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Abstract: The Rock Garden, established in 2019, is a geological showcase of both the Institute of
Geography and Environmental Sciences of Jan Kochanowski University in Kielce and the entire
Kielce region in central Poland. The collection includes specimens of about 50 rocks: those whose
outcrops are located in the Holy Cross Mountains region and those brought here from Scandinavia
by the ice sheet around 180 to 130 thousand years ago. The Rock Garden is of scientific importance
and plays a didactic, conservational, educational, cultural, aesthetic, recreational, and geotouristic
role. This article highlights its importance in the development of urban geotourism.
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1. Introduction

All recorded large erratic boulders in Poland are protected by law [1] as monuments
of an inanimate nature. Therefore, the largest boulder (860 m3) in Poland—a gneiss boulder
with the local name of Trygław, located in Tychowo, Central Pomerania (53◦55′53.5′′ N
and 16◦15′38.7′′ E)—is of conservation significance. It is only slightly smaller than the
currently largest-known Scandinavian erratic boulder (930 m3), which is located in the
area of glacial deposition on the north coast of Estonia, in Lahemaa National Park, and
named Ehalkivi (59◦32′59.2′′ N and 26◦35′15.6′′ E). Also under protection in Poland is
the largest boulder of sedimentary origin (235 m3)—Głaz Mszczonowski (Mszczonów
Boulder; 51◦54′51.3′′ N and 20◦27′15.9′′ E)—which is from the Miocene age and consists of
sandstone cemented by silica. It is located in the municipality of Kowiesy in central Poland.
It is not of Scandinavian origin, but was transported from the area of Miocene outcrops,
across which the Scandinavian ice sheet advanced during the Odranian Middle-Polish
Glaciation (MIS 6 = marine isotope stage) [2]. Two of the various other boulders under
protection are the largest boulder found near Gołuchów in Wielkopolska, called the boulder
of St. Jadwiga (126 m3; 51◦49′31.3′′ N 17◦56′48.6′′ E) [3], and the Czarci Kamień boulder
(51◦19′42.0′′ N and 20◦25′27.2′′ E), the largest one in the Kielce region (27.5 m3) [4].

The Nature Conservation Act of 2004 lacks a provision that clearly states the criteria
(e.g., dimensions, petrographic type and cultural heritage object) for the protection of
erratic boulders. In Germany [5], protection is provided for igneous erratic boulders with a
minimum volume of 10 m3 (the longest axis α = 3.5 m) within the Weichselian Pomeranian
Phase [6–8], a minimum volume of 5 m3 (the longest axis α = 2.5 m) in the area between the
Pomeranian and Poznań/Frankfurt phases and about 1 m3 (the longest axis α = 1.5 m) in
volume in the area located south of the Poznań/Frankfurt Phase. All sedimentary erratic
boulders, regardless of their size, are also protected (due to the lower resistance of such
rocks to physical and chemical weathering).

The lack of such a provision in the Polish law means that erratic boulders today are ob-
jects of increasingly frequent acts of vandalism. The interesting structure and texture (size,
shape) of the boulders’ crystals, and often their colour, are the reasons why the boulders
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have been taken from the landscape. Most often, they disappear into private collections and
gardens. They are also an ideal stone material for individual clients (e.g., as tombstones,
windowsills, kitchen countertops or stone floors [9,10]) and for large investments (cladding
of buildings [11], decorative reinforcement of slopes in former excavation pits [12], interior
design of large companies, road repair or new stone paving [13,14]). It cannot be forgotten
that the glacial boulders were also used to erect megaliths in prehistoric times [15,16] or
medieval Romanesque constructions like castles or churches [17–31].

2. The Significance of Petrographic Gardens

In order to minimize the loss of erratic boulders caused by vandals and thieves who
are distant from the idea of geodiversity as evidence for the national richness of geological,
geomorphological and geographical heritage [32–39], collections are being created in the
form of petrographic gardens. They are also known as rock gardens or lapidaria (lapidarius
means stone in Latin).

Thus, collections of erratic boulders are created mainly to preserve and protect these
silent witnesses of the glacial periods and to provide the opportunity to meet human
needs in terms of learning about the region’s inanimate natural heritage. Boulders that
are gathered within a single, designated place are referred to as occurring ex situ. Such
collections of rocks have been established in Poland (e.g., [40–45]) as well as other countries
(e.g., [46–53]). Rock gardens also contain rock specimens other than erratic boulders, which
represent typical rocks of the immediate vicinity (e.g., [54–60]).

Rock gardens fulfil multiple functions through their exhibits. The rock specimens
gathered there represent the geological heritage of the region, contributing to its geodi-
versity. They document numerous geological processes that took place in the past in the
region they come from and are a geological showcase of the area.

2.1. Scientific Value

The main advantage of the boulders placed in a rock garden is their scientific value.
Boulders represent various petrographic types, differing in mineral composition and in
internal texture and structure [61]. These features can be the bases for determining the geo-
logical processes (e.g., conditions of magma crystallization, rock metamorphism/alteration
processes, deposition, lithification, sediment compaction, etc.) which controlled the forma-
tion of the rock and its potential transport and re-location.

The Scandinavian origin of erratic boulders proves the geological processes (glacial
exaration and detraction) operating during Pleistocene times in Northern Europe. If an
erratic boulder comes only from a single, presently known source area (such as an outcrop)
in Scandinavia, it is called an indicator erratic [4,62–64]. Structural and textural features
of the rock (e.g., [65–71]) are used to assign it to a specific parent area. A statistically
representative number of indicator erratics in a layer of glacial sediments can be indicative
of an ice sheet’s long path of advancing to the European lowlands (e.g., [72–80]).

An erratic boulder is characterized as having high scientific value if secondary relief
forms are visible on its surface, such as striations, polished surfaces and chatter marks,
which are records of a process called detersion. The process took place at the ice-sheet
sole, when the boulder was still within the bedrock over which the Scandinavian ice sheet
was moving. These relief forms may have also arisen on the rock surface while it was
being transported within the ice sheet. A rock attached to the bottom of an ice sheet
(transported subglacially) subsequently rubs against the bedrock over which the ice sheet
moves [3,4,42,81].

The surface of an erratic boulder can also record the post-depositional stage that begins
with the deposition of rock debris by the melting/shrinking ice sheet. Many morphological
features on the boulder surface indicate past climatic conditions of the environment—
periglacial conditions prevailed in the area of the retreating ice sheet. The most commonly
observed features are traces of rock surface corrasion in dry and frosty settings, such
as aeolization of the boulder, micro-pits, micro-ribs or a distinct edge. The process of
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exfoliation of the rock block can also be frequently seen. The main factors of this process are
temperature changes and the circulation of water and solutions in micro-spaces between
minerals, which lead to the disintegration of the rock [12,42,81].

The most important scientific value of the erratic boulder is its final natural location,
unchanged since the time of glacial deposition. Such a boulder is in situ. The location is
used for stratigraphic purposes because it is then possible to associate groups of character-
istic indicator erratics with specific ice-sheet advances (e.g., [40,64,80,82–95]). In addition,
in situ boulders help researchers indirectly reconstruct the Earth’s climate changes by
indicating the glaciation extent [96]. Moreover, such boulders have been used in the latest
analyses of dating the onset of deglaciation of areas by using cosmogenic isotopes, such as
10Be (e.g., [97–101]).

Presently, only boulders with very large dimensions remain in the in situ position
(e.g., [102,103]). Because they have not changed their location, they are priceless natural
heritage objects and ensure the extraordinary geodiversity of the region (e.g., [104]). For
obvious reasons, these boulders are not exhibited in petrographic gardens. For comparison,
it is worth showing the condition and distribution of erratic boulders in Poland in 1983 in
relation to the marginal glaciation zones of subsequent ice sheets. The map (Figure 1) was
developed on the basis of Czernicka-Chodkowska’s inventory research [105,106]. Today,
this picture is different, impoverished, because many erratic boulders have disappeared
from the fields and forests forever. The courses of ice sheet margins have also undergone
modifications since then.

Figure 1. Distribution of erratic boulders in Poland against the ice sheet margins of the Pleistocene
glaciations (based upon [105,106]). Note that the course of the ice sheet’s edge represents the state of
research from the 1980s (more in the text).

2.2. Usage Values—Educational Function

The presence of rocks of various origins, sizes and colours in a single place, in direct
proximity to a school, provides rock gardens with the great potential to fulfil an educational
function [42]. The commitment of local teachers, not only of geography and nature, but
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also of history, mathematics, Polish language and art, determines whether these rocks will
be used in their school practice for the benefit of students. The basic curriculum obliges
teachers to conduct classes in the field [107,108]. Additionally, students take part in annual
events popularizing earth sciences, such as Geographer’s Day, Tourism Days, GIS Day, the
Open University or the Science and Art Festival. These events can be carried out in the rock
garden premises, provided that access to the collection is easy, is equipped with boards
with accessible information and is characterized by the appropriate landscape arrangement
expected by visitors (e.g., identification labels on rock specimens, litter bins, a place to rest,
etc.). The presence of a human geointerpreter is important, as they may skillfully sensitize
students to the beauty of inanimate nature.

A collection of rocks can also successfully fulfil its educational function in the neigh-
bourhood of a university. Selected contents of the curriculum in the fields of geography,
geology, environmental protection, tourism and recreation, as well as related ones in the
fields of earth sciences and environmental studies, can be implemented here, giving stu-
dents opportunities to demonstrate adequate learning outcomes in terms of knowledge
and skills.

It is worth emphasizing that rock gardens help disseminate geological knowledge
(geointerpretation) and geoheritage awareness to the public, often in combination with
biological and cultural aspects of a given environment, which are, often unequivocally,
constrained by geological and landscape features (e.g., Dr. Marian Kuc’s Geological–
Oriental Garden in Chrzanów) [55,56].

Rock gardens are an ex situ form of protection of stone objects. Although it does not
fit into the framework of legal protection of inanimate nature in Poland, it performs an
important conservation function in relation to objects that testify to the geological history
and natural heritage and represent the extraordinary geodiversity of the region (e.g., [3]).
Appropriately targeted interpretations of the rock garden resources, aimed at stimulating
visitors’ awareness of the geological past of their immediate vicinity (e.g., [58]), show that
inanimate nature should be protected and cared for. It is difficult to expect people to
support the protection of abiotic resources if they do not know and understand them [109].
To remedy this, Burek and Hose [110] and Reynard et al. [111] expressed the need to include
the local geological heritage in urban geotourism development. Thus, rock gardens also
play an important educational role through their geointerpreters/guides, who disseminate
positive attitudes among visitors.

2.3. Management Aspects—Economic Importance

Rock gardens can help achieve real economic benefits through the appropriate devel-
opment of (geo)tourism. The effective dissemination of geological heritage by local guides
or nature interpreters and making rock gardens available—after appropriate protection—
for sightseeing (for example, as part of a geotourist/didactic path) will certainly bring
financial benefits directly to the inhabitants and indirectly to the local governments of the
regions where these facilities are located. This can be done as part of festivals or in the
form of workshops, eco-museums, increasingly popular geocaching/quests and even the
fledgling tourist and recreational orientation events (TRInO) [112]. TRInO are events with
a map and/or a compass, the main purpose of which is to spend time in a tourist and
recreational way to discover the tourist and sightseeing values of various towns and places
in an interesting way. TRInO are dedicated to all hikers and cyclists. Local government
authorities, if they are aware of geological heritage, can use the natural values of the area
without any conflicts in the local policy of sustainable social and economic development.
The best example is the activities of the local government of the Łuków commune [42,113].

Organizing lessons/workshops or including the collection of rock objects in the pro-
gramme of a local government’s festival is also implementing the rock garden’s recreational
function. There is no need to convince anyone that recreation/fun (e.g., searching for min-
erals/rocks in a treasure sandbox) and outdoor physical activities are healthy, especially
for young people.
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2.4. Aesthetic Value

Nature tourism is stimulated by the aesthetic values of landscapes, and their individual
elements determine the overall beauty of the landscape. When interestingly designed rock
gardens (and also other tourist places) are characterized by harmony and beauty, they are
especially appreciated and admired [114,115]. Destination planners should use existing
aesthetic resources in strategic planning. According to research [116], the blocks’ influence
on such parameters of scenic beauty as scale, condition, balance, diversity, shape, and
uniqueness, and, therefore, these blocks are of aesthetic value. The most important is color
and size. Apparently, the presence of big stones stimulates tourists’ positive emotions.
Aesthetic properties of landscapes were used, for example, in a long-disused quarry (e.g.,
Geosfera in Jaworzno [117], a square in a town (e.g., Strzegom) or the undeveloped empty
space of the Institute of Geology at Adam Mickiewicz University in Poznań [118]). Parking
sites on bicycle routes in the Łuków commune in southern Podlasie became more attractive
when, in 2018, they were enriched with small rock gardens presenting erratic boulders from
the immediate vicinity. At eight locations, both the recreational and educational functions
of nature tourism are carried out [42].

2.5. Usage Values—Culture-Forming Significance

Large rock objects characterized by an interesting shape, colour, structure or texture
are highly appreciated and, therefore, are often used as monuments or pedestals on which
memorial plaques are displayed. In such situations, rock objects play a culture-forming
role. Many such boulders with plaques commemorating the 100th anniversary of Poland
regaining independence appeared in 2018 (e.g., in Biardy, Suleje and Zalesie in southern
Podlasie) [42]. Some of these rock sites also represent past cultural monuments encountered
in other areas formerly covered by ice (e.g., [15,119,120]).

2.6. Tourism Aspects—Geotouristic Function

According to Hose [121], education plays the most important role in the development
of geotourism. Its overriding task is the interpretation of geoheritage [38] prepared with a
wide audience in mind [122]. The resources of a rock garden can generate interest in the
subject through the implementation of the hands-on activity strategy [123], which is based
on the active and emotional involvement of the participant. As a result, the rock garden
becomes more attractive and the effectiveness of the educational process is much greater.
The Rock Garden at Edith J. Carrier Arboretum, Harrisonburg, VA (USA) [58] is a very
good example. Its geointerpreters have prepared a rich and varied selection of workshops
and lectures for adults and children. As a result, participants develop a sense of wonder
for minerals and rocks within the awareness of geomorphological features in the context
(environment) of where they formed. They exercise the competences of cooperation and
healthy competition in the social environment. Another example comes from south-eastern
Poland. Brzezińska-Wójcik [123] wrote about the possible implementation of the hands-on
activity strategy in geotourist facilities there. She emphasized the attitude of the local
community and the role of the geointerpreter. As a consequence, the author has provided
for the economic activation of the region, as well as the protection and popularization of its
natural resources.

Objects of inanimate nature in a rock garden, properly exposed and relatively easily
accessible to tourists, sustain and enhance the geographical character of the place—its
environment, culture, aesthetics, heritage and the well-being of its inhabitants [124–126].
The role of a well-functioning rock garden, which affects its surroundings through a
wide programme selection, cannot be overestimated in the sustainable development of a
city/commune/district. It shapes the image of the small homeland that develops elements
of inanimate nature to perform (geo)tourism functions while maintaining the principles of
nature protection.

The rich geological heritage of the Świętokrzyskie region (e.g., [4,127–131]) needs to
be disseminated, because the inhabitants are rarely aware of its presence, significance,
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value and potential. They hardly ever realize that it needs to be properly protected as
well. Hence, it seems that a quite novel (at least, in most countries) rock garden may be
a proper tool for science dissemination and education in Earth sciences. The aim of the
article is to present the rock garden and indicate its role in the development of urban
geotourism in Kielce. Lectures, workshops, courses, shows and competitions offered to a
wide and diverse audience respond to the cognitive, educational and recreational needs of
the local community. They help to understand the issues of geodiversity, geoheritage and
geoconservation of unique objects of the region, gathered within the city limits.

3. History of the Rock Garden of the Institute of Geography and Environmental
Sciences of Jan Kochanowski University in Kielce

The collection of rocks is located in the inner courtyard of the campus of the Faculty
of Natural Sciences of Jan Kochanowski University (JKU) in Kielce, 7 Uniwersytecka St
(Figure 2). Its location is visible on the publicly available Open Street Map portal and on
Google Maps. The geographic coordinates of the Rock Garden centre are 50◦52′51.4′′ N
and 20◦39′26.3′′ E. Although access to the collection is unlimited, it is monitored by the
department’s security services.
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University in Kielce—general view.

The Rock Garden, opened in 2019, is not a new initiative. In this place, from 2004 to
2011, there was a rock garden established by the Institute of Geography of the Holy Cross
Academy (the predecessor of JKU). It contained only the Scandinavian erratics. Along
with the expansion of the university campus with new buildings, the rock garden began
to decline, and the collections, by a strange coincidence, disappeared or, at best, changed
their locations.

Work on restoring the collection of rock objects at the Institute of Geography and
Environmental Sciences (IGES) of JKU started in 2016. At that time, it was decided that
the collection should also include rocks from the mines located in the Holy Cross region.
According to the intention of the authorities of the faculty and the institute, the Rock
Garden was to become a geological-focused scientific and educational showcase of the
Kielce geographical centre.

The process of specimen collection is not yet complete. About 50 rock specimens were
collected during the first stage of restoring the collection. Twenty of them come from the
Kielce mines that donated them to JKU in Kielce. The exhibits come from the Morawica
Limestone Mine [132], the Saspol Sandstone Mine [133], the Tumlin Sandstone Mine and
the Bolechowice Limestone Mine [134].

The remaining 30 specimens are erratic boulders transported to the Holy Cross region
by the Scandinavian ice sheet during the South Polish Glaciation (MIS 8–16, according
to [135]) and during the maximum extent of the Odranian Middle-Polish Glaciation (MIS 6,
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according to [2]). These include indicator erratics [40,63], the source areas of which are
marked on the schematic map of Scandinavian outcrops (Figure 3). Some of the erratic boul-
ders, especially the largest ones, were inventoried during the construction of expressway
No. S7 near Szydłowiec (Figure 4) and during the construction of a small, multifunctional
water retention reservoir Antoniówka (on the Plebanka River) in Radoszyce, in the western
part of the Świętokrzyskie Voivodship. Some of them come from surface sediments in the
Saspol Sandstone Mine in Śmiłów near Szydłowiec, and some, especially the smaller ones,
belonged to the original rock collection of the Institute of Geography. Figure 4 shows the
places where the specimens were collected for the Rock Garden in Kielce. The ages of some
geological specimens gathered in the collection are presented schematically in Figure 5.
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Figure 5. A simplified diagram of geologic time with numbers (in white fields) of specimens in the
IGES Rock Garden according to their ages.

The rock blocks were donated to the university by the Town and Commune Office
in Radoszyce [136], the Regional Directorate of National Roads and Motorways [137] and
Dragados [138]. The costs of loading, transporting and distributing the rock blocks in the
Rock Garden area were covered by the Morawica Limestone Mine, Zagnańsk Commune
Office [139], stonemason Tadeusz Modliński [140] and the then Faculty of Mathematics
and Natural Sciences, JKU. Logistic support was also provided by the company Karasiński-
Dźwigi-Końskie.

The Rock Garden is described in a leaflet entitled “History written in stone” [141],
which is available at the IGES of JKU. The cost of leaflet printing was covered entirely by the
Faculty of Natural Sciences. The department also financed the labels that present the names
and ages of the rocks and the names of the quarries they come from. These badges are
attached to the objects to facilitate self-navigation through the collection (Figures 8 and 9).

The Rock Garden was officially opened on 24 April 2019, during the annual Geog-
rapher’s Day. At that time, a commemorative plaque was unveiled (Figure 6A,B), which
reminds visitors of the milestones of Kielce geography (text from the plaque: In memory
of: 100th anniversary of regaining independence by Poland, Year of Polish Geography,
100th anniversary of the Polish Geographical Society, 50th anniversary of the geographical
center of Kielce—academic community of the Institute of Geography, Jan Kochanowski
University in Kielce, 11 November 2018). The event received wide coverage in the local
press and media.

Earlier, on 13 December 2018, employees and students of the IGES took part in a
ribbon-cutting ceremony using one of the Rock Garden boulders for the 100th anniversary
of Poland regaining independence. The ceremony was held at the end of the commemo-
rative scientific seminar entitled “The role of geographers and tourists in exploration of
the environment of the Holy Cross region – in the service of the Independent State”. It
was organized to commemorate the scientific achievements of predecessors and colleagues,
geographers and sightseers of the Holy Cross region, who undertook the task of research-
ing the geographical environment of the Kielce-Sandomierz upland on the threshold of
Poland’s independence; 50 years later, the Kielce geographical centre was created.
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4. Overview of Rocks in the Rock Garden of the Institute of Geography and
Environmental Sciences, Jan Kochanowski University

For many reasons, the rocks in the Rock Garden are arranged in the order of their
installation date, starting from the entrance board located in the northern part of the
collection, and not in the stratigraphic order (Figure 5). Their location is shown in Figure 7
of the leaflet [141]. Consecutive numbers are assigned to the rocks, which will be used in
this overview. All photos were taken by the author.
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4.1. Holy Cross Region Rocks

No. 1. The collection of Holy Cross rocks starts with a block of Triassic sandstone
from the Tumlin Mine, engraved with the inscription “Lapidarium”. It is one of the few
specimens preserved from the previous rock garden.

Nos. 2–4 are three blocks of Upper Jurassic limestone from the Morawica Mine
(Figure 8). The carbonate sediments (transformed into limestone due to diagenetic pro-
cesses) were deposited under marine conditions in the Late Jurassic period. The limestones
were formed in open-shelf environments, usually below the wave base, at depths of up
to several tens of metres [142–148]. Apart from the dominant tuberoids (spots coloured
with rotting organic matter), fragments of sponges and colonial microbial structures, the
rocks contain a rich assortment of fauna consisting of bivalves, brachiopods, belemnites
and ammonites [142,149,150]. A trained eye can also notice representatives of this fauna in
the described specimens.

Nos. 5–7 are Lower Jurassic sandstones from the Śmiłów mine near Szydłowiec. The
quartz sandstones were formed in coastal shelf environments, periodically lagoonal, in
an Early Jurassic brackish basin (low-salinity marine environment) [151–153]. Locally, the
remains of dead flora are visible in the rock [150]. Distinct ripples, formed as a result of
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currents in the wave zones of shallow-water basins, are visible on the surface of rock No. 7
(Figure 9), which is composed of layered sandy deposits.

Geosciences 2021, 11, x FOR PEER REVIEW 10 of 20 
 

 

 
Figure 7. Schematic distribution map of specimens in the IGES Rock Garden. 

4.1. Holy Cross Region Rocks 
No. 1. The collection of Holy Cross rocks starts with a block of Triassic sandstone 

from the Tumlin Mine, engraved with the inscription “Lapidarium”. It is one of the few 
specimens preserved from the previous rock garden. 

Nos. 2–4 are three blocks of Upper Jurassic limestone from the Morawica Mine (Fig-
ure 8). The carbonate sediments (transformed into limestone due to diagenetic processes) 
were deposited under marine conditions in the Late Jurassic period. The limestones were 
formed in open-shelf environments, usually below the wave base, at depths of up to sev-
eral tens of metres [142–148]. Apart from the dominant tuberoids (spots coloured with 
rotting organic matter), fragments of sponges and colonial microbial structures, the rocks 
contain a rich assortment of fauna consisting of bivalves, brachiopods, belemnites and 
ammonites [142,149,150]. A trained eye can also notice representatives of this fauna in the 
described specimens.  

 
Figure 8. Upper Jurassic limestone block from the Morawica Mine (boulder No. 2). 

Nos. 5–7 are Lower Jurassic sandstones from the Śmiłów mine near Szydłowiec. The 
quartz sandstones were formed in coastal shelf environments, periodically lagoonal, in an 
Early Jurassic brackish basin (low-salinity marine environment) [151–153]. Locally, the re-
mains of dead flora are visible in the rock [150]. Distinct ripples, formed as a result of 
currents in the wave zones of shallow-water basins, are visible on the surface of rock No. 
7 (Figure 9), which is composed of layered sandy deposits.  

Figure 8. Upper Jurassic limestone block from the Morawica Mine (boulder No. 2).

Geosciences 2021, 11, x FOR PEER REVIEW 11 of 20 
 

 

 
Figure 9. Current ripples (ripple marks) on the surface of Lower Jurassic sandstone from the 
Śmiłów mine near Szydłowiec (No. 7). 

Nos. 8–11 (and the already mentioned No. 1) are Lower Triassic sandstones from a 
quarry on Góra Grodowa Mountain near Tumlin. These are dune sediments, cemented 
with hematite-silica and then litified, which testify to the existence of a hot and dry climate 
in the Early Triassic in the area of today’s Holy Cross Mountains [150,151,154–157]. The 
sediments were deposited as a result of migration of transverse dunes or barchans raised 
by southerly winds. Specimen Nos. 8–10 display large-scale cross bedding, resulting in 
good platy parting.  

Nos. 12 and 13 are Upper Devonian limestones from the Bolechowice quarry. They 
were formed in marine shelf, lagoonal environments below the wave base, which ex-
tended to the edge of a shallow-water reef area (151,158,159]. The limestones contain nu-
merous fossils of primitive Stromatopora and Amphipora sponges with clearly visible 
structures [157] and, less frequently, those of Megalodon brachiopods [158,159]. Due to 
their good susceptibility to polishing and the interesting structure (Figure 10) 
[151,160,161], the term “Holy Cross Marbles” is commonly used when referring to the 
Devonian limestones of the Holy Cross region, which is inconsistent with their petro-
graphic affiliation.  

No. 14 is a fragment of the Late Permian Sigismundus (Zygmuntowski) conglomer-
ate composed of limestone debris, formed as a result of intense erosion of the Holy Cross 
orogen in the Late Carboniferous period and throughout Early Permian times. Pieces of 
the limestones, after being transported over short distances, were deposited as alluvial 
cones and coastal deposits of a transgressing sea in the Late Permian [151,156,162,163]. 
The limestone fragments are cemented by clay-calcareous cement with admixtures of iron 
oxides and hydroxides that are responsible for the red colour (Figure 10) [150,157,163]. 
The original core of the King Sigismund’s Column in Warsaw was made of the conglom-
erate. During the general restoration of the monument from 1885 to 1889, the weathered 
core was replaced with a granite one. Today, the original fragments of the column lie in 
the square in front of the side entrance to the courtyard of the Royal Castle in Warsaw. 

Figure 9. Current ripples (ripple marks) on the surface of Lower Jurassic sandstone from the Śmiłów
mine near Szydłowiec (No. 7).

Nos. 8–11 (and the already mentioned No. 1) are Lower Triassic sandstones from a
quarry on Góra Grodowa Mountain near Tumlin. These are dune sediments, cemented
with hematite-silica and then litified, which testify to the existence of a hot and dry climate
in the Early Triassic in the area of today’s Holy Cross Mountains [150,151,154–157]. The
sediments were deposited as a result of migration of transverse dunes or barchans raised
by southerly winds. Specimen Nos. 8–10 display large-scale cross bedding, resulting in
good platy parting.

Nos. 12 and 13 are Upper Devonian limestones from the Bolechowice quarry. They
were formed in marine shelf, lagoonal environments below the wave base, which extended
to the edge of a shallow-water reef area (151,158,159]. The limestones contain numerous fos-
sils of primitive Stromatopora and Amphipora sponges with clearly visible structures [157]
and, less frequently, those of Megalodon brachiopods [158,159]. Due to their good suscepti-
bility to polishing and the interesting structure (Figure 10) [151,160,161], the term “Holy
Cross Marbles” is commonly used when referring to the Devonian limestones of the Holy
Cross region, which is inconsistent with their petrographic affiliation.

No. 14 is a fragment of the Late Permian Sigismundus (Zygmuntowski) conglomerate
composed of limestone debris, formed as a result of intense erosion of the Holy Cross
orogen in the Late Carboniferous period and throughout Early Permian times. Pieces of
the limestones, after being transported over short distances, were deposited as alluvial
cones and coastal deposits of a transgressing sea in the Late Permian [151,156,162,163].
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The limestone fragments are cemented by clay-calcareous cement with admixtures of iron
oxides and hydroxides that are responsible for the red colour (Figure 10) [150,157,163]. The
original core of the King Sigismund’s Column in Warsaw was made of the conglomerate.
During the general restoration of the monument from 1885 to 1889, the weathered core was
replaced with a granite one. Today, the original fragments of the column lie in the square
in front of the side entrance to the courtyard of the Royal Castle in Warsaw.
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limestone debris (No. 14).

4.2. Scandinavian Erratic Rocks

Within the courtyard square, starting from No. 16, Scandinavian erratic rocks have
been placed. Among them, plutonic rocks (e.g., Nos. 15–19, 21, 31) dominate. Another
group of rocks presented here in large numbers is metamorphic rocks (e.g., Nos. 20, 30).
The group of rocks presented in the Rock Garden that were brought by the Scandinavian
ice sheet includes only two specimens of sedimentary rocks. These are Precambrian
sandstones, the so-called Jotnian sandstones, representing the group of nine rocks marked
as No. 24 in the leaflet’s [141] schematic map.

Some of the erratic rocks in the Rock Garden come from a specific (unique) outcrop
in Scandinavia. They are therefore indicator erratics. Such erratics are rapakivi granites
from the Åland Islands (Nos. 16–17 and 31; Figure 3). They are easily recognizable due to
their characteristic texture and structure of minerals [61,64,164]; large alkaline feldspars
(5–15 mm), generally ovoid in shape and with plagioclase rims, are clearly visible in the
red-brown rock groundmass (Figure 12). They are most often the same or a slightly lighter
in colour in relation to the rock groundmass. The plagioclase rim (narrower around smaller
ovoids, wider around larger ones) is grey-green in colour; weathering processes have
changed its colour to almost white. Quartz crystals are rare (the more frequent feldspars
are, the less frequent quartz crystals are), very well rounded and smoky grey, and their size
ranges from 1 to 10 mm.

Indicator erratics are also represented by the Småland granites from south-eastern
Sweden. In the Rock Garden, these rocks are numbered 15, 18–19 and 21 (Figure 3). They
are characterized by being multi-coloured, especially the intense red colour of potas-
sium feldspar [61,64,164]. An important distinguishing feature is the presence of bluish
quartz [71].

The surfaces of the rocks show traces of morphogenetic processes that affected the
boulder in the ice-marginal area of the melting ice sheet. Therefore, characteristic par-
allel aeolian micro-ribs are visible on the boulders (Nos. 16 (Figures 11 and 12) and 18),
which are the result of corrosion (erosion/grinding) of the furrows by sand grains and/or
snow/ice crystals carried by the wind in a dry and frosty periglacial environment [165].
Other specimens (Nos. 15 and 21) are rounded/oval in shape, which is the result of
glacial transport and erosive activity of meltwater in intra-glacial tunnels. The record of
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grinding (detersion) of part of the boulder against the crystalline bedrock, over which
it was transported at the base of the ice sheet, can be recognized thanks to the glacially
polished surfaces on three specimens in the Rock Garden (Nos. 19, 26 and 31). The record
of subglacial erosion may also be a result of abrasion of the surface of the boulder anchored
in the bedrock when the ice sheet was advancing over it.
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Figure 12. Details of the mineral composition of Åland rapakivi granite (No. 16) with legible aeolian micro-ribs (white
hyphens) that developed in a periglacial environment.
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5. Conclusions

The Rock Garden of the IGES at JKU in Kielce currently (as of 2020) contains about
50 specimens of rocks from the Holy Cross region and Scandinavian erratics that were
brought by ice sheets to the surroundings of Kielce.

Located in the immediate vicinity of the IGES, although it has been functioning for
only one year now, the Rock Garden already serves as a didactic facility for students of
geography, tourism and recreation, and environmental protection. Students carry out
activities here provided by the curriculum (Figure 13). In March 2020, field geomorpho-
logical workshops of IGES were organized in the Rock Garden. They accompanied the
first edition of Geomorphology Week, which is an event organized periodically under
the auspices of the Association of Polish Geomorphologists [166]. Workshop participants
learned to recognize the basic petrographic types of rocks (Figure 14) and were acquainted
with the geological and cultural heritage of the Holy Cross region. Were it not for the
limitations imposed by COVID-19, the rock collection would be presented during annual
events popularizing earth sciences, such as Geographer’s Day, Tourism Days, and GIS Day.
This is also where the students at the Open University of JKU were to have their lectures.
The hosts do not lose hope that it will eventually be possible to offer lectures, workshops,
courses, shows, geocaching/quests, TRInO, etc., to children and adults (e.g., as part of the
statutory activities of the Polish Geographical Society). On the one hand, these methods
will be excellent forms of popularizing research conducted at JKU; on the other hand, they
will respond to the cognitive and educational needs of the local community.
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The collection of rocks is accessible to any visitor who can arrive by public transport
or by car, which can be left in the nearby parking lot. In addition, the availability of food in
the student canteen and a convenient place to rest make the Rock Garden a facility of great
tourist potential. Over 4000 views of the Lapidarium website [167] in just one year of its
operation is a good omen for the future.

The Rock Garden of the IGES of JKU is another item in the list of urban geotourism in
Kielce, encouraging residents of the city and the region to learn about the rich geological
heritage of the Kielce region. The others are five inanimate nature reserves [168], the
Jan Czarnocki Holy Cross Branch of the Polish Geological Institute—National Research
Institute and the Geoeducation Centre (of the planned UNESCO Global Geopark Holy
Cross Mountain). Its integral element in the Holy Cross region is rock mining. At the Rock
Garden, visitors can learn about the centuries-old tradition of managing the resources of
inanimate nature. Thus, the collection of rocks enhances the geographical character of the
place, becoming a clear showpiece of the region.

The presence of examples of rock blocks from surrounding areas in the Rock Garden
of the IGES at JKU is a unique way for visitors to gain a better appreciation of geological
materials, their uses and the local natural environment. Visitors have the educational and
recreational opportunity to observe local rocks within a pleasant urban environment.

Finally, undertaking local initiatives aimed at disseminating all geotouristic values
of the region among the inhabitants will certainly contribute to drawing attention to the
need to protect the georesources of the Earth in Poland to a greater extent than what has
been done so far. The Rock Garden, as a unique facility will undoubtedly contribute to the
urban geotourism in Kielce and the city sourroundings.
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35. Kozłowski, S.; Migaszewski, M.; Gałuszka, A. Geodiversity conservation—Conservating our geological heritage. Pol. Geol. Inst.

Spec. Pap. 2004, 13, 13–20.
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39. Zwoliński, Z.; Najwer, A.; Giardino, M. Methods for assessing geodiversity. In Geoheritage: Assessment, Protection, and Management;

Reynard, E., Brilha, J., Eds.; Elsevier: Amsterdam, The Netherlands, 2018; pp. 27–52.
40. Górska-Zabielska, M. Fennoskandzkie Obszary Alimentacyjne Osadów Akumulacji Glacjalnej i Glacjofluwialnej Lobu Odry; Wyd. Nauk.
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2015, 1, 169–193.

124. Stueve, A.M.; Cook, S.D.; Drew, D. The Geotourism Study: Phase 1. Executive Summary; National Geographic Traveler, Travel
Industry Association of America: Washington, DC, USA, 2002; 22p.
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158. Kaźmierczak, J. Morphogenesis and systematics of the Devonian stromatoporoidea from the Holy Cross Mountains, Poland.

Palaeontol. Pol. 1971, 26, 5–147.
159. Racki, G. Evolution of the bank to reef complex in the Devonian of the Holy Cross Mountains. Acta Palaeontol. Pol. 1993, 37,

87–182.
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