" Researon

Geological Quarterly, 2025, 69, 38
DOI: https://doi.org/10.7306/gq.1811

The geodiversity of the Gostynin-Wioctawek Landscape Park (Poland)
and its buffer zone — an attempt to quantify geotourism potential

Piotr GIERSZEWSKI', Mirostaw BLASZKIEWICZ', Joanna RYCHEL? *, Wiodzimierz JUSKIEWICZ",
Anna BECKER? and Leszek URBANKIEWICZ®

1 Polish Academy of Sciences, Institute of Geography and Spatial Organization, Department of Environmental Resources
and Geohazards, Kopernika 19, 87-100 Torun, Poland; ORCID: 0000-0001-5842-5157 [P.G.]; 0000-0003-4365-0938

[M.B.]; 0000-0002-6755-3975 [W.J.]

2 Polish Geological Institute — National Research Institute, Rakowiecka 4, 00-975 Warszawa, Poland; ORCID:
0000-0003-1079-9509 [J.R.]; 0000-0001-6255-4007 [A.B.]

3 Gostynin-Wioctawek Landscape Park, Kottataja 24, 87-820 Kowal, Poland

Gierszewski, P., Btaszkiewicz, M., Rychel, J., Juskiewicz, W., Becker, A., Urbankiewicz, L., 2025. The geodiversity of the
Gostynin-Wtoctawek Landscape Park (Poland) and its buffer zone — an attempt to quantify geotourism potential. Geological
Quarterly, 69, 38; https://doi.org/10.7306/gg.1811

Geodiversity, understood as the diversity of abiotic components (geological structures, landforms, rocks and sediments, and
hydroclimatic conditions), underpins geotourism development. We employed a standardized expert assessment to compare
the geotourism potential of seven geosites located within the Gostynin-Wtoctawek Landscape Park and its buffer zone, scor-
ing them for their scientific-educational and tourism values. Six sites: the lakes Goscigz, Rakutowskie, and Lucienskie; the
Goren Dune; the Wioctawek Reservoir; and Zamkowa Hill, show high geotourism potential, whereas the Kresy Nature Re-
serve (a raised bog) was rated as moderate. The highest scientific-educational scores were achieved by Lake Goscigz, the
Wioctawek Reservoir, and Zamkowa Hill, reflecting their ability to illustrate Quaternary history, dam-related channel and sed-
imentary processes, and mass-movement phenomena. Notably, Lake Goscigz and Zamkowa Hill are already listed in the
Central Register of Polish Geosites. The results indicate substantial opportunities for geotourism development in the region.

=

To fully realize this potential, targeted actions to improve access, interpretation, and promotion of the geosites are needed.
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INTRODUCTION

Geodiversity is a significant factor shaping the development
of geotourism (Thomas, 2012; Migon, 2012; Gorska-Zabielska
et al., 2024). Broadly, it refers to the diversity of natural abiotic
components, including geological rocks and structures,
geomorphological features, soils and other sediments, surface
water systems, groundwater, and climate conditions, all of
which contribute to the ecological hierarchy (Jedicke, 2001). In
a more holistic, integrated sense, geodiversity encompasses
not only the physical landscape but also its relations to
biodiversity and to humans and human culture (Kostrzewski,
1998; Stanley, 2004; Gdérska-Zabielska and Zabielski, 2017b).

A geodiversity evaluation conducted by Alexandrowicz et al.
(2004) found that young glacial landscapes demonstrate mod-
erate to low geodiversity. However, a number of researchers
(Kot and Sobiech, 2013; Kot, 2014; Najwer et al., 2016;
Gorska-Zabielska and Kamienska, 2017a) have contended
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that such young glacial landscapes in Poland are nevertheless
more diverse and interesting than previously suggested. While
flat surfaces such as moraine plateaus, outwash plains, and
meltwater erosion plains, along with valley floors and lake de-
pressions, do typically show lower geodiversity, regions charac-
terized by more varied topography, such as ice sheet marginal
zones, slopes, and hilly areas of different origins, tend to display
higher levels of geodiversity (Kot and Sobiech, 2013; Kot, 2015,
2017; Najwer et al., 2016).

Even so, despite this landscape diversity, these regions are
often assessed as having only moderate geotourism potential.
This was re-stated by Gorska-Zabielska and Kamienska
(2017a) in their study of the proposed geopark “The Post-Gla-
cial Land of the Drawa and Debnica River Valleys.” Neverthe-
less, Gorska-Zabielska and Kamienska (2017a) noted that the
addition of cultural heritage sites can enhance the geotourism
appeal of a given geosystem. Migon (2012) similarly observed
that national parks located in the Polish Lowlands tend to have
low geotourism attractiveness. On the other hand, Ratajczak-
Szczerba (2013) argued that even seemingly uniform lowland
landscapes offer valuable features such as landforms, erratics,
and exposed geological formations, which can be of interest to
geotourists.
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The geodiversity of the Plock Basin, particularly those parts
falling within the boundaries of the Gostynin-Wioctawek Land-
scape Park (GWLP), has not yet been thoroughly evaluated.
However, some aspects of its diversity have been explored in a
methodological study that focused on the potential application of
landscape metrics to evaluate geodiversity in the eastern and
central parts of the park (Malinowska and Szumacher, 2013).
Their findings indicate that moraine plateaus, relative to the val-
ley floor of the Vistula, are both more structurally complex and
more functionally capable: they support multiple geo-ecological
functions, encompass a wider spectrum of geomorphic pro-
cesses and landforms, and maintain higher habitat diversity and
connectivity. This observation aligns with conclusions drawn
from studies conducted in other parts of the Vistula River (Kot,
2015, 2017). Through the analysis of morphology, hypsometry,
and lithology, four distinct types of natural landscape have been
identified within the GWLP: (i) flat, erosional-accumulative ter-
races either devoid of dunes or (i) covered by scattered hills and
dune ridges (terrace-dune landscape), (iii) densely-set hills and
dune ridges on terraces, and (iv) flat biogenic plains (Niewia-
rowski and Kot, 2011).The development of geotourism typically
involves harnessing landscape features by establishing a net-
work of representative geosites, ranging in scale from individual
objects to large, geologically and/or geomorphologically diverse
areas (Alexandrowicz, 2003).

The aim of this study is to identify and evaluate the key
geosites within the Gostynin-Wioclawek Landscape Park
(GWLP) and its buffer zone, with particular emphasis on their
geodiversity and tourism potential. Through a detailed analysis,
we seek to determine the scientific, educational, and touristic
value of these sites and to demonstrate whether they can con-
tribute to the development of geotourism in the region. The re-
sults may serve as a basis for refining geotourism strategies, in-
cluding infrastructure expansion and targeted promotional ef-
forts.

GEOLOGICAL SETTING
AND GEOMORPHOLOGIC-HYDROLOGICAL
BACKGROUND OF THE STUDY AREA

The GWLP is located in the central part of the Ptock Basin
mesoregion, bordered by the Kujawy Lakeland and the
Inowroctaw Plain to the west, and by the Dobrzyn Lakeland to
the east (Solon et al., 2018; Rychling et al., 2021). The Ptock
Basin is one of the largest widenings of the Vistula River valley
system, spanning up to 20 km in width. It is a polygenetic
landform shaped by successive ding processes of glacial, flu-
vioglacial and fluvial erosion and accumulation operating during
the Vistulian Glaciation (Roman, 2010, 2012; Fig. 1). However,
most studies dealing with the morphogenesis of the Ptock Ba-
sin (see e.g., Skompski, 1969; Mojski, 1970; Roman, 2003;
Rychel and Lisicki, 2019) highlight its older provenance, trace-
able back to at least the Middle Polish Glaciation (Odranian and
Wartanian). The Ptock Basin is surrounded by moraine pla-
teaus, primarily composed of glacial till and locally covered by
sand-gravel fluvioglacial deposits. The surfaces of these pla-
teaus occur at elevations of ~90—135 m a.s.l. to the south of the
Ptock Basin and ~90-110 m a.s.l. to the north.

The landscape of the Ptock Basin is dominated by exten-
sive morphological levels occurring at elevations of 98-95 m,
92-90 m and 82-80 m a.s.l., all related to the drainage and par-
tial damming of meltwater flow from the retreating ice sheet be-
tween the Poznan and the Pomeranian glacial phases. Below

the levels of the ice-marginal valley, a system of river terraces is
visible, with elevations descending along the river course down
to the recent floodplain, currently covered by the waters of the
Wioctawek Reservoir.

Both the ice-marginal valley levels and the river terraces are
incised by tunnel valleys, which are a distinctive geomorpho-
logical feature of the GWLP. These valleys form a number of
extensive systems, exceeding 20 km in length (Fig. 1). Despite
their significant length, these valleys are nevertheless relatively
narrow — with average widths ranging from 300 to 500 m — while
their depths, relative to ice-marginal valley levels and river ter-
races, can reach up to 50 m. In the Ptock Basin, these land-
forms were created during the Poznan glacial phase by erosion
from channelized meltwater flows under hydrostatic pressure.
Immediately after incision, the valleys were infilled with dead ice
blocks, over which meltwaters and river waters flowed, forming
the ice-marginal valley terraces. Subsequent melting of dead
ice, primarily occurring during the Bglling-Allergd interstadial
(14700 to 12700 cal. years BP) exposed the tunnel valleys,
leading to the formation of lakes within them (Btaszkiewicz,
2007).

The Gostynin-Wioctawek Lakeland’s location within a large
ice-marginal valley is an exceptional feature on the Great Euro-
pean Plain, given that most lakelands were formed on moraine
plateaus or outwash plains (Roman, 2010). The presence of
tunnel valleys on the ice-marginal valley terraces of the Ptock
Basin is an important geomorphological feature, indicating both
the preservation of such glacial landforms by dead ice blocks
and the older origins of this part of the Vistula River ice-marginal
valley.

The terraces are characterized by numerous sand dunes
(Urbaniak, 1967; Rychel et al., 2018; Kruczkowska et al., 2020).
The first aeolian phase in this area appeared in the Oldest
Dryas stadial (i.e., prior to 14,700 cal. years BP), when
periglacial conditions, along with persistent permafrost, gener-
ated aeolian sand plains with numerous ventifacts. However,
the main dune-forming phase in the Ptock Basin took place dur-
ing the Younger Dryas (between 12,700 and 11,700 cal. years
BP). During that period, large dunes, up to 20 m tall, were
formed under shrub tundra conditions but with less extensive
permafrost, which was conducive to a greater availability of
sand. These dunes usually form large fields where parabolic,
transverse and irregular varieties can be observed (Fig. 1).

The erosional-accumulative activity of fluvioglacial waters
led to the infilling of the Ptock Basin with sands and gravels. In
most of the area, these deposits now host a single groundwater
body with an average thickness of 40-45 m (Skompski, 1969;
Glazik, 1992). The hydrographic systems of the Ptock Basin are
supplied by lateral groundwater flows and surface runoff from
moraine plateaus, as well as by ascent from Miocene-Pliocene
groundwater bodies and by meteoric waters infiltrating the
highly permeable basin floor. In the northern part of the basin,
both groundwaters and surface flows are locally recharged by
infiltration from the Wioctawek Reservoir (Gierszewski, 2000).

The GWLP is drained by three main river systems and the
Main Canal. The largest is the 48.5 km-long Skrwa Lewa River,
with a 400.4 km? catchment (=150 km? within the park); it flows
through the Lucienskie and Biate lakes, is impounded at
Soczewka (0.46 km? reservoir), and empties into the Wioctawek
Reservoir (Brykata, 2009). In the south, the 38 km-long
Rakutéwka River (~260 km? catchment, 99 km? in the GWLP)
flows parallel to the Kujawy Plateau before joining the Lubienka
— a tributary of the Zgtowigczka and, ultimately, the Vistula be-
low the dam. Several ~10 km streams (Ruda, Zuzanka, Ryb-
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Fig. 1. Location of geosites referred to the geological setting and main landforms of the Ptock Basin (lithology and stratigraphy
after Marks, 2022)
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nica) drain the central dune fields into the Wioctawek Reservoir.
The Main Canal (built 1963-67) diverts plateau and valley wa-
ter into the reservoir and regulates its infiltration (Gierszewski,
2000).

Lakes are a key feature of the GWLP’s hydrography. There
are 51 lakes covering surface areas larger than 1 hectare, ar-
ranged in two rows: northern and southern. The southern row
splits into two branches near Skrzyneckie Lake. Most of the
lakes (45) are small (covering up to 50 ha) and shallow (with 31
lakes being <5 m deep). The largest — Rakutowskie Lake — cov-
ered 3.51 km? back in the 1920s (Lencewicz, 1929), but this
shallow body of maximum depth 2 m has shrunk by 70% over
the decades, now covering just 1 km? (Bartczak et al., 2019).
Other larger lakes include Lucienskie Lake (2.03 km?) and Biate
Lake (1.5 km?), the latter being the deepest in the GWLP, at
31 m. The second deepest is Goscigz Lake (24 m), followed by
the Lucien Lake (20 m).

METHODS

To assess the geotourism potential of the Gostynin-Whocta-
wek Landscape Park (GWLP), seven geosites (GS1-GS7)
were selected. Five of them are located within the park bound-
aries (Lake Goscigz, Lake Rakutowskie, Lake Lucienskie, the
dune in Goren, and the Kresy raised bog), while two — Zamko-
wa Hill in Dobrzyn nad Wistg and the Wioctawek dam with its
reservoir — are situated in the park’s buffer zone (Fig. 1).

The locations selected represent key elements of the
young-glacial and postglacial landscape typical of the region,
including ribbon lakes, dune hills, and biogenic plains (Rychel et
al., 2014). Their selection was based on scientific, landscape,
educational, and cognitive criteria. These sites provide opportu-
nities to present glacial and postglacial processes, as well as
subsequent transformations of the abiotic environment, such
as aeolian, fluvial and biogenic activity.

A particularly important role is played by the Wioctawek
dam and its reservoir, which represent an example of anthro-
pogenic transformation of a river system. This location allows
for the discussion of issues related to the modification of the hy-
drological regime, changes in river channel morphology, and
sedimentation processes in a dammed environment. The res-
ervoir also serves an educational function in terms of illustrating
the impact of large hydrotechnical structures on the geological
and geomorphological environment.

Zamkowa Hill in Dobrzyn nad Wistg, on the other hand, is a
topographic feature that provides insight into the geological
structure of the region, exposing both Quaternary and older
Mio-Pliocene deposits. This site is of significant stratigraphic
and cognitive value and additionally represents the effects of
contemporary geodynamic processes, such as landslides,
slumps, and wave-induced abrasion. The combination of scien-
tific value with landscape and cultural-historical qualities makes
this location particularly valuable for educational geotourism.

All geosites selected are characterized by good landform
exposure, accessibility, and high potential for geotourism inter-
pretation. They enable the integration of geological heritage
with other forms of cognitive tourism, which aligns with the prin-
ciples of sustainable development in protected areas.

The geotourism potential of selected geosites within the
GWLP and its buffer zone was evaluated using the ranking
method developed by Chrobak-Zuffova (2023). This method
was derived from a critical review of 60 geosite evaluation ap-
proaches, and integrates modified criteria from Pereira and
Pereira (2010) and Fassoulas et al. (2012). In this framework,
scientific-educational (VE) and tourism (VT) scores are com-

bined into an overall geosite value index (VK) following
Warszynska (1970). However, it must be noted that this type of
evaluation has the potential shortcoming of being highly subjec-
tive (Chrobak, 2021). This limitation can be mitigated by meth-
ods such as expert triangulation (Flick, 2011). As such, the
three authors of the present paper, each with different special-
izations in the geosciences (geology, geomorphology, hydrol-
ogy), independently conducted three evaluation procedures us-
ing the same methodology. The averages of the values ob-
tained by each investigator was taken as the final VK index val-
ues for each geosite.

CHARACTERIZATION OF SELECTED GEOSITES

Of the seven sites selected for the assessment of geo-
tourism potential, two (Zamkowa Hill and Lake Goscigz) are al-
ready listed in the Central Register of Polish Geosites
(https://geologia.pgi.gov.pl/geostanowiska). Zamkowa Hill, cat-
aloged as KDG 395, is a remnant of the moraine plateau in the
Vistula River Valley, while Goscigz Lake is registered under
KDG 3322 and its associated nature reserve as KDG 4318. In
this study, Goscigz Lake is treated as part of the nature reserve.
Additionally, the lake is included in the Catalogue of Geosites
within the Abiotic Nature Monuments and Reserves (Bartus et
al., 2012).

Both Zamkowa Hill and Goscigz Lake have been proposed
for inclusion in the European Geosites Network, which is part of
the IUGS Global GEOSITES project managed by the European
Association for the Conservation of Geological Heritage
(ProGEO) (Alexandrowicz, 2003). The selection of the Wiocta-
wek Dam and Reservoir as geosites was based on their
geoeducational significance. These structures offer valuable in-
sights into the interaction between humans and the environ-
ment, particularly in understanding the impact of hydrotechnical
constructions on river systems. Visitors can also observe natu-
ral morphodynamic processes, such as sedimentation (alluvial
and lacustrine), erosion, and abrasion, which are influenced by
the dam and reservoir.

The inclusion of a river dam as a geosite is not unusual, as
seen with the Pilchowice Dam on the Bobr River, which is also
part of Poland’s Central Register of Geosites, and other notable
dams, such as those on the Kwisa River (Lodzinski et al., 2009)
and the EI-Abid River in Morocco (Rais et al., 2021).

GS1 - Gosciaz Lake. Goscigz Lake occupies a part of a
tunnel valley, cut into the terrace of the ice-marginal valley near
the village of Dobiegniewo in the Ptock Basin (Fig. 2). The tun-
nel valley was formed beneath the ice sheet by the erosional
force of meltwater under hydrostatic pressure. When the ice
sheet receded, the valley was filled with blocks of dead ice cov-
ered over by several metres of clastic deposits. During the first
significant climate warming, in the Bglling interstadial, a peat
bog developed on the surface through a process known as
paludification. Shortly thereafter, during the Middle Allergd
interstadial (~13,000 cal. years BP), the dead ice melted, caus-
ing the peatbog sediments to collapse onto the tunnel valley
bottom, forming as thin (5 cm) basal peat layer. Subsequently,
this layer was covered by the sediments of a newly formed lake
in the tunnel valley (Wieckowski, 1993).

Today Goscigz Lake covers an area of 41.7 ha and its maxi-
mum depth reaches 24 m (Ralska-Jasiewiczowa et al., 1998). It
forms part of the hydrological system of the Ruda River, which
connects several smaller lakes before flowing into the
Wioctawek Reservoir. However, during dry seasons, these con-
nections between lakes intermittently disappear. Goscigz Lake
is recharged primarily by groundwater migrating from the south-
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Fig. 2. Gosciaz Lake (photo P. Twardowski)

ern part of the ice-marginal valley towards the Vistula River
channel. Groundwater outflows are visible as descending,
subslope springs of stratified-erosional type along the southern
shore of the lake, where ~50 outflows have been identified.
Some of these springs originate on the slope of the tunnel val-
ley, where small edge-headwater niches have also been ob-
served (see Mazurek, 2010; Fig. 3).

In the early 1990s, the total discharge from these springs
along the southern shore of Goscigz Lake was estimated at
~25 I/s (Gierszewski, 2000), but by 2004 this had decreased to

Fig. 3. Spring niche in the slope of the subglacial tunnel
valley of the Goscigz-Mielec lakes system
(photo M. Fojutowski)

<9 /s (the authors’ unpublished data). Recent monitoring of two
springs, carried out from 2017 to 2022, revealed average dis-
charges of 1.0 and 0.15 I/s, with no significant interannual varia-
tion (the authors’ unpublished data). Chemical analysis of the
spring water indicated a low-alkaline pH (7.8), relatively low
TDS (285 mg/l) and HCO;—Ca hydrochemical composition
(Gierszewski, 2000).

Goscigz Lake rose to scientific prominence in the 1980s,
when K. Wieckowski of the Polish Academy of Sciences dis-
covered its annually laminated lacustrine deposits. These de-
posits revealed that from the very beginning of the lake’s his-
tory, i.e., since almost 13,000 cal. years BP, carbonate-dia-
tomaceous gyttjas have been deposited at the bottom, forming
macroscopically visible, lighter and darker annual pairs of
laminae with an average thickness of 0.8 mm. This lamination
resulted from seasonal changes in bioproduction in the lake. In
the spring, after the ice cover melted, phytoplankton (mostly di-
atoms) proliferated, which resulted in mass assimilation of car-
bon dioxide from the water. This, in turn, triggered precipitation
of calcite, which deposited at the bottom forming a lighter
lamina. In the autumn, when most organisms living at the lake
bottom died off, a darker lamina was deposited, rich in organic
matter. This process resulted in the accumulation of a
15-metre-thick succession of perfectly annually laminated de-
posits in the deepest part of Goscigz Lake (Ralska-Jasie-
wiczowa et al., 1998).

One of the most pressing challenges in Earth sciences is
understanding global climate change and its impact on the nat-
ural environment. However, scientific discussion of these is-
sues must be based on a foundation of reliable knowledge of
past  climates (palaeoclimate)  and environments
(palaeoenvironments). High-resolution records of palaeoen-
vironmental changes from sedimentary environments are
therefore invaluable for this purpose. Annually laminated lake
deposits are particularly significant, due to their proximity to hu-
man habitats. Close analysis of such deposits enables re-
searchers to not only study palaeoclimate changes but also un-
derstand the role of human activity in such interactions
(Braueret et al., 2009). Because the formation and preservation
of such laminae require specific conditions, only a few geosites
worldwide are known to contain such annual lamination dating
back more than 10,000 years (Zolitschka et al., 2015). As such,
the nearly 13,000 annual pairs of laminae from Goscigz Lake
represent a rare and unique archive of Earth’s history. These
deposits have been the focus of extensive interdisciplinary re-
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Fig. 4. Rakutowskie Lake (photo P. Twardowski)

search, yielding important insights into global climatic and envi-
ronmental changes in the Late Glacial and Holocene
(Ralska-Jasiewiczowa et al., 1998; Mdller et al., 2020; Bonk et
al., 2021; Ptécienniket et al., 2022; Btaszkiewicz et al., 2025).

Access to the geosite is via a compacted dirt road accessi-
ble to vehicles, turning off road 62 just before the village of
Dobiegniewo, and leading to a forest car park (~6 km). Then,
one walks ~2 km along a forest track to the viewpoint by the
beach on the south-eastern shore of the lake. At the beach
there are two information boards about the lake’s origin and its
lacustrine deposits. The site lies on the Main Trail of the Ptock
Basin (Szlak Gtéwny Kotliny Ptockiej). A snack bar is located at
the turn-off from road 62 onto the dirt road.

GS2 - Rakutowskie Lake. Rakutowskie Lake is situated in
the southern portion of the Ptock Basin, within Terrace VI of the
ice-marginal valley, near the Kujawy Moraine Plateau
(Wisniewski, 1976). The lake covers the central part of a large,
somewhat elongated depression, with its morphological axis
running parallel to the adjacent moraine plateau (Fig. 4).

The lake basin was most likely formed by the melting of bur-
ied dead ice blocks, presumably during the Belling-Allerad
interstadial (14,700-12,700 cal years BP). Another possible
contributing factor to its formation may have been the burial of
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ice in extensive, braided river channels during the formation of
Terrace VI. The outer portions of the lake basin are filled with
muddy sands, 2—3 m thick, characteristic of shallow, periglacial
lakes. In the central area of the lake basin, biogenic plains de-
veloped, as the lake gradually became infilled with bottom sedi-
ments, mostly carbonate gyttjas followed by a low moor peat
bog (Bartczak et al., 2019). Currently, the lake is very shallow
(with a maximum depth of only 2.9 m). This shallow depth
means that even small differences in seasonal and annual re-
charge cause significant fluctuations in the lake’s surface area,
of up to 0.7 km?. Rakutowskie Lake and its close surrounding
are part of an ornithological preserve, serving as a nesting site
for many bird species.

Access to the geosite is from the town of Kowal via road
2907C to the village of Debniaki, then continues on road
190906C to the observation tower in Krzewent, where there is a
parking area. Next to the tower there are two information boards
about the geosite. The viewpoint lies along the GWLP educa-
tional trail “Niecka Klocienska”.

GS3 - Lucienskie Lake. Tunnel valleys are characteristic
landforms of the Gostynin-Witoctawek Lakeland, where they
form several systems reaching up to 10 km in length (Fig. 5).
The longest of these is the system of the Lubienskie-Skrzy-

Fig. 5. Lucienskie Lake (photo L. Urbankiewicz)
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Fig. 6. Parabolic dune in the vicinity of Goren (photo L. Urbankiewicz)

neckie i Gorenskie lakes. Although lengthy, these tunnel valleys
are relatively narrow landforms, with average widths of ~400 m,
but they are exceptionally deep-reaching depths of up to 50 m
relative to the ice-marginal valley terraces they cut through (Ro-
man, 2010).

Like other such landforms in the Ptock Basin, the tunnel val-
ley of Lucienskie Lake was formed during the Poznan Phase of
the Last Glacial Period. It resulted from the subglacial erosional
activity of meltwaters under hydrostatic pressure. Immediately
after the tunnel valley formed, it was filled with blocks of dead
ice, over which meltwater continued to flow, eventually creating
an ice-marginal valley terrace. Later the melting of the dead ice
(presumably in the Allergd Interstadial) uncovered the valley
and led to the formation of Lucienskie Lake. In the Ptock Basin,
the presence of tunnel valleys incised into an undoubtedly
younger terrace of the ice-marginal valley is significant, in that it
demonstrates the role of dead ice blocks in preserving these
ancient tunnel valleys.

Access to the site from the village of Lucien is by a local
road towards Miatkéwek, along the southern edge of the tunnel
valley. Two parking areas are located next to snack bar. A short
walk of several tens of metres leads to the lake shore. The view-
point is equipped with information boards. A cycle route passes
the site.

GS4 — Goren Dune. An important feature of the GWLP
landscape is the presence of extensive dune fields that have
formed over the sand terraces. In addition to these fields, indi-
vidual large dunes also stand out, such as the parabolic Goren
Dune, which rises to a height of ~8 m (Fig. 6). This dune has
well-defined arms extending ~465 m to the west, with asymmet-
rical slopes: a gently sloping proximal side and a steeper distal
slope. The Goren Dune is a classic example of inland aeolian
deposition that occurred during cold periods of the Late Glacial,
under conditions of intermittent permafrost and sparse tundra
vegetation (Rychel et al., 2018).

Access from road 265 in Baruchowo is via local road 2918C
towards Kiotno, then continues towards Goren. Before the vil-
lage, there is ~200 m walk along a gravel track to the dune ex-
posure at the road cutting. A marked cycle route runs nearby.

GS5 — Kresy Nature Reserve. The Kresy Nature Reserve
derives its name from the medieval border between the histori-
cal provinces of Cuiavia (Kujawy) and Masovia (Mazowsze).

The reserve’s raised bog is situated in the northern region, at
the center of a small, shallow depression surrounded by exten-
sive dune fields. Its position and morphology suggest that it
originated as a blowout depression, formed by the deflation of
fine sand during the Younger Dryas. According to our investiga-
tion, after aeolian activity had ceased, a rising groundwater ta-
ble during the early Holocene led to the formation of a small
lake ~7 m deep (our unpublished data). As gyttjas accumulated
at the lake bottom, the lake rapidly became shallower, allowing
a low-moor peat bog to spread over the lacustrine sediments.
With a shift from waterlogged to rain-fed conditions, the area
transformed into a transitional peat bog, eventually developing
into a raised bog (Fig. 7). This is indicated by the fact that the
raised bog is characterized by a slightly dome-shaped surface
surrounded by a waterlogged margin. This succession repre-
sents a typical example of biogenic sedimentary deposition in
shallow lakes.

Access to the site is via road 573 from Nowy Duninéw,
~3 km towards Gostynin. The site lies directly by the road; there
are no designated parking places, and stopping is only possible
at the roadside, with a view of a small pond and the raised-bog
dome. Shops and food outlets are available in Nowy Dunindw.

GS6 — Wioctawek Dam and Reservoir. The Wioctawek
Damis a 1,200-metre-long hydrotechnical structure comprising
five key components: (i) a weir, (i) a 160 MW hydroelectric
plant, (iii) a lock, (iv) a fish pass and (v) a head dam. It was built
between 1963 and 1970 at the 674.8 km mark of the Vistula
River's course, as a part of the Lower Vistula Cascade — a
planned system of 7-9 dams, which has never been built. The
damming of the river by 11.3 m resulted in the creation of a
large (75 km2) water body known as the Wioctawek Reservoir
or Wioctawek Lake (Fig. 8). At normal water levels the reservoir
is 57 km long, an average of 1.2 km wide and 5.5 m deep, with a
maximum depth of 15 metres. Its current volume is estimated at
370 million cubic metres, making it the second-largest reservoir
in Poland (Gierszewski, 2018).

The Wioctawek reservoir was designed for multiple pur-
poses: power generation, navigation, flood control, and provid-
ing water for agriculture and industry. Today, its primary func-
tion is hydroelectricity production, with a secondary recreational
function and an only marginal flood control function due to its
low usable capacity. The focus on energy generation — particu-
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Fig. 7. Kresy Reserve, raised-bog dome (photo L. Urbankiewicz)

larly prior to 2002, when the power plant was operating on a
peaking basis — resulted in high variability of daily flow rate dy-
namics.

The Wioctawek Reservoir has caused significant environ-
mental changes in the Vistula River valley. One of the most
spectacular impacts in the early years was the reappearance of
mass movements and strong abrasion on the high banks. An-
other key change was in the transport of clastic sediment. The
flow rate decreases significantly towards the dam, from
50-70 cm/s upstream of, to 8—6 cm/s near the dam (during av-
erage discharge for the Vistula River). This has resulted in the
deposition of a mass of sand and gravel in a fan delta at the res-
ervoir's upper end. Sand has also accumulated in shallower
parts of the reservoir (up to 6 m depth), where the bottom was
above the wave base. Additionally, the reservoir traps 25-70%
of suspended material, depending on hydrological conditions.
This suspended load settles as dark, silty-clayey sediments in
deeper parts of the reservoir, which unfortunately tend to collect
hazardous substances including toxic metals, persistent or-

ganic pollutants and polycyclic aromatic hydrocarbons. How-
ever, due to the relatively low content of clay minerals and or-
ganic matter in the sediments, in tandem with the reservoir's
strong water mixing, only cadmium has been detected in ele-
vated concentrations in the bottom sediments.

Downstream from the dam, the lack of coarse clastic sedi-
ments and the high energy of water discharge have caused se-
vere erosion in the river channel, increasing its depth by 3.5 m
near the weir and by 2.1 m along a 10-km stretch downstream.
This erosion front is gradually moving towards the Vistula River
mouth and is now located between the towns of Torun and
Solec Kujawski (Habel, 2013). Beyond the erosional zone, an
accumulation zone forms where material eroded from the
riverbed is deposited.

There is a Geosite on the dam with views of the reservoir, its
shores, and the Vistula Valley in Wioctawek, and information
boards at the viewpoint. Access from Wioctawek is via road no.
67. Parking is available on the dam crest and by the dam on the
right bank of the Vistula.

Fig. 8. The Wioctawek Dam and Reservoir (photo L. Urbankiewicz)
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Fig. 9. Zamkowa Hill — relic of a moraine plateau in Dobrzyn nad Wista
(photo L. Urbankiewicz)

GS7 — Zamkowa Hill. Zamkowa Hill is an outlier of the mo-
raine plateau, rising via a steep (50°) slope to 40 m in height.
The plateau edge directly contacts the abrasion-accumulation
coastal platform of the Wioctawek Reservoir (Fig. 9). At the
edge zone, Neogene deposits are exposed, mostly Miocene
sands and silts intercalated with lignite layers, and Pliocene
clays. Above these lie Quaternary deposis consisting of two lay-
ers of moraine till, 15 to 30 m thick in total, separated by a 3-m
layer of sand and gravel with a glacial pavement. The Quater-
nary deposits rest relatively horizontally whereas the underlying
Neogene strata are glaciotectonically disturbed, with numerous
folds oriented almost perpendicular to the shoreline of the
Wioctawek Reservoir (Banach, 1977; Roman and Zuk, 2019).
This geological configuration, combined with significant eleva-
tion differences, facilitates the development of landslides at the
edge zone of the moraine plateau.

The central landslide on the Zamkowa Hill slope is an old
structure, that was active before the Wioctawek Reservoir was
constructed in 1969. However, the filling of the reservoir trig-
gered intense undercutting of the lower slopes by wind-driven
waves (abrasion; Kaczmarek et al., 2015). This, in turn, dis-
tinctly accelerated landslide activity. Over the first 10 years, the
landslide progressed at a rate of 3.6 m per year, slowing to

1.0-1.7 m per year more recently. Today, the landslide is
~220 m long, 60-90 m wide, and covers nearly 2 hectares. Mor-
phologically, it is a rotational landslide with a distinct scarp and
crown at the top and its main body at the base. The average
thickness of the colluvium is ~7 m, with the rupture surface oc-
curring at the contact between the colluvium and the bedrock
(Kaczmarek et al., 2015).

Above the landslide lies Zamkowa Hill, separated from the
main plateau by a trough formed by denudation. This trough
was later utilized by humans and during the stronghold’s exis-
tence it was converted into a moat-like structure (Andrzejewski,
2000).

Access is via a 250 m walk from Plac Wolnosci, first along
Farna Street, then along a dirt path. Parking is available at Plac
Wolnosci and on Farna Street. Information boards are located
along the approach to the site.

GEOSITE VALORIZATION AND DISCUSSION

Evaluation of the seven geosites indicates generally high
geotourism potential (Table 1). Lake Goscigz was assigned to
Group | (special value), five geosites to Group Il (high value),

Table 1
Summary results of geosite valorization
Geositename Category VE VT VK Index Group
GS1 — Gosciaz Lake lake 51.13 59.23 53.56 0.77 |
GS2 — Rakutowskie Lake lake 40.57 51.97 43.99 0.63 I
GS3 - Lucienskie Lake lake 22.83 61.80 34.52 0.49 I
GS4 - Goren Dune dune 28.33 50.13 34.87 0.50 Il
GS5 — Kresy Nature Reserve peatbog 22.57 33.27 25.78 0.37 1]
GS6 — Wioctawek Dam and Reservoir river 42.03 61.33 47.80 0.68 Il
GS7 — Zamkowa Hill landslide 45.90 56.80 49.17 0.70 Il
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Table 2

Expert evaluation of geosites according to scientific-educational and tourism values

Geosite name Valorization according scientificceducational and tourism criteria
Expert 1 Expert 2 Expert 3
GS1 — Goscigz Lake 0.70 0.84 0.76
GS2 — RakutowskieLake 0.63 0.65 0.60
GS3 — Lucienskie Lake 0.49 0.51 0.49
GS4 — Goren Dune 0.45 0.49 0.56
GS5 — Kresy Nature Reserve 0.30 0.38 0.42
GS6 — Wioctawek Dam and Reservoir 0.69 0.68 0.68
GS7 — Zamkowa Hill 0.86 0.53 0.71

and the Kresy Preserve, a peat bog ecosystem, to Group llI, re-
flecting moderate scientific-educational and tourism values.
Detailed results are shown in Tables 1 and 2.

The highest ranking, based on the average geosite value in-
dex (VK), comparable to that established by Warszynska
(1970), was ascribed to GS1 — Goscigz Lake. Slightly lower
scores were assigned to GS6, GS7, and GS4 (Table 1), in a
ranking order influenced by two of the three experts (Table 2).
One expert, however, awarded the top rank to GS7 (Zamkowa
Hill), followed by GS1 and GS6. All three experts agreed that
the lowest score went to GS5 (Kresy Peatbog), reflecting its lim-
ited potential.

When only the scientific-educational values were consid-
ered (as per Chrobak et al., 2020), the rankings of the geosites
improved significantly. Gosciaz Lake (GS1) was placed in
Group | for its exceptional scientific and educational value,
scoring over 50 out of 60 points. One expert even awarded it the
maximum score, though another noted that a specialized know-
ledge base is necessary to fully appreciate the geosite. The
GWLP has partly addressed this issue by installing educational
information boards along the lake’s shore (Fig. 10). Goscigz
Lake has also earned high rankings in the Central Register of
Geosites in Poland for its educational (7/10) and scientific
(10/10) appeal. However, in the Catalogue of Geotourism Ob-
jects (Bartus et al., 2012), its cognitive value was rated lower,
with only regional significance.

Sites GS6 and GS7, located near the boundary of the
GWLP, were ranked in the upper ceiling Group Il for their scien-
tific-educational value. One expert rated GS7 (Zamkowa Hill)
as the most valuable, awarding it 57.5 out of 60 points. It re-
ceived a similarly high score (8/10) in the Central Register of
Geosites. However, the other two experts pointed out that
Zamkowa Hill’s scenic value was relatively low and that many
similar geosites exist in Poland, leading to a VE index score of
45.9.

This disparity in evaluation stems from differing perspec-
tives on Zamkowa Hill’s features. Viewed solely as a landslide
or moraine plateau remnant, its similarity to other geosites is
apparent. However, when considered holistically — as an outlier
of the moraine plateau shaped by mass movements and
anthropogenic activity — Zamkowa Hill proves to be quite a
unique geosite. Its location on the edge of the Vistula River val-
ley and its distinctive geological structure, with highly
glaciotectonically disturbed Neogene strata, make it excep-
tional in the Polish Lowlands (Brykczynski, 1982; Roman and
Zuk, 2015, 2019). Additionally, the combination of Pliocene
clays and the valley’s hydrogeological conditions drive signifi-
cant mass movement activity (Banach, 1977; Kaczmarek et al.,
2015).

Human activities from the eleventh century to the present,
including the construction of an Early Medieval castle at the
edge of the moraine plateau and the more recent Wioctawek
Dam, have further transformed the landscape. The dam altered

Fig. 10. High substantive level of information boards at the Gosciaz Lake shore
as a good example of direction for the development of geotourism infrastructure
(photo L. Urbankiewicz)
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hydrogeological conditions and intensified mass movements
along the valley scarp, exposing the disturbed Neogene strata
and enhancing the geosite’s scientific appeal.

All experts agreed on the unique scientific-educational
value of the Wioctawek Dam (GS6). The Rakutowskie Lake
geosite scored almost 52, recognized as a rare lacustrine-peat-
bog ecosystem with a water balance highly dependent on both
weather conditions and human activity (Bartczak et al., 2019).
Lower scientific-educational scores (Group IlI) were given to
Lucienskie Lake (GS3) and the Goren Dune (GS4), as similar
landforms are common across the Vistulian Glaciation land-
scapes in Poland. The Kresy Peatbog site (GS5) received the
lowest score (Group lIl), with experts noting that peat bogs are
widespread, the landscape is monotonous, and it is the only
geosite not discussed in the global scientific literature.

In contrast to scientific-educational values, the ranking of
tourism attractiveness (VT index) showed less variation. Most
of the geosites examined scored between 50 and 61 out of a
maximum of 90 points, with lower scores given to the Goren
Dune (GS4, 50 points) and Kresy Peatbog (GS5, 33 points).
Nevertheless, all geosites were classified in Group |l for their
high tourism value. Experts highlighted the lack of infrastructure
(e.g., accommodation and restaurants) and the distance to ex-
isting facilities as factors reducing their tourism appeal. Addi-
tionally, promotion of some of these geosites is inadequate and
most of them are not yet formally recognized as geosites.

The classification based on the VK index (Table 1) reveals a
clear gradient of geotourism potential: one flagship site (GS1) is
in Group |, most sites in Group Il, and one low-scoring site
(GS5) is in Group lIl. This pattern is consistent with quantitative
geoheritage assessment frameworks in which core/scien-
tific—educational values (VE) typically drive the upper end of the
ranking, whereas tourism values (VT) show less dispersion be-
cause they depend more on infrastructure and management
conditions than on a site’s intrinsic uniqueness (cf. GAM and its
modifications; e.g., Fassoulas et al., 2012; Brilha, 2016). Differ-
ences in the scores of GS7 (Zamkowa Hill) clearly illustrate a
scale effect: at the national scale, comparable landforms are
numerous, whereas at the local scale the site is exceptional.
The literature emphasizes that scientific value combines rarity,
representativeness, integrity, and state of knowledge, and that
the spatial frame of reference should be made explicit in report-
ing because it directly conditions the outcome (Reynard et al.,
2016; Brilha, 2016).

The assessment inevitably contains a subjective compo-
nent (choice of criteria and weights, interpretation of thresholds,
frame of reference, differences in expert experience), and some
VT indicators reflect current infrastructure and promotion rather
than properties inherent to the geosite. In our case, we limited
subjectivity to some extent through a short team “calibration”
before scoring (independent scoring followed by a consensus
meeting) and by checking inter-rater agreement. Another way
to reduce arbitrariness would be to complement the assess-
ment with a visitor-preference module (e.g., M-GAM; Tomi¢ and
Bozi¢, 2014). However, agreement between expert valuations
and visitor preferences can be limited: in the Sub-Tatra case

study by Chrobak-Zuffova (2023), the correlation between the
synthetic valorization index (VK) and tourists’ preferences was
moderate (r ~ 0.4), and respondents tended to favor features
with strong scenic/experiential appeal. These findings support
enriching expert assessment with preference weights in the
spirit of M-GAM, which helps align development priorities with
user expectations while preserving the primacy of scientific val-
ues. At the current stage, aimed at a consistent, regionally com-
parable expert assessment and classification of geosites the
expert approach is, in our view, the optimal solution.

CONCLUSIONS

The geosites studied within and around the Gostynin-Wio-
ctawek Landscape Park (GWLP) show significant educational
value, offering valuable insights into the region’s geomorphol-
ogy, geology, and palaeogeography. The assessment of their
geotourism potential indicates high scientific, educational and
tourist values. Consistent with the findings of Kot and Sobiech
(2013), the development of geotourism in areas with diverse
young glacial landscapes depends not only on individual spec-
tacular sites but also on geodiversity, or the complexity and
variation of abiotic environmental components. The results of
this study suggest that the scientific and educational value of
these geosites could be further enhanced by improving tourism
infrastructure and increasing promotion. Gorska-Zabielska
(2023) emphasized the significant educational potential of low-
land geosites in raising public awareness about nature conser-
vation and the impact of human activity on the environment.

The GWLP plays a key role in the wildlife corridor along the
Vistula River valley, connecting Kampinos National Park with
the Bydgoszcz Forest. In terms of landscape diversity, it shares
similarities with the Kampinos National Park, both featuring
well-preserved dune fields, old-growth forest remnants, and
wetlands within the Vistula River ice-marginal valley. However,
the factors that drive tourism in these areas differ significantly.
Kampinos National Park benefits from its proximity to Warsaw
and its historical and cultural significance, which boost its at-
tractiveness to tourists. Kampinos uniquely combines natural
beauty with cultural heritage and history, which enhances its
appeal.

To increase the tourism potential of the GWLP, its current
recreational and leisure focus could be expanded to include
geotourism, capitalizing on the region’s natural features. The
GWLP’s well-established educational programs could be up-
dated to include modern knowledge about its geoenvironmental
assets. This would not only attract school groups but also en-
courage the broader development of geotourism in the region.

Acknowledgements. The authors would like to thank the
reviewers, Lucyna Wachecka-Kotkowska and Anna Chrobak-
Zuffowd, for valuable and insightful comments and corrections
have allowed improved our manuscript. The research was
co-financed by the Ministry of Science and Higher Education.

REFERENCES

Alexandrowicz, Z., 2003. Protection of the Polish geological heri-
tage within the European framework of geosites (in Polish with
English summary). Przeglad Geologiczny, 51: 224-230.

Alexandrowicz, Z., Dyduch-Falniowska, A., Mroz, W., 2004. The
pattern of geo- and biodiversity conservation in Poland. In: Natu-
ral and Cultural Landscapes (ed. M. Parkes): 53-56. The Geo-
logical Foundation, Royal Irish Academy, Dublin.

Andrzejewski, A., 2000. Géra Zamkowa w Dobrzyniu n/Wistg w
Swietle badan archeologicznych (in Polish). Z dziejéw Ziemi
Dobrzynskiej, 5: 7-14.

Banach, M., 1977. The growth of landslides on the right-bank slope
of the Vistula Valley between Dobrzyn and Wioctawek (in Polish
with English summary). Prace Geograficzne, 124.


https://doi.org/10.3390/w11010032
https://doi.org/10.1007/s12371-014-0139-3
https://doi.org/10.1007/s12371-014-0139-3
https://doi.org/10.3390/resources12020025
https://doi.org/10.1007/s12371-011-0046-9
https://doi.org/10.3390/su152216115
https://doi.org/10.1007/s12371-015-0153-0
https://doi.org/10.1007/s12371-015-0153-0

12 Piotr Gierszewski et al. / Geological Quarterly, 2025, 69, 38

Bartus, T., Bebenek, S., Doktor, M., Stomka, T. (eds.), 2012. The
catalogue of geotourist sites in nature reserves and monu-
ments. AGH University of Science and Technology, Krakéw.

Bartczak, A., Stowinska, S., Tyszkowski, S., Kramkowski, M.,
Kaczmarek, H., Kordowski, J., Stowinski, M., 2019.
Ecohydrological changes and resilience of a shallow lake eco-
system under intense human pressure and recent climate
change. Water, 11, 121; https://doi.org/10.3390/w11010032

Blaszkiewicz, M., 2007. Geneza i ewolucja mis jeziornych na
mtodoglacjalnym obszarze Polski — wybrane problemy (in Pol-
ish). Studia Limnologica Telmatologica, 1: 5-16.

Btaszkiewicz, M., Brauer, A., Stowinski, M., 2025. Climate
change and environmental responses over the last 13,000
years deduced from analysis of annually laminated lake depos-
its of north-central Europe. Przeglad Geologiczny, 73: 158-169;
https://doi.org/10.7306/2025.14

Bonk, A., Miiller, D., Ramisch, A., Kramkowski, M., Noryskie-
wicz, A., Sekudewicz, I., Gasiorowski, M., Luberda-Durnas,
K., Stowinski, M., Schwab, M., Tjallingii, R., Brauer, A.,
Btaszkiewicz, M., 2021.Varve microfacies and chronology from
a new sediment record of Lake Goscigz (Poland). Quaternary
Science Reviews, 251, 10671517,
https://doi.org/10.1016/j.quascirev.2020.106715

Brauer, A., Dulski, P., Mangili, C., Mingram, J., Liu, J., 2009. The
potential of varves in high-resolution paleolimnological studies.
PAGES Newsletter, 17: 96-98;
https://doi.org/10.22498/pages.17.3.96

Brilha, J., 2016. Inventory and Quantitative Assessment of
Geosites and Geodiversity Sites: a Review. Geoheritage, 8:
119-134; https://doi.org/10.1007/s12371-014-0139-3

Brykata, D., 2009. Spatial and time differentiation of river discharge
within the Skrwa Lewa river basin (in Polish with English sum-
mary). Prace Geograficzne, 221.

Brykczynski, M., 1982. Glacitektonika krawedziowa w Kotlinie
Warszawskiej i Kotlinie Ptockiej (in Polish). Prace Muzeum
Ziemi, 36: 3—68.

Central Register of Polish Geosites. Panstwowy Instytut Geolo-
giczny — PIB; https://dane.gov.pl/pl/dataset/572

Chrobak, A., 2021. Review of the assessment methods of abiotic
nature sites used in geotourism (in Polish with English sum-
mary). Studies of the Industrial Geography Commission of the
Polish Geographical Society, 35: 116—145;
https://doi.org/10.24917/20801653.353.8

Chrobak-Zuffova, A., 2023. Comparison of Expert Assessment of
Geosites with Tourist Preferences, Case Study: Sub-Tatra Re-
gion (Southern Poland, Northern Slovakia). Resources, 12, 25;
https://doi.org/10.3390/resources 12020025

Chrobak, A., Witkowski, K., Szmanda, J., 2020. Assessment of
the educational values of geomorphosites based on the expert
method, case study: the Biatka and Skawa rivers, the Polish
Carpathians. Quaestiones Geographicae, 39: 45-57;
https://doi.org/10.3390/resources 12020025

Fassoulas, C., Mourik,i D., Dimitriou-Nikolakis, P., lliopoulos,
G., 2012. Quantitative assessment of geotopes as an effective
tool for geoheritage management. Geoheritage, 4: 177-193;
https://doi.org/10.1007/s12371-011-0046-9

Flick, U., 2011. Jakos¢ w badaniach jakosciowych (in Polish).
Wydaw. Naukowe PWN, Warszawa.

Gierszewski, P., 2000. Characteristics of hydro-chemical environ-
ment of surface waters in the western part of the Ptock basin (in
Polish with English summary). Prace Geograficzne, 176.

Gierszewski, P., 2018. Hydromorphological conditions of the func-
tioning of the Wtoctawek Reservoir geo-ecosystem (in Polish
with English summary). Prace Geograficzne, 268.

Gtazik, R., 1992. Selected hydrographical problems of dune-cov-
ered areas of the Vistula Pradolina illustrated by the example of
the west part of Ptock Basin (in Polish with English summary).
Dokumentacja Geograficzna, 1: 41-69.

Gorska-Zabielska, M., 2023. New geoeducational facilities in Cen-
tral Mazovia (Poland) disseminate knowledge about local
geoheritage. Sustainability, 15, 16115;
https://doi.org/10.3390/su152216115

Gorska-Zabielska, M., Kamienska, K., 2017a. Geotourism poten-
tial of the Drawskie Lake District as a support for the planned
geopark named “Postglacial land of the Drawa and Debnica
rivers”. Quaestiones Geographicae, 36: 15-31;
https://doi.org/10.1515/quageo-2017-0002

Gorska-Zabielska, M., Zabielski, R., 2017b. Potential values of ur-
ban geotourism development in a small Polish town (Pruszkéw,
Central Mazovia, Poland). Quaestiones Geographicae, 36:
75-86; https//doi 10.1515/quageo—2017-0025

Gorska-Zabielska, M., Blaszczyk, N., Nowak, l., 2024. The
geoheritage potential of the South-East Patuki (Western Po-
land) to promote geotourism. GeoJournal of Tourism and
Geosites, 52: 294-312;
https://doi.org/10.30892/gtg.52129-1206

Habel, M., 2013. Dynamics of the Vistula River channel deforma-
tions downstream of Wioctawek Reservoir. Kazimierz Wielki
University Press, Bydgoszcz;
https://doi.org/10.13140/2.1.4606.0803

Jedicke, E., 2001. Biodiversitat, Geodiversitat, Okodiversitat. Krite-
rien zur Analyse der Landschaftsstruktur — ein konzeptioneller
Diskussionsbeitrag. Naturschutz und Landschaftsplanung, 33:
59-68.

Kaczmarek, H., Tyszkowski,S., Banach, M., 2015. Landslide de-
velopment at the shores of a dam reservoir (Wioctawek, Po-
land), based on 40 years of research. Environmental Earth Sci-
ences, 74: 4247-4259;
https://doi.org/10.1007/s12665-015-4479-3

Kostrzewski, A., 1998. Geordznorodnosc¢ rzezby jako przedmiot
badan geomorfologii (in Polish). In: Gtéwne kierunki badan
geomorfologicznych w Polsce, IV Zjazd Geomorfologow
Polskich (ed. K. Pekala): 11-16 . UMCS, Lublin.

Kot, R., 2014. The application of GIS modeling for geodiversity eval-
uation (in Polish with English summary). Problemy Ekologii
Krajobrazu, 38: 95-105.

Kot, R., 2015. The point bonitation method for evaluating geodi-
versity: A guide with examples (Polish Lowland). Geografiska
Annaler: Series A, Physical Geography, 97: 375-393;
https://doi:10.1111/geoa.12079

Kot, R., 2017. A comparison of results from geomorphological diver-
sity evaluation methods in the Polish Lowland (Torun Basin and
Chetmno Lakeland), Geografisk Tidsskrift-Danish Journal of
Geography, 118: 17-35;
https://doi: 10.1080/00167223.2017.1343673

Kot, R., Sobiech, M., 2013. Evaluation of geodiversity of landform
of some fragments of young glacial landscape of Chelminsko-
Dobrzynski Lake District (in Polish with English summary).
Rocznik Swietokrzyski. Ser. B — Nauki Przyrodnicze, 34: 77-92.

Kruczkowska, B., Blaszkiewicz, M., Jonczak, J., Uzarowicz, t.,
Moska, P., Brauer, A., Bonk, A., Stowinski, M., 2020. The Late
Glacial pedogenesis interrupted by aeolian activity in Central
Poland — records from the Lake Goscigz catchment. Catena,
185, 104286; https://doi.org/10.1016/j.catena.2019.104286

Lencewicz, S., 1929. Les lacs de Gostynin (in Polish with French
summary). Przeglad Geograficzny, 9: 87-140.

todzinski, M., Mayer, W., Stefaniuk, M., Bartus, T., Mastej, W.,
2009. Geotourist attractions of the Western Sudetic Geostrada
(in Polish with English summary). Geoturystyka, 4: 19-42.

Malinowska, E., Szumacher, 1., 2013. Application of landscape
metrics in the evaluation of geodiversity. Miscellanea Geogra-
phica, 17: 28-33; https://doi.org/10.2478/v10288-012-0045-y

Marks, L. (ed.), 2022. Mapa Geologiczna Polski 1:500 000, A —
Mapa Powierzchni Terenu. Panstwowy Instytut Geologiczny —
PIB; geoportal.gov.pl

Mazurek, M., 2010. Hydrogeomorphology of channel heads (the
Parseta drainage basin, NW Poland) (in Polish with English
summary). Seria Geografia, 92, Wydaw. Naukowe UAM,
Poznan.

Migon, P., 2012. Geoturystyka (in Polish). PWN, Warszawa.

Mojski, J.E., 1970. Objasnienia do szczego6towej mapy
geologicznej Polski w skali 1:50 000, ark. Wtoctawek (in Polish).
Instytut Geologiczny, Warszawa.


https://doi.org/10.3390/w11010032
https://doi.org/10.7306/2025.14
https://doi.org/10.1016/j.quascirev.2020.106715
https://doi.org/10.22498/pages.17.3.96
https://doi.org/10.1007/s12371-014-0139-3
https://doi.org/10.24917/20801653.353.8
https://doi.org/10.3390/resources12020025
https://doi.org/10.3390/resources12020025
https://doi.org/10.1007/s12371-011-0046-9
https://doi.org/10.3390/su152216115
https://doi.org/10.1515/quageo-2017-0002
https://doi.org/10.30892/gtg.52129-1206
https://doi.org/10.13140/2.1.4606.0803
https://doi.org/10.1007/s12665-015-4479-3
https://doi:10.1111/geoa.12079
https://doi: 10.1080/00167223.2017.1343673
https://doi.org/10.1016/j.catena.2019.104286
https://doi.org/10.2478/v10288-012-0045-y

Piotr Gierszewski et al. / Geological Quarterly, 2025, 69, 38 13

Miiller, D., Tjallingii, R., Ptéciennik, M., Luoto, T., Kotrys, B.,
Plessen, B., Ramisch, A., Schwab, M., Btaszkiewicz, M.,
Stowinski, M., Brauer, A., 2020. New insights into lake re-
sponses to rapid climate change: the Younger Dryas in Lake
Gosciagz, central Poland. Boreas, 50: 535-555;
https://doi.org/10.1111/bor.12499

Najwer, A., Borysiak, J., Gudowicz, J., Mazurek, M., Zwolinski,
Z., 2016. Geodiversity and biodiversity of the postglacial land-
scape (Debnica River catchment, Poland). Quaestiones
Geographicae, 35: 5-28.

Niewiarowski, W., Kot, R., 2011. Delimitation and characteristics of
natural landscapes of the Chetmno-Dobrzyn lakeland,
Urszulewo plain and the neighbouring Vistula and Drweca Val-
leys. Geographia Polonica, 84: 33-59;
https://doi.org/10.7163/GPol.2011.1.3

Pereira, P., Pereira, D., 2010. Methodological guidelines for
geomorphosite assessment. Géomorphologie Relief Processus
Environnment, 2: 215-222;
https://doi.org/10.4000/geomorphologie.7942

Ptociennik, M., Zawiska, |., Rzodkiewicz, M., Noryskiewicz, A.,
Stowinski, M., Mueller, D., Brauer, A., Antczak-Orlewska, O.,
Kramkowski, M., Peyron, O., Nevalainen, L., Luoto, T,
Kotrys, B., Seppé, H., Bidaurreta, J., Rudna, M., Mielczarek,
M., Zawisza, E., Janowska, E., Blaszkiewicz, M., 2022. Clima-
tic and hydrological variability as a driver of the Lake Gosciaz
biota during the Younger Dryas. Catena, 212, 106049;
https://doi.org/10.1016/j.catena.2022.106049

Rais, J., Barakat, A., Louz, E., AitBarka, A., 2021. Geological heri-
tage in the M’Goungeopark: a proposal of geo-itineraries around
the Bine El Ouidane dam (Central High Atlas, Morocco). Interna-
tional Journal of Geoheritage and Parks, 9: 242-263;
https://doi.org/10.1016/j.ijgeop.2021.02.006

Ralska-Jasiewiczowa, M., Goslar, T., Madeyska, T., Starkel, L.,
1998. Lake Goscigz, central Poland. A monographic study.
Instytut Botaniki im. Wtadystawa Szafera, PAN, Krakow.

Ratajczak-Szczerba, M., 2013. Geo- and biodiverstity of the Middle
Note¢ River Valley and the Lower Gwda River Valley as a
chance of geotourism development (in Polish with English sum-
mary). Acta Geographica Silesiana, 14: 71-86.

Reynard, E., Perret, A., Bussard, J., Grangier, L., Martin, S.,
2016. Integrated Approach for the Inventory and Management
of Geomorphological Heritage at the Regional Scale.
Geoheritage, 8: 43-60;
https://doi.org/10.1007/s12371-015-0153-0

Richling, A., Solon, J., Macias, A., Balon, J., Borzyszkowski, J.,
Kistowski, M. (eds.), 2021. Regionalna geografia fizyczna
Polski (in Polish). Bogucki Wydaw. Naukowe, Poznan.

Roman, M., 2003. Development of the Pleistocene relief in the vicin-
ity of Gostynin (in Polish with English summary). Acta Geogra-
phica Lodziensia, 84: 154.

Roman, M., 2010. Reconstruction of the Ptock lobe during the last
glaciation (in Polish with English summary). Acta Geographica
Lodziensia, 96: 171.

Roman, M., 2012. The palimpsest glacial landscape on the example
of the Izbica Kujawska moraine ridge (in Polish with English
summary). Acta Geographica Lodziensia, 100: 147-159.

Roman, M., Zuk, R., 2015. Problem glacitektoniki krawedziowej w
Kotlinie Ptockiej. Plejstocen Kotliny Ptockiej oraz postglacjalna
transformacja jej rzezby (in Polish). Materiaty Konferencyjne 22.
Stratygrafia plejstocenu Polski. 148—152.

Roman, M., Zuk, R., 2019. Large-scale deformations in Neogene
deposits near Dobrzyn on the Vistula (Central Poland) — thrust-
ing from N/NE or valley-side glaciotectonics in the Ptock Basin.
Studia Quaternaria, 36: 147-159;
https//doi/10.24425/sq.2019.126386

Rychel, J., Lisicki, S., 2019. Objasnienia do szczegdtowej mapy
geologicznej Polski 1: 50 000 arkusz Wioctawek. Panstwowy
Instytut Geologiczny-PIB, Warszawa.

Rychel, J., Blaszkiewicz, M., Brykata, D., Gierszewski, P.,
Lisicki, S., Roman, M., Tyszkowski, S., 2014. Mapa
geologiczno-turystyczna Gostyninsko-Wtoctawskiego Parku
Krajobrazowego w skali 1:60 000. Panstwowy Instytut Geo-
logiczny-PIB, Warszawa.

Rychel, J., Woronko, B., Btaszkiewicz, M., Karasiewicz, T., 2018.
Aeolian processes records within last glacial limit areas based
on the Ptock Basin case (Central Poland). Bulletin of the Geo-
logical Society of Finland, 90: 55-69;
https://doi.org/10.17741/bgsf/90.2.007

Skompski, S., 1969. Stratigraphy of Quaternary deposits in the east-
ern part of Ptock Basin (in Polish with English summary). Biuletyn
Panstwowego Instytutu Geologicznego, 220: 175-258.

Solon, J., Borzyszkowski, J., Bidtasik, M., Richling, A., Badora,
K., Balon, J., Brzezinska-Wojcik, T., Chabudzinski, t.,
Dobrowolski, R., Grzegorczyk, |., Jodtowski, M., Kistowski,
M., Kot, R., Kraz, P., Lechnio, J., Macias, A., Majchrowska,
A., Malinowska, E., Migon, P., Myga-Piatek, U., Nita, J.,
Papinska, E., Rodzik, J., Strzyz, M., Terpitlowski, S., Ziaja,
W., 2018. Physico-geographical mesoregions of Poland: Verifi-
cation and adjustment of boundaries on the basis of contempo-
rary spatial data. Geographia Polonica, 91: 143-170;
https://doi.org/10.7163/GPol.0115

Stanley, M., 2004. Geodiversity — linking people, landscapes and
their culture. In: Natural and Cultural Landscape — The Geologi-
cal Foundation (ed. M.A. Parkes): 47-52. Royal Irish Academy,
Dublin.

Thomas, M.F., 2012. A geomorphological approach to geodiversity
— its applications to geoconservation and geotourism.
Quaestiones Geographicae, 31: 81-89;
https://doi.org/10.2478/\V10117-012-0005-9

Tomic, N., Bozic, S., 2014. A modified geosite assessment model
(M-GAM) and its application on the Lazar Canyon area (Serbia).
International Journal of Environmental Research, 8: 1041-1052.

Urbaniak, U., 1967. Dunes of the Ptock Basin (in Polish with English
summary). Prace Geograficzne, 61.

Warszynska, J., 1970. Waloryzacja miejscowosci z punktu
widzenia atrakcyjnosci turystycznej (zarys metody) (in Polish).
Zeszyty Naukowe Uniwersytetu Jagiellonskiego. Prace
Geograficzne, 249: 103-114.

Wieckowski, K., 1993. The current state of recognition of bottom
sediments in the “Na Jazach” lakes according to their macro-
scopic features (in Polish with English summary). Polish
Botanica Students Guidebook, 8: 77-92.

Wisniewski, E., 1976. Geomorphological development of the
Vistula valley between the Ptock Basin and the Torun Basin (in
Polish with English summary). Prace Geograficzne, 119.

Zolitschka, B., Francus, P., Ojala, A., Schimmiman, A., 2015.
Varves in lake sediments. Quaternary Science Reviews, 117:
1-41; https://doi.org/10.1016/j.quascirev.2015.03.019


https://doi.org/10.1111/bor.12499
https://doi.org/10.7163/GPol.2011.1.3
https://doi.org/10.4000/geomorphologie.7942
https://doi.org/10.1016/j.catena.2022.106049
https://doi.org/10.1016/j.ijgeop.2021.02.006
https://doi.org/10.1007/s12371-015-0153-0
https//doi/10.24425/sq.2019.126386
https://doi.org/10.17741/bgsf/90.2.007
https://doi.org/10.7163/GPol.0115
https://doi.org/10.2478/V10117-012-0005-9
https://doi.org/10.1016/j.quascirev.2015.03.019

