should
be made available for tourists. As they are located close
to each other, the best form of their presentation is geo-
tourist trail.

The proposed trail (Ortowska, in preparation) will in-
clude the geosites with the greatest geotourism potential.
It will be supplemented with several additional sites pre-
senting basic issues of geomorphology and glacial geolo-
gy, which are located in the proximity of main geosites, so
it will be possible to conveniently plan a trip route.

The trail will be routed from west to east. The sites will
be divided into three groups belonging to some fragments
of the marginal zone of the younger Saalian ice sheet, i.c.
the Liwiec, Toczna and Klukdéwka ice lobes.

The westernmost group of sites (Luniew, Sobicze and Iz-
debki) is situated in the marginal zone of the Liwiec lobe. The
exposures will present the stages of development of glacial
relief during the following dynamic states of the lobe (Fig. 8):

— stabilization of the ice front (Luniew site — Fig. 8A);
— retreat of the ice front (Fig. 8B), which was inter-

rupted by a short advance (Sobicze site — Fig. 8C);
— areal deglaciation (Izdebki site — Fig. 8D).

Three sites situated in the marginal zone of the Toczna
lobe will present the successive stages of development of
glacial landforms during the following dynamic states of
the lobe (Fig. 9):

— stabilization of the ice front (Juniewicze and
Mostéw sites — Fig. 9A);

— stabilization and retreat of the ice front (Olszanka site
—Fig. 9B).

According to the results of evaluation, the development
of glacial relief in the marginal zone of the Klukowka lobe
will be best presented in the Nowa Kornica and Stara Ko-
rnica sites. Additional valuable information is recorded in
the deposits of the Droblin and Cicibor Maty sites. The ex-
posures will present the stages of development of landforms
during the following dynamic states of the lobe (Fig. 10):

— advance of the ice front (Stara Kornica site —
Fig. 10A);

— stabilization of the ice front (Droblin and Cicibor
Maty sites — Fig. 10B);

— areal deglaciation (Nowa Kornica site — Fig. 10C).

The detailed route of the geotrail with explanations will

be presented in another publication (Orfowska, in prepa-
ration).
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Fig. 8. The stages of relief development in the marginal zone of the Liwiec lobe (after Godlewska 2014a): A) stabilization of the ice

front; B) retreat of the ice front; C) a short advance of the ice front;

D) areal deglaciation
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A Juniewicze site
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Fig. 9. The stages of relief development in the marginal zone of the Toczna lobe (after Godlewska 2014a): A) stabilization of the ice
front; B) stabilization and retreat of the ice front
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Fig. 10. The stages of relief development in the marginal zone of
the Klukowka lobe (after Godlewska 2014a): A) advance of the

ice front; B) stabilization of the ice front; C) areal deglaciation

Conclusions

The evaluation of geological objects, which has been
carried out in the eastern part of the borderland between the
Siedlce Upland and Lukow Plain, leads to the following fi-
nal remarks and conclusions:

— The seemingly unattractive old glacial areas, with
monotonous, flat landscapes, have interesting, un-
explored values that can be successfully used in
the promotion of physical-geographical regions, in
nature tourism, or in the education of children and
youth nationally, regionally or locally. The studied
eastern part of the borderland between the Siedlce
Upland and Lukéw Plain is undoubtedly such an
area. It is indicated by the results of the evaluation
of the geotourism potential of the selected geologi-
cal objects situated in this area.

— The analysis of scientific value of the studied geo-
logical objects indicates that they are not only the
examples of commonly found and typical glacial
landforms. The problems studied in a few expo-
sures are exceptional in regional scale, unique in
mega-regional scale, and the results are published
or worth publishing in international scientific jour-
nals. The analysis of the educational value of these
geosites indicates their high usefulness for the ex-
planation of phenomena and processes occurring in
the world of inanimate nature.

— The accessibility and state of preservation of the
studied geosites are not very good, but do not pre-
vent the promotion of their geotourism potential.
The proposed geotourist trail will facilitate access
to the individual objects and improvement of their
state of preservation. This form of tourist presenta-
tion is a good way to prevent potential dangers, in-
cluding natural overgrowing or anthropogenic rec-
lamation of the exposures.

— The method of evaluating of the geological objects
makes it possible to estimate the geotourism po-
tential of the studied physical-geographical region.
The obtained results can be successfully used in the
preparation of geotourist offer in eastern Poland.
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