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Abstract: Poznań, a city in central-western Poland, is located in the lowland region but has no less attractive geomor-
phological and human history. It was here that Poland was born at the end of the tenth century. The city’s location is 
connected with the meridian course of the Warta River valley. In contrast, in the northern part of the city, there is a vast 
area of the frontal moraines of the Poznań Phase of the Weichselian Glaciation. Against the backdrop of the geomor-
phological development of the city, the article presents the existing geosites, classified as urban geosites. The present 
geosites include three lapidaries with Scandinavian postglacial erratics, one of them also with stoneware, a fragment 
of a frontal push moraine and impact craters. Besides, three locations of proposed geosites with rich geomorpholog-
ical and/or human history were identified. These are as follows: the peat bog located in the northern part of the city, 
defence ramparts as exhumed anthropogenic forms, and the Warta River valley. The existing and proposed geosites 
in Poznań were evaluated in three ways. In general, it should be assumed that the proposed new geosites are higher 
ranked than the current ones.
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Introduction

Geographical environment of Poznań has 
been researched for at least 100 years, which 
has resulted in documenting its rich geodiver-
sity and biodiversity. It includes urban pro-
tected areas, although their existence and his-
tory of academic research are much shorter. 
The protected areas of Poznań are so young 
that they have neither systemic management 
nor integrated monitoring. Among the objects 
and protected areas of Poznań are the geosites, 
whose ideas in general context are promoted 
by Reynard (2004). Geosites in urbanised areas 

are relatively rarely introduced as forms of in-
animate nature conservation, and as a conse-
quence are often not noticed by both residents 
and naturalists, including academics and tour-
ists. Alexandrowicz (2003), in her list of geosites 
of Poland for the European geosites network, 
does not distinguish urban geosites. Urban 
geosites have recently been noticed, and more 
attention is paid to them (Reynard et al. 2017). 
Undoubtedly, underestimation is due to the ex-
istence of dense urban development, communi-
cation networks, and even areas of green infra-
structure that can obscure urban geosites. As a 
result, they are missed out as objects of natural 
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and cultural heritage. The Earth Summit in Rio 
de Janeiro (1992), and the emphasis on the sus-
tainable development of the environment and 
society, has given a clear impulse to the pro-
tection of the objects of nature that had so far 
been irretrievably lost in urban areas mainly be-
cause of the existence of grey infrastructure. In 
turn, the development of the concept of green 
and blue infrastructure has allowed for better 
solving the problems of shaping and protecting 
the natural environment in cities. These actions 
also help protect geoheritage in urban areas (cf. 
Reynard et al. 2017).

Urban geosites usually occupy small areas of 
terrain, and their location depends on the size of 
the city, its population as well as its spatial struc-
ture. Hence, few such items exist in town cen-
tres, while many more can be found on the out-
skirts of cities where there are more open spaces. 
Urban public spaces contribute to the visibility 
and protection of the city’s geodiversity in the 
form of geosites.

The situation is similar in Poznań, a city lo-
cated in central-western Poland, on the Warta 
River, where the Polish state was formed. The 
article aims to present the urban geosites exist-
ing in Poznań, and then to propose new urban 
geosites on the geomorphic background of the 
city. The other goal of the paper is to apply two 
measures evaluating urban geosites and com-
pare their results in the context of geosites pro-
tection and management.

The most important factors for the location of 
the settlement and then the development of the 
city of Poznań include the location on the Warta 
River. The topography of the city is inscribed in 
the natural layout of the landforms connected 
with the formation of the Warta River valley. 
For hundreds of years, people have been trans-
forming natural landforms and the local river 
network, adjusting the occupied land for settle-
ment purposes. Nowadays, the extent of urban 
transformation is significant, and the accessi-
bility to research in these areas is limited by the 
size of centuries-old buildings, so it is practically 
impossible to recognise the change of landforms 
entirely. Hence, in urban areas, places which 
deserve to be called a geosite occur either in ex-
cavations or filled-in pits. Therefore, the delimi-
tation of visible and invisible geosites by Clivaz 
and Reynard (2017) seems reasonable. 

Geodiversity of Poznań City

Despite the lowland character of the 
Wielkopolska (Great Poland) region, where 
Poznań has been developing (on the region-
al scale, on the Polish Lowland within North 
European Plain), its terrain shows exceptional 
diversification (Fig. 1). The largest part of Poznań 
is taken by the moraine plateau, which is the ef-
fect of the last Scandinavian ice sheet, namely 
the Poznań Phase of the Weichselian (Vistulian) 
Glaciation (Kozarski 1995), on which forms of 
frontal and areal deglaciation have been imposed 
(Fig. 2). The moraine plateau reaches an average 
elevation of 80–100 m a.s.l. In the northern part of 
the city the more varied relief is associated with 
the area of undulating moraine plateau (altitude 
90–100 m a.s.l, slopes 8–16°), and the hills and 
ramparts of the frontal accumulative and glacio
tectonic push moraines (Krygowski 1961). The 
relative heights of these formations with respect 
to the upland is ca. 50 m, while to the bottom of 
the Warta River – ca. 100 m. The dominant ele-
vation is Morasko Hill (153.75 m a.s.l.). In con-
trast, the southern and western parts of the city 
stretch out on the flat moraine plateau (altitude 
80–85 m a.s.l., slopes 0–0.5°) (Żynda 1996). The 
moraine plateau is dissected by numerous con-
cave forms in the shape of subglacial valleys 
and erosional lateral river valleys, whose slope 
range is 1–4°. These forms show the NE–SW 
(Cybina and Główna valleys) and NW–SE (val-
leys of Junikowski Stream, Bogdanka Stream 
and Różany Stream) orientation. Moreover, en-
dorheic basins of different genesis and sizes are 
numerous.

However, the most important and largest 
form of the meridional course is the Warta River, 
in its gap section. Within the limits of Poznań, the 
south-north part of the Warta River valley reach-
es a length of 15 km, while the width varies from 3 
km at the southern end of the city to 1.5 km in the 
northern end (Fig. 1). On average, the valley cuts 
the moraine plateau 20–40 m down. Pawłowski 
(1929) describes four terraces in the Warta River 
valley: the floodplain, the lower terrace (2 to 6 m), 
the central terrace (7–12 m) and the upper terrace 
(15(17)–21 m). The concept of the Warta terrac-
es system was developed by Bartkowski (1957), 
which will be further discussed. On the lowest 
floodplain in the bottom of the Warta River, on 
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the islands in the riverbed of the anastomosing 
river, the site of Poznań, considered to be the be-
ginning of the Polish state (Kóčka-Krenz 2015a), 
was located at the end of the tenth century. On 
the second left bank meadow terrace, the location 
of medieval Poznań (Kóčka-Krenz 2015b) com-
menced in 1253.

The area of Poznań lies on the border of 
two geological-tectonic units: the Fore-Sudetic 
Monocline and the Szczecin-Łódź-Miechów 
Syncline (Pożaryski 1974). Older geological struc-
tures are built of Permian series folded during 
the Variscan orogeny. The next series contains 
younger Permian and Mesozoic rocks inclined 
to the north and northeast. Numerous faults are 
associated with Paleogene and Neogene tecton-
ic horsts and grabens (Grocholski 1991). One 
of these tectonic grabens is used by the Poznań 
Warta Gap, which passes south-north through 

the central part of the city (Pawłowski 1929) (Fig. 
3). The varied pre-Cenozoic relief was covered 
with nearly 250 meters of an almost horizontal 
layer of Neogene clay, mud and sand with alter-
nating lignite (Ciuk 1978, Chmal 1997). Of par-
ticular importance for the Poznań area are the 
Pliocene motley clays up 110 m thick (Dyjor 1970, 
Kunkel 1975), often exposed in glaciotectonic 
structures (Krygowski 1961), for instance on the 
Warta River valley slopes (Chmal 1997).

Quaternary series of sediments, whose thick-
ness reaches a maximum of 60 m, come from 
successive Scandinavian glaciations that cov-
ered the Polish territory. They are represented 
by glacial till beds separated by fluvioglacial and 
ice-dammed sands and gravels of the Great and 
Eemian Interglacials (Chmal 1997). The margin-
al zone of the Poznań Phase of the Weichselian 
Glaciation, which runs east-west across the city, 

Fig. 1. Digital elevation model and main elements of hydrographic network for Poznań vicinity (DEM 
elaborated on the basis of Vmap Level 2 by J. Jasiewicz) with existing and proposed geosites.

1 – Lapidarium in the Botanical Garden, 2 – Lapidarium in the Millennium Park, 3 – Lapidarium at the Institute of 
Geology, 4 – Morasko Hill, 5 – Impact Crater Morasko, 6 – Genius Loci, 7 – Żurawiniec peat bog, 8 – Poznań section of 

the Warta River Valley.
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Fig. 2. Geomorphological map of Poznan area (Hildebrandt-Radke 2016, elaborated on the basis of previous 
geomorphological maps acc. Bartkowski 1957, Tomaszewski 1960, Krygowski 1961, and geomorphological 

sketches attached to the Detailed Geological Map of Poland by Chmal 1992, 1996, 1997, Bartczak 1993, Gogołek 
1993, Chachaj 1996, Cincio 1996, Sydow 1996; modified).

1 – morainic hills of accumulation origin, 2 – morainic hills of glacitectonic origin, 3 – accumulative morainic hills, 
4 – ice-death morainic hills, 5 – flat morainic upland, 6 – undulating morainic upland, 7 – highest outwash level, 

8 – higher outwash level, 9 – lowest outwash level, 10 – 1st erosion-accumulation terrace, 11 – 2nd erosion-accumula-
tion terrace, 12 – accumulation terrace , 13 – ice-marginal valley terrace, 14 – bottom of valley, 15 – eskers, 16 – kames 

and kame terraces, 17 – denudation plains, 18 – alluvial remnants, 19 – slopes, 20 – alluvial fans, 21 – slope wash 
plains, 22 – aeolian sands, 23 – lacustrine plains, 24 – glaciolacustrine plains, 25 – peat plains, 26 – erosion plains of 

meltwaters, 27 – valley, 28 – forts, 29 – lakes, 30 – dry and wet oxbow lakes, 31 – rivers, 32 – border of city.
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developed ca. 18 400 years BP, and the youngest 
till deposits are up to 12 m thick (Kozarski 1995). 
The southern parts of the today’s Poznań stretch 
on three levels of the outwash plain (Krygowski 
1961, Biedrowski 1968). Locally, sands and grav-
els of eskers, kames and kame terraces as well as 
ice-dammed clay (Bartkowski, Krygowski 1959, 
Chmal 1997) also occur.

In the Holocene, surface sediments were mod-
ified while landforms were transformed and lev-
elled through denudation processes. Quaternary 
postglacial deposits and Holocene colluvial and 
alluvial sediments were a good substrate for the 
development of lessive, proper brown, leached 
brown and brown acidic soils on moraine pla-
teaus, black earths on wetlands, podzolic and 
rusty soils on outwash plain sands, as well as 
mud-peat, peat, marshy-peat, marshy-mineral 

and alluvial soils in river valleys, subglacial 
channels and around lakes. 

In the Holocene intensive lateral erosion pro-
cesses led to the development of an extensive 
floodplain and the destruction of higher terrac-
es (Bartkowski 1957). At the bottom of the Warta 
River valley, there were frequent changes of the 
main river channel pattern caused by floods 
(Kaniecki 2004, 2013) from a multi-channel river 
with numerous islands (anastomosing river) to 
a modern-day single-channel river (meandering 
river but in the centre of Poznań with the anthro-
pogenically straightened course). In addition to 
planar changes, hypsometric changes in plus and 
minus in the bottom of the valley, as well as indi-
vidual terraces, are significant (Fig. 4). It demon-
strates the complex transformations of the relief 
in the river valley, both horizontal and vertical, 

Fig. 3. Geological cross-section of the Warta River valley in Poznań  
(elaborated on the basis of Detailed Geological Map of Poland by Chmal 1996).

1 – sandy muds of the valley bottom, 2 – alluvial sands of the floodplain 2.5–4.5 m above the river level, 3 – slope wash 
sands on the clays and muds, 4 – sands and gravels of upper terraces from Bølling, 5 – alluvial sands and gravels of 
upper terraces of the Pomeranian Phase, 6 – glaciofluvial sands and gravels of ice-death moraine, 7 – glaciofluvial 

sands and gravels of the 3rd outwash level of the Poznań Phase, 8 – glaciofluvial sands and gravels of the 1st outwash 
level of the Poznań Phase, 9 – sands, gravels, locally glacial boulders of the Poznań Phase, 10 – end-moraine sands 
and gravels of the Poznań Phase, 11 – tills of the Poznań Phase, 12 – lacustrine clay and muds of the Poznań Phase, 

13 – sands and gravels of kames of the Poznań Phase, 14 – glacial sands on the tills of the Leszno Phase, 15 – tills of the 
Leszno Phase, 16 – lower glaciofluvial sands and gravels of the Leszno Phase, 17 – muds and peats of Eemian Inter-

glacial Stage, 18 – glaciofluvial sands and gravels of the Warta Stadial, 19 – tills of the Warta Stadial, 20 – glaciofluvial 
sands and gravels of the Odra Stadial, 21 – glaciolacustrine clays, muds and sands of the Odra Stadial, 22 – tills of the 
Odra Stadial, 23 – tills of the South Polish Glaciation, 24 – Neogene clays, muds and sand, 25 – Neogene sands, clays, 
muds and brown coal, 26 – Palaeogene sands, clays, muds and brown coal, 27 – Upper Jurassic marls, limestone and 

clays, 28 – Lower Jurassic sandstones, clays and marl limestone, 29 – brown coal, 30 – rivers.
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as well as temporal. The remains of the upper 
terraces (e.g., terrace VII), which rise above the 
lower terraces are called “hills” (Kaniecki 2013).

The geomorphological landscape of Poznań 
has changed many times since the Middle Ages. 
It was connected with frequent human interven-
tions, first in the relief of the bottom of the Warta 
River valley (Fig. 4), later also meadow terraces 
and moraine plateaus. The effect of these inter-
ventions is the creation of an extensive invento-
ry of anthropogenic forms and sediments. These 

forms, together with the deposits forming them, 
create the contemporary cultural landscape of 
Poznań. The forms created by human activity in-
clude, first of all, levelling of the river terraces by 
superimposing sediments, levelling of river ter-
races and small hills by removing deposits, flood 
embankments, moats, communication dykes, 
earthworks, filling in river and stream beds and 
old canals, fortifications, disused excavation pits 
of glacial till, varved clay and sand, artificial wa-
ter reservoirs, communication embankments 
and ditches, agricultural terraces, high bounds, 
field road incisions, reclaimed municipal land-
fills. These forms refer strictly to the genetic clas-
sification of anthropogenic forms proposed by 
Kirchner, Smolová (2010), Szabó et al. (2010) and 
Kubalíková et al. (2017). The emergence of these 
forms in many places has resulted in the increase 
of cultural layers of 5–7 m in thickness over the last 
millennium, with the raising of 3–5.5 m (Kaniecki 
2013) in the first 300 years (Fig. 4). Such a high 
terrain raising in the Warta River valley was due 
to the frequent floods and inundations of the ar-
eas occupied by the buildings. The material used 
for shaping anthropogenic forms was a mixture 
of native sediments, mainly sand, less often till, 
and additives related to human activities, such as 
debris and litter.

Existing geosites

The Polish Central Register of Geosites of 
the National Geological Institute includes 2200 
geosites1 across the entire country (Warowna et 
al. 2013, Chybiorz, Kowalska 2017, PGI 2017). It 
contains six geosites in Poznań (see Fig. 1, black 
flags). The analysis in this article, however, cov-
ers only five of them. The sixth geosite exclud-
ed from this article is a single boulder at the en-
trance to another geosite, namely the Morasko 
Meteorite Reserve. Thus, instead of distinguish-
ing a single boulder, it should be incorporated 
into the Impact Crater Morasko geosite or be des-
ignated as a natural monument.

1	 Moreover, there is an English version of the geosites 
register in Poland, namely “Database of Polish Rep-
resentative Geosites” created by the Institute for Na-
ture Conservation of the Polish Academy of Sciences 
(http://www.iop.krakow.pl/geosites/), which in-
cludes a mere 176 geosites. 

Fig. 4. Hypsometric changes of terrain surface as a 
result of levelling out works along the Warta River 

valley (Kaniecki 2013).
1 – raising by 0–2 m, 2 – raising by 2–5 m, 3 – raising 

above 5 m, 4 – lowering the terrain surface, 5 – lowering, 
then raising the terrain surface, 6 – steep slopes.
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Lapidaries

Several Scandinavian ice sheets advancing 
into the Wielkopolska area eroded many blocks 
and boulders from the Scandinavian territories 
and the Baltic basin, and incorporated them into 
the long-distance glacial transport. Spreading 
ice sheets extracted igneous, metamorphic and 
sedimentary rocks. The magmatic and metamor-
phic rocks dominating erratics come from the 
crystalline Fennoscandian (Baltic) Shield. The 
outcrops of sedimentary rocks are located in the 
plate built of Neoproterozoic, Lower Palaeozoic, 
Upper Mesozoic and Lower Cainozoic sedimen-
tary rocks which cover the Fennoscandian Shield 
(Czubla et al. 2006, Górska-Zabielska 2008). Thus, 
the rock material from northern Europe can be 
up to 1.8 billion years old.

The boulders of Wielkopolska belong to the 
natural resources of the lithosphere. They form 
a trace of subsequent Scandinavian glaciations 
and are the geological heritage of the region. 
They represent different petrographic types and 
come from different feeding areas. They indicate 
the direction of the transgression of the ice sheet 
and/or ice streams (Górska-Zabielska 2008) and 
may be the basis for determining the age of gla-
cial sediments. All these characteristics indicate 
that boulders are undoubtedly an element of the 
region’s geodiversity.

Boulders are one of the unique features of the 
natural environment, hence the efforts to pre-
serve this kind of inanimate nature heritage in 
the form of a collection of boulders in a petro-
graphic garden, otherwise called a lapidarium. 
Lapidaries can, therefore, be treated as geosites. 
A classic example of such geosites are the speci-
mens described from the Turin area of Piedmont, 
Italy (Motta, Motta 2007). There are three lapi-
daries in the Polish Central Register of Geosites 
(PGI 2017) located in Poznań which were creat-
ed to preserve and protect the stone remnants of 
Pleistocene glaciations in the geographical envi-
ronment, and cultural heritage.

Lapidarium in the Botanical Garden
The Botanical Garden of the Adam Mickiewicz 

University is located in the moraine plateau in 
the western part of Poznań (see Fig. 1, flag 1). In 
the background of the collection of plants and 
trees are exposed boulders, enriching the area 

with geotourist attractions. The rock material of 
about 3 000 tons consists of ten boulders in differ-
ent parts of the garden. The geosite is registered 
in the Polish Central Register of Geosites under 
the number KDG: 1250 and the name “Erratics 
in the Botanical Garden of the Adam Mickiewicz 
University in Poznań”. These boulders represent 
all petrographic types of rocks. They have been 
exposed ex situ, i.e., outside of their original oc-
currence, but still bear witness of geodiversity of 
the NW Poland (Górska-Zabielska 2010, 2013). 
There are two large boulders from the very area 
of Poznań: the gneiss (from the Rataje District 
on the right bank of the Warta River) and the 
Smaland granite (from the Wilda District on the 
left bank of the Warta River). The original dep-
osition site of these boulders is the evidence of 
their glacial transport during the Leszno Phase 
of the Weichselian Glaciation (ca. 20 000 years 
ago, Górska-Zabielska 2013). Other boulders are 
guide erratics: Karlshamn granite, Stockholm 
granite and grey Vaxjo granite. The Botanical 
Garden has the largest gneiss boulder in Poznań 
(Fig. 5 B; length 4.5 m, width 4.2 m, height 5.5 
m, circumference 12 m, volume 54.4 m3, weight 
149,5 tons; Górska-Zabielska 2010, 2015). The 
boulders in the Botanical Garden show unusual 
morphology because they have traces of polish-
ing that the rock gained during glacial transport 
(glacial polish), as well as surfaces smoothed by 
sandblasting (eologliptolites). Access to the boul-
ders is easy and safe; unfortunately these objects 
are not adequately described.

Lapidarium in the Millennium Park
A collection of boulders of the Millennium 

Park is located in the eastern part of Poznań (see 
Fig. 1, flag 2). The geosite is registered in the 
Polish Central Register of Geosites under the 
number KDG: 1251 and the name “Erratics in 
the Millennium Park on Lake Malta in Poznań”. 
There are about 30 boulders in the park (Fig. 5 A), 
excavated during the creation of the artificial ba-
sin of Lake Malta. These are not objects occurring 
precisely in the in situ position, i.e., in the posi-
tion where they were deposited by the ice sheet. 
They were moved to a short distance, document-
ing the composition of post-glacial sediments of 
the Leszno Phase of the Weichselian Glaciation, 
building the moraine plateau in the eastern part 
of Poznań. Among the boulders there are guide 
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erratics, such as Dalarna sandstone, Karlshamn 
granite and Smaland granite (Górska-Zabielska 
2010), as well as index erratics, namely Dalarna 
sandstone (PGI 2017). Boulder surfaces show 
glacial polish and manifestation of weathering. 
Boulders are incorporated into tree lines and 
bushes of the Millennium Park, but their de-
scriptions in the form of information boards are 
missing. The area is easily accessible and without 
protection. 

Lapidarium at the Institute of Geology 
The rock garden is located in the northern 

part of Poznań (see Fig. 1, flag 3), in the Morasko 
Campus near the Institute of Geology, Faculty 
of Geographical and Geological Sciences of the 
Adam Mickiewicz University in Poznań. It is part 
of the Museum of the Earth (Fig. 5 C). The geo-
site is registered in the Polish Central Register of 
Geosites under the number KDG: 1253 and the 
name “Petrographic lapidarium of the Institute 
of Geology of the University of Adam Mickiewicz 

in Poznań”. Under the open sky, there are var-
ious natural objects as well as exhibits showing 
the use of stones in architecture, construction and 
art. The exhibition is divided into several themat-
ic sections covering: 1. stone in nature, 2. stone in 
architecture and sculpture, 3. stone in road con-
struction, 4. utilitarian stone.

In the natural rock section, there are guide 
boulders, such as Åland rapakivi granite, 
Karlsham granite and Kalmar sandstone. On 
the surfaces of many exposed boulders, one can 
find traces of their glacial transport (glacial pol-
ish) as well as the wind and sand erosion (eo-
logliptolites and glyptoliths) and the effects of 
weathering processes (Górska-Zabielska 2011). 
In the lapidarium collection there are two boul-
ders distinguished by their size. The first one is 
granitic gneiss with an aplite vein in the structure 
of the rock (length 2.9 m, width 3.4 m, height 1.8 
m, circumference 8.6 m, volume 9.28 m3, weight 
ca. 25 tons). It was obtained from the excavation 
of the Jóźwin Lignite Opencast Mine in Konin, 

Fig. 5. Urban geosites of postglacial erratics in Poznań (Photo: M. Mazurek, July 2017).
A – collection of erratics in Millenium Park, B – the biggest erratic (gneiss) in Poznań, Botanical Garden of the Adam 
Mickiewicz University in Poznań, C – Lapidarium of the Institute of Geology of the Adam Mickiewicz University in 
Poznań, D – indicator erratic (Karlshamn granite) in front of the Institute of Geology of the Adam Mickiewicz Uni-

versity in Poznań.
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and since 1994 has had the status of an inanimate 
monument. The second object is the Karlshamn 
granite, the guide boulder of Blekinge in south-
ern Sweden (length 5.4 m, width 3.2 m, height 
3 m, circumference 12.6 m, volume 27.11 m3, 
Górska-Zabielska 2011, Fig. 5 D).

The lapidarium collects various elements of 
destroyed or rebuilt public buildings (e.g., mill-
stones), sacred buildings, monuments or other 
buildings from the streets of Poznań. Between 
the sixteenth and eighteenth centuries, rocks 
from the south of Sweden were used in sacred 
objects of Poznań (Walendowski 2004), such as 
Ordovician red and grey limestone with fossils 
from the island of Öland. Stonework objects pre-
sented in the lapidarium were made of granites 
(from Strzegom in Poland and Vangi in Sweden), 
Scandinavian gneisses, limestone (Swedish 
Ordovician limestone, Belgian black limestone) 
and marble (from Sławniowice in Poland and 
Carrara in Italy), sandstones (e.g. from the vi-
cinity of Nowa Ruda in Poland), slate (includ-
ing Carboniferous phyllites), and travertine. In 
the lapidarium it is possible to find examples of 
limestone from Öland, e.g., the floor plate from 
the church of St. John of Jerusalem and a corner 
element of the Poznań cathedral. Other exhibited 
stone objects are the ornament elements from the 
Imperial Castle made of the sandstone from the 
Elbe region and Bolesławiec, as well as Strzegom 
granite, a window sill from the Collegium Minus 
made of Austrian marble and a fragment of the 
destroyed monument of Emperor Frederick III 
made of Swedish Vanga granite. The objects of 
the University Lapidarium are readily available 
and described on the information boards. Due 
to the collected specimens of geological and cul-
tural heritage, the lapidarium has over regional 
significance.

Morasko Hill

The geosite “Morasko Hill” is registered in 
the Polish Central Register of Geosites under 
the number KDG: 1405 and the name “Moraine 
hills north of Poznań Morasko Hill” (see Fig. 1, 
flag 4). The hill is a glaciotectonically pushed cul-
mination section of the frontal moraines, which 
were formed during the Poznań Phase of the 
Weichselian Glaciation (Bartkowski, Krygowski 
1959, Krygowski 1961, Karczewski 1961, 1976, 

Kozarski 1986). Morasko Hill of the altitude 
of 153.75 m a.s.l. is the highest late-glacial el-
evation in the landscape of Poznań, and even 
the entire Central Wielkopolska. It has unique 
scenic values (Fig. 6 A). Relative heights in the 
lowland landscape of Wielkopolska are rather 
low, but between the elevation of the Morasko 
Hill and the nearby Warta Gap, they reach over 
100 meters (Fig. 6 B). Morasko Hill is built of 
deformed Neogene and Pleistocene sediments. 
Its present-day morphology is the result of the 
processes connected with the activity of the last 
ice sheet (Weichselian Glaciation), followed by 
the Holocene morphogenetic processes. The hill, 
however, originated in the earlier phases of the 
Quaternary (Stankowski 2011).

The landscape of Morasko Hill is significant-
ly diverse – there are some late-glacial forms, 
such as frontal moraine hills, moraine plateau, 
outwash plains, erosion gullies and dead ice 

Fig. 6. Urban geosite of the Moraska Góra  
(Morasko Hill).

A – view on Morasko settlement from the northern 
slopes of the Morasko Hill, B – schematic geological 
cross-section through the left bank of morainic up-
land from Morasko Hill to the Warta River valley 

(Stankowski 2011, modified): 1 – Neogene deposits 
within deformations reaching the ground surface, 2 

– tills deformed glacitectonically, 3 – eolian snads, 4 – 
finegrained and muddy alluvial sands, 5, 7, 8 – levels 

of tills, 6 – glaciofluvial deposits, 9 – Neogene clays and 
muddy deposits, 10 – Neogene sandy brown coal series, 

11 – Mesosoic carbonate rocks, 12 – brown coal.
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melt-out basins, as well as boulders found in for-
ests and fields. Boulders have been used since the 
Middle Ages for local construction. Morasko Hill, 
due to its exposure in the surrounding landscape, 
may have played a cultural role in the local com-
munity in the past, as may be visible indirectly 
in the numerous traces of prehistoric settlement 
occurring in its vicinity (Makohonienko et al. 
2016). In the nineteenth century, there was a 
wooden triangulation station on the culmination 
of Morasko Hill. The tower will be reconstructed 
under the planned Morasko Geopark and should 
favour the perception of landscape values.

 

Impact Crater Morasko

The area of Poznań is an example of the pres-
ence of endorheic basins of meteorite origin (see 
Fig. 1, flag 5). They are unique in Poland and one 
of few in Europe. Such forms occur at the foot 
of the Morasko Hill and have a depth of up to 
11.5 m (Stankowski 2009). The geosite “Morasko 
Meteorite” is registered in the Polish Central 
Register of Geosites under the number KDG: 
1406 and the name “Morasko Meteorite Reserve”. 
It is located in the northern part of Poznań, on 
the northern outskirts of the Morasko Hill. Since 
1976, the site has been protected as the impact 
site in the vicinity of the hornbeam-oak forest, 
rare in Wielkopolska. The site represents the 
well-preserved remnants of the meteorite impact 
that occurred in the middle Holocene, ca. 5,000 
years ago (Tobolski 1976, Stankowski 2001, 2008, 
Szczuciński et al. 2016) (Fig. 7). The Morasko 
Impact represents the largest documented iron 
meteorite shower in Central Europe. It is unique 
in the world due to the presence of impact traces 
in soft glaciogenic sediments (Muszyński et al. 
2014). The site includes seven impact craters, the 
largest of which reaches a diameter of 100 meters 
(Fig. 8 A). The described craters are circular and 
bowl-shaped (Fig. 8B), and display a symmetric 
distribution around the largest crater (Włodarski 
et al. 2017, Fig. 9). Some of the craters are contin-
uously or periodically filled with water (Fig. 8 B).

The site of the Morasko impact has been 
subjected to research for more than a century 
(Pokrzywnicki 1955, Hurnik 1976, Stankowski 
2008, Muszyński et al. 2012). The first meteorite 
finds were encountered during the excavation of 

Fig. 7. Timing of main processes and morphological 
changes of the Morasko Hill during the Vistulian 

glaciation and Holocene (after Stankowski 2001 and 
Muszyński et al., 2014, modified).

A – original morphology of the Morasko Hill before 
the Last Glacial Maximum (LGM) c. 20,000 years ago 

(the hill originates from glacitectonical deformations in 
older glaciations and subsequent denudational trans-
formations). B – period of maximum extend of the last 
ice-sheet reaching so-called Leszno Phase during LGM 

(the hill covered by ice-sheet. Shallow deformations and 
ice abrasion surfaces developed. Subglacial meltwater 

erosional forms have begun to create). C – period of de-
glaciation during so-called Poznań Phase c. 18,000 years 
ago (geomorphological processes: prolongation of evor-
sion, active erosion of melting waters and accumulation 
of glaciogenic sediments. Out of glacial cover permafrost 
exist and active periglacial processes occur). D – period 
of permafrost degradation, development of kettle-holes. 

Beginning of organic infilling of kettle-holes (14,000 
and later) but not younger than 10,000 BP. E – meteorite 
impact episode about 5,000 years BP (meteorite Morasko 
shower fell-craters were formed and their organic infill-

ing could start). 
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Fig. 8. Urban geosite of the Impact Crater Morasko (Photo: M. Makohonienko).
A – the biggest crater A filled with water surrounded by a protected oak-horn forest (March 2013), B – crater C filled 

with water (July 2012), C – the largest fragment of Morasko meteorite weighing 261 kg; specimen before cleaning 
weighing over 300 kg (October 2012).

Fig. 9. Spatial distribution of main impact craters in 
Morasko reserve.

1 – dry craters, 2 – craters permanently or occasionally 
filled with water, 3 – swamp.
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military trenches during the First World War in 
1914. The total weight of the finds is estimated to-
day at about 1,500 kg. This site was the source of 
the largest meteorite fragment found in Poland, 
weighing 261 kg, presented at the Earth Museum, 
Faculty of Geographical and Geological Sciences 
of the Adam Mickiewicz University in Poznań 
(Fig. 8 C). In 2013 and 2015, two new minerals 
were discovered in the Morasko Meteorite: mo-
raskoite Na2Mg(PO4)F (Karwowski et al. 2015) 
and czochralskiit Na4Ca3Mg(PO4)4 (Karwowski et 
al. 2016). The site is one of the most appreciated 
places on the meteoritic map of Poland for both 
professionals and amateur-hobbyists, deserving 
of full recognition of international geo-tourism.

Proposed geosites

Analysing the geodiversity of Poznań in the 
meaning of geodiversity by Zwoliński (2004), 
Gray (2013) and others, i.e. geodiversity repre-
sented on geomorphological, geological, litho-
logical, hydrogeological, hydrographic, soil, land 
cover and land use etc. maps, it seems appropriate 
to distinguish three new geosites (see Fig. 1, white 
flags). They are key for the Poznań’s geological, 
geomorphological, hydrographic, natural, but 
also archaeological, historical and cultural devel-
opment. The particularly intensive development 
of the city since the turn of the nineteenth and 
twentieth centuries in demographic and spatial 
terms (Fig. 10) creates favourable conditions for 
the establishment of further urban geosites. At 
present, three new geosites are proposed, two of 
which are located in the centre of Poznań: Genius 

Loci and the Poznań section of the Warta River 
Valley. The third site, the Żurawiniec peat bog, is 
located at the northern edges of the city.

Genius Loci

The Genius Loci geosite includes relics of a 
fragment of a defensive rampart surrounding a 
medieval gord on Ostrów Tumski Island on the 
Warta River in Poznań (see Fig. 1, flag 6). At pres-
ent, this site has the status of the Archaeological 
Reserve of unique importance, as the face of the 
city wall is exposed under the modern glass ar-
chitectural form (Fig. 11 B). The length of all ram-
parts surrounding the Poznań gord is 2.25 km, 
and the length of the youngest section, where the 
geosite is located, 0.5 km (Fig. 11 A). In the ex-
posed part, the sediments of both the foundations 
of the gord and the anthropogenic sediments that 
were superimposed in the later stages of the city 
development can be traced (Fig. 11 C). 

The exposure of the cross section gives the 
possibility of observing these deposits in the 
horizontal (spatial) as well as vertical (temporal) 
layout. Geomorphologically it is a floodplain. 
On this terrace were waterlogged meadows 
(Antowska-Gorączniak 2013). The hypsometric 
differences show that the gord was located in 
the areas prone to frequent floods and periodical 
stagnation of surface waters, as evidenced by lay-
ers of alluvia with malacofauna. The recognised 
taxa are dominated by those specific for the litto-
ral zone of water bodies with abundant vegeta-
tion, e.g., Radix peregra, Gyraulus crista, Acrolorus 
lacustris, Pisidium nitidum (Kurzawska 2013). 
Alluvial soil sediments occur at an ordinate of 
51.75 m a.s.l., with an average surface area of ap-
prox. 58 m a.s.l. It can be concluded that about 
7 m of anthropogenic sediments are deposited 
in the rampart section (Fig. 11 C). On the other 
hand, the rampart itself is constructed on an extra 
sand layer that levels the area and hardened with 
fascines (branches, bark, wooden roof planks, 
small stones and braids).

Within the embankment, the primary struc-
tural element was five rows of crates in a log butt-
and-pass structure with an average dimension of 
3 × 3 m. The boxes were filled with sand, sand 
mixed with till, or till. Excavations have docu-
mented three outer rows of crates. It is estimated 
that the entire width of the embankment could 

Fig. 10. Changes of inhabitants and area of Poznań 
city (acc. different historical and statistical data, 

mainly acc. Kruszka 2008).
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have reached 22 m, and the height along with 
the palisade could have been 11 m (Fig. 11). On 
the anthropogenic cross section, there are visible 
humus streaks showing the internal grate struc-
ture that has decayed. Covering the construction 
with till may indicate that the building of the 
rampart was completed (Antowska-Gorączniak 
2013). The till layer on the rampart slope was 
supposed to protect it against washing and mass 
movements, and provide fire protection for the 
wood. However, according to dendrochronolog-
ical dating, two stone benches and two wooden 
reinforcements were soon added to the rampart. 

Petrographic studies of stone reinforcements 
indicate their diversity. The first stone reinforce-
ment, older, is made of granites (Scandinavian 
boulder rocks), in the second bench – a greater 
share of sandstone and calcareous tufa is noted. 

Their share may correspond to the time construc-
tion of a palladium or cathedral where such raw 
materials were used. From the sedimentological 
cross section, repair steps and degradation pro-
cesses of the rampart can be reconstructed in the 
period before the relocation of the settlement to 
the left bank of the Warta River (i.e., before the 
town’s location in 1253). Probably frequent floods 
and inundations forced the rampart repair due to 
the cracking and collapse of the crate construc-
tion (Antowska-Gorączniak 2013, Wawrzyniak 
2005). Dendrochronological dating places the 
cutting down of trees used for the building be-
tween 967–981 (Krąpiec 2013). The earliest re-
pairs date back to 1001, and the last one – to the 
middle of the thirteenth century, just before the 
town’s location by Przemysł I on the left bank of 
the Warta River (Krąpiec 2013).

Fig. 11. Proposed urban geosite Genius Loci in Ostrów Tumski, Poznań.
A – model of the stronghold complex reconstruction; the red arrow indicates the location of the proposed geosite 

(from Archives of the Archaeological Reserve of Genius Loci), B – view of the Genius Loci Archaeological Reserve (in-
side is the geoarchaeological section shown in picture C) (Photo: I. Hildebrandt-Radke 2017), C – geoarchaeological 

cross-section through the medieval defence rampart of the stronghold: Profile E (from Archives of the Archaeological 
Reserve of Genius Loci) (Photo: K.  Zisopulu-Bleja 2013).
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A fragment of the sixteenth-century wall was 
recorded in the ceiling layers of the rampart. Two 
layers have been preserved: the compensating 
layer formed as a result of its construction and 
the post-demolition layer consisting of brick rub-
ble and lime mortar. In various places of archae-
ological excavation, the sixteenth-century layers 
are covered by numerous anthropogenic layers 
from the eighteenth to nineteenth centuries with 
numerous historical material. The last segment 
recorded during the excavation research was the 
humus layer.

The historical value of this place and the mod-
ern way of exposing the cross section through the 
medieval gord wall kept in situ justifies its selec-
tion as the proposed geosite.

Żurawiniec peat bog

The proposed Żurawiniec geosite (see Fig. 1, 
flag 7) is a unique natural site in the city of Poznań, 
legally protected since 1959 as a reserve of transi-
tion bogs of high educational value (Szafran 1957). 
The reserve located within the Piątkowski Forest 
occupies a relatively small area of 1.47 ha with an 
elongated shape (Żurek 2006) (Fig. 12 A). The peat 
bog is situated in the late-glacial landscape, in the 
foreground of the frontal moraine of the Poznań 
Phase of the Weichselian Glaciation. The 14C dat-
ing of the Poznań Phase, and thus the beginnings 

of shaping the landscape of the northern part of 
Poznań, is about 18 400 years BP (Kozarski 1986). 
The transition of Żurawiniec bog is located on 
sand of the Naramowice outwash plain (Żynda 
1996), in the basin associated with the fluviogla-
cial activity. The northern part of the reserve, the 
largest and best developed with swamp vegeta-
tion complexes, was defined by Tomaszewski 
(1960) as a dead-ice melt basin (Fig. 12 B). As a 
result of hydrological changes over the last dec-
ades, the transition bog flora has been degraded 
(Siepak et al. 1995). However, the sediments of 
the Żurawiniec bog still retain a valuable record 
of the history of the protected geoecosystem and 
the development of the local cultural landscape 
dating back to the beginnings of the Polish state-
hood. These sediments constitute a unique ar-
chive of the natural and cultural heritage of the 
city of Poznań, and in the broader sense of the 
early history of Poland (Makohonienko 2014).

In 2015 the reserve became a geological re-
serve. With the cooperation of the city and the 
Adam Mickiewicz University in Poznań, the pro-
ject of waterlogging of the reserve for sediment 
protection and improvement of water condi-
tions is being implemented. In recent years, the 
Żurawiniec bog and its neighbouring sediments, 
such as the alder marsh forest bog with the al-
der-forest (Fig. 13 C) and the former Żurawiniec 
pond (Fig. 13 A, B), have become field-based 

Fig. 12. Digital terrain models of the Żurawiniec Reserve and its immediate vicinity (elaborated on the basis of 
the ISOK Project by J. Jasiewicz) (after Makohonienko 2014).

A – 2D model, B – 3D model.
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Fig. 13. Proposed urban geosite of the Żurawiniec peat bog.
A – northern part of the Żurawiniec Reserve surrounded by forest communities (May 2015), B – swamp alder 

forest in the southern part of Piątkowski Forest (August 2016), C – Żurawiniec peat deposits – ZUR 2/2012 
core fragment, depth 100–150 cm, D – borehole biogenic sludge drills type INSTORF with the participation of 
students and PhD students (November 2012), E – macroscopic plant remains from Żurawiniec peat deposits, 

ZUR 3B/2012 core (Photos A, B, C, D: M. Makohonienko, Photo E: M. Heimann).



140	 Zbigniew Zwoliński, Iwona Hildebrandt-Radke, Małgorzata Mazurek, Mirosław Makohonienko

paleoenvironmental research laboratory with ac-
tive participation of students from the Faculty of 
Geographical and Geological Sciences (Fig. 13 D). 
The object is regaining the educational and re-
search dimension popularising paleogeographi-
cal knowledge (Fig. 13 D, E).

Poznań section of the Warta River Valley

The landscape of the gap section of the Warta 
River valley (see Fig. 1, flag 8), its geological, 
geomorphological and historical past as well as 
unique natural values are worthy of establish-
ing a geosite of exceptional importance for the 
inhabitants of Poznań but also of regional and 
national significance (Fig. 14 A). The Warta River 
is an important part of the identity and image of 
Poznań. The unique spatial pattern of the city is 
connected with its development along the main 
morphological axes, such as the south-north-ori-
ented Warta River valley in the so-called Poznań 
Warta Gap and the diagonal subglacial chan-
nels of Bogdanka and Cybina Streams, as well 
as the Junikowski and Głuszynka Streams (see 
Fig. 1). These valley forms were formed with a 
high proportion of melting ice sheets during its 
recession from the frontal moraine lines of the 
Poznań Phase during the Weichselian Glaciation. 
The oldest organic sediments in Warta River val-
ley were accumulated in the Boreal Period, and 
next in the Atlantic, Subboreal and Subatlantic 
Periods (Troć, Milecka 2008). Some layers came 
from the Middle Ages. Similar age was indicated 
by palynological results and 14C dates as suggest-
ed by Troć and Milecka (2008). But in Bogdanka 
and Cybina valleys palynological results suggest 
accumulation of organic layers throughout the 
Holocene to the Middle Ages. There are seven 
terraces in the Poznań Warta Gap (Bartkowski 
1957, Kaniecki 2004, see Fig. 2):
–– floodplain (altitude of 53 m a.s.l., relative 

height of 0–3 m above average water level) 
covering the bottom of a 800 m wide valley 
on both sides of the river; it is built of fluvial 
muds, sand, and gravel; the morphology of 
this area has been greatly elevated by the con-
struction embankments; the oldest districts 
of Poznań are located on this terrace: Ostrów 
Tumski and Śródka (Fig. 14 A);

–– terrace II (meadow terrace, the altitude of 55–
57 m a.s.l., the relative height of 3–7 m above 

average water level), which is preserved in a 
small section south of the Bogdanka Stream 
valley; the left-bank medieval Poznań, trans-
located from Ostrów Tumski (location rights 
of 1253), developed in this area;

–– terrace III (bifurcation, braided terrace, the al-
titude of 58–59 m a.s.l., the relative height of 
8–9 m above average water level), which is 
fragmentary on the right bank of the Warta 
River, north of the main river valley;

–– terrace IV (erosion terrace dissected in glacial 
tills, the altitude of 60–64 m a.s.l., the relative 
height of 10–14 m above average water level); 
in the second half of the twentieth century new 
districts of the city (Rataje) were built there;

–– terrace VI (altitude of 67–70 m a.s.l.; relative 
height 17–20 m above average water level), is 
preserved in a small portion on the right bank 
in the southern part of the city;

–– terrace VII (high, outwash terrace, altitude 
of 71–73 m, relative height of 21–23 m above 
the average water Level (acc. to Bartkowski 
(1957): 19–20 m), whose width is about 1–2 
km; a drop of 7‰ on the left bank and 5‰ 
on the right; from the lower levels it was sep-
arated by sharp edges, but at the turn of the 
nineteenth and twentieth centuries the terrace 
was severely softened during the earthworks 
carried out during the expansion of the city; 
within it a part of downtown is built (e.g., the 
area between the Liberty Square and the Main 
Railway Station).
The sequence of the terrace levels does not 

have terrace V because of eroded by fluvial ero-
sion and of the supposed height above the bot-
tom of the valley about 15–16 m. Its traces were 
found only north of Poznań.

Numerous floods led to the destruction of 
higher terraces (Bartkowski 1957, Kaniecki 2013). 
The remains of these levels (e.g., terraces VI and 
VII), which are higher than the lower terrac-
es, were called “hills”, e.g., Gold Hill or Mons 
Capitula, which are no longer present (Kaniecki 
2013).

The original nature of the Warta River valley in 
Poznań has been strongly transformed by human 
activity (Kaniecki 2004) (Fig. 14). The distribu-
tion of early medieval settlement and the recon-
struction of the hydrographical network around 
Poznań proves that the environmental conditions 
of the Warta River valley were the factor that 
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Fig. 14. Proposed urban geosite of the Poznań section of the Warta River Valley.
A – Ostrów Tumski Island was defended during one of the highest flood in June 2010 thanks to the thicker anthro-

pogenic bulk sediments (Photo: Archive of GEOPOZ), B – current management of floodplain, regulated Warta River 
channel and view on Ostrów Tumski Island from west (visible towers of the Cathedral) (Photo: Zb. Zwolinski 2017).
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decided the location of the gord, from which the 
most important economic and cultural centre of 
the Wielkopolska region gradually developed.

Historical records of the floods in Poznań be-
gan in 1501. They show that the city was flooded 
several times. Between 1501 and 1979, 71 flood 
events were recorded, most of which occurred in 
the spring (Kaniecki 2004, amended). The greatest 
flood caused by high summer precipitation took 
place in 1736 when the water level exceeded 11 
m. At the beginning of the twentieth century, the 
Warta River regulatory works started between 
Chwaliszewo and Ostrów Tumski; they ended in 
1968–1972 (Kaniecki 2004). The Warta River lost 
its economic importance, it was channelised and 
gradually become a receiver of various types of 
sewage from the city. As a result, it became an 
isolated area. Attractive riverside areas lost his-
torical links with Poznań and therefore turned 
into a low natural and socio-economic values. 
The city turned away from its main river. It was 
not until the 1990s when the role of the natural 
environment was appreciated that the function 
and significance of surface waters for the city and 
its inhabitants was rediscovered.

New trends in urban planning tend to opti-
mise the use of environmental values, especially 
the water conditions. Poznań, part of the inland 
waterway of the Grand Loop of Wielkopolska, 
has particularly favourable conditions for expos-
ing aquatic environmental values. Opportunities 
for improvement of the current situation are the 
creation of water protection strategies in urban 
areas leading to the development of riverside ar-
eas and reconstruction of links between the river 
and the city (e.g., strategic programs “River in 
the city” and “For the Warta River”). The action 
plan “For the Warta River” program covers the 
following six flagship themes: connectivity (traf-
fic and pedestrian areas), river safety, living and 
working (residential areas and public space), 
tourism and recreation, historical heritage and 
landscape, and nature. Within the last themes, it 
is certainly worth to introduce the urban geosite 
in the Warta River valley2, combining geograph-

2	 Similar environmental conditions were the basis for 
the development of two other centres of early medi-
eval Europe, namely Paris on the Cite Island on the 
Seine, France, and Wrocław on the Ostrów Tumski Is-
land in the Odra Valley, Poland (Makohonienko, Kara 
2016).

ic and historical elements. Previous work to re-
store nature and history has already contributed 
to the protection of the unique riverside land-
scape (Fig. 14).

Assessment of urban geosites – results 
and discussion

Both existing and proposed geosites discussed 
in this article meet the criteria for visibility and 
invisibility proposed by Clivaz and Reynard 
(2017). Boulders, though visible today, are not in 
a landscape position in situ. As a result, they also 
have features of invisibility. Morasko Mountain 
and impact craters Morasko are in situ and vis-
ible, but their geological and geomorphological 
history, as well as sometimes cultural history, are 
invisible to tourists and inhabitants of Poznań 
today. One should strive to expose these ele-
ments of geosites, which can be easily visualised. 
Although the results of scientific research are 
trying to explain the idea of how the formation 
of a glaciotectonic push moraine and meteorite 
craters could have originated, not all evidence 
of the evolution of these forms is unequivocal or 
sufficiently documented. The same applies to the 
three newly proposed geosites. These geosites 
can be seen directly in the terrain, but their paleo-
geographical and historical significance remains 
in the realm of invisibility.

There are currently many methods for eval-
uating geosites, which differ in the choice of 
evaluation criteria, the use of different weights 
and scoring, and the way in which final grades 
are calculated, e.g. Alexandrowicz (1989), 
Bruschi and Cendrero (2005, 2009), Coratza 
and Giusti (2005), Pralong (2005), Pereira et al. 
(2007), Reynard et al. (2007, 2016), Knapik et al. 
(2009), Reynard (2009), Rybár (2010), Baca and 
Schuster (2011), Bruschi et al. (2011), Fassoulas et 
al. (2012), Kubaliková (2013), Reynard, Coratza 
(2013), Pica et al. (2014, 2016, 2017), Rocha et al. 
(2014), Brilha (2016), Kubaliková and Kirchner 
(2016). These methods have been reviewed by 
Kubaliková (2013), Štrba et al. (2014) and partly 
Migoń and Pijet-Migoń (2017). However, none 
of these authors indicate which of the methods 
they discuss should be recommended for eval-
uation of geosites. Kubaliková (2013) has identi-
fied the following groups of criteria for assessing 
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geosites: 1 – the scientific and intrinsic values 
(integrity, rarity; scientific knowledge; morphol-
ogy, genesis), 2 – the exemplarity and pedagog-
ical potential (exemplarity, clarity; educational 
facilities; use for education), 3 – accessibility and 
visibility of the site and the presence of tourist 
infrastructure (tourist services; local products; 
accessibility), 4 – the existing threats and risks, 
assessing conservation activities or the existing 
legislative protection of the site (conservation 
activities; risks and threats; current status), and 
5 – added values (cultural values; ecological val-
ue; aesthetic/landscape value). The author made 
a quantitative assessment of seven methods pre-
sented by Bruschi and Cendrero (2005), Coratza 
and Giusti (2005), Pralong (2005), Serrano and 
Gonzales-Trueba (2005), Pereira et al. (2007), 
Reynard et al. (2007) and Zouros (2007), and con-
cluded that the less relevant methods for assess-
ing geosites and geomorphosites for geotourism 
purposes are those described by Coratza and 
Giusti (2005) and Reynard et al. (2007), which 
use less than half the geosite evaluation crite-
ria outlined by this author. In turn, Kubaliková 
(2013) described the methods by Pralong (2005) 
and Pereira et al. (2007) as those best exploiting 
these assessment criteria.

Somewhat more cautious in evaluating the 
used methods are Štrba et al. (2014). They divide 
the methods into two groups: qualitative and 
quantitative, but do not indicate the best ones 
(Pereira et al. 2007, Reynard et al. 2007, Rybár 
2010, Baca and Schuster 2011, Bruschi et al. 2011, 
Fassoulas et al. 2012). They do, however, define 
the criteria, which should be taken into account 
in the assessment of geosites. According to these 
authors, these should be: 1 – rarity (uniqueness), 
2 – representatives (complete and expressive 
manifestation of a geo(morpho)logical phenom-
enon), 3 – integrity (current state of the site), 4 
– accessibility (limitation or special permissions), 
5 – ecological value (presence of ecotypes and 
level of the site protection), and 6 – economic val-
ue (sustainable development of (geo)tourism). In 
the selection of these criteria, the authors were 
primarily directed by the uniformity and univer-
sality of the method that reduces the subjectivity 
of the evaluator. Probably this approach to choos-
ing the criteria is more appropriate than the right 
choice from among the various methods used.

Migoń and Pijet-Migoń (2017) note that 
the methods they are discussing (Bruschi and 
Cendrero 2005, 2009; Pereira et al. 2007; Reynard 
2009; Brilha 2016; Kubaliková and Kirchner 2016; 
Reynard et al. 2016), concentrate mainly on 1 – 
the scientific value of a site, 2 – its educational 
potential, and 3 – accessibility, and refer to geo-
logical and geomorphological features. These au-
thors develop the concept of the geosites assess-
ment concerning viewpoints, paying attention to 
the role of geodiversity in the context of Ollier’s 
(2012) opinion. As a result, a single form of low 
geodiversity may have a higher rating than a di-
verse landscape without morphological or geo-
logical individuality. Undoubtedly, this situation 
can be met by the existing geosites of Poznań de-
picting erratic boulders. On the other hand, for 
the majority of geosites, Migoń and Pijet-Migoń 
(2017) attach importance to observation points 
which show the panoramic scenery of a given 
place/landscape.

By analysing the views presented by 
Kubaliková (2013), Štrba et al. (2014) and Migoń 
and Pijet-Migoń (2017), it is hard to find the best 
evaluation method of geosites. Considering the 
objectives of this article, the methods developed 
by Pica et al. (2014, 2017) need thinking, because 
they concern urban geosites. To test the objectiv-
ity of the methods used, the results of their eval-
uations were compared with one of the existing 
geosite assessment methods analysed by these 
authors. Selection is difficult as mentioned, but 
assuming that the simplest possible methods 
are usually most reliable (similar to the idea of 
geoindicators and bioindicators), the choice of 
reference method for comparison with the one of 
Pica and co-authors seems to indicate the meth-
od developed by Reynard et al. (2007), which 
earned only seven points in Kubaliková’s clas-
sification (2013). Simplicity, compactness and 
relatively quick evaluation allow this method to 
be ranked as a reference. The method of Reynard 
et al. (2007) has two parts of assessment: quali-
tative and quantitative. The quantitative section 
includes: 
1.	 scientific value (integrity, representativeness, 

rareness, paleogeographical value),
2.	 additional values:

a.	 ecological value: ecological impact and 
protected site,
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b.	 aesthetic value: view points and contrasts, 
vertical development and space structura-
tion,

c.	 cultural value: religious importance, his-
torical significance, artistic and literature 
importance, geo-historical importance, and

d.	 economic value: economic products.

Each criterion is evaluated on a scale from 0 
to 1, with 0 being no value and 1 being the maxi-
mum value of the standard.

For urban areas, methodological suggestions 
by Pica et al. (2014, 2017) seem to exhaust a set 
of issues for such places. The article by Pica et al. 
(2014) discusses an interesting approach to geo-
morphological geosites in the urban context. This 
method combines geomorphological and histor-
ical views with geotourism. The authors delimit 
five criteria:
•	 Representativeness (RP) – shows the relation-

ship between the geological phenomena rep-
resented in the geosite and the ideal model of 
the same geological phenomenon in nature, 
and also defines peculiarity of the phenomena 
and its various facets;

•	 Rarity (RR) – is the relationship between the 
frequency of the geological phenomenon and 
the geographical condition of the phenome-
non;

•	 Scenic-aesthetic value (SCE) – quantifies the 
attractiveness of the geosite from a specialist 
and non-specialist point of view, and is an at-
tribute of the fast perception of individuality 
of the area, but at the same time it is hard to 
quantify because of its strong connection to 
emotions;

•	 Storical-Archeological-Cultural value (SAC) 
is a function of the geosite relationship with 
local history and culture;

•	 Accessibility (AC) – depends on the difficul-
ty of reaching the geosite and the presence of 
nearby services.

Based on these criteria, the Value of a site for 
Geotourism index (VSG index, Pica et al. 2014) is 
calculated: 

	 VSG = RP + RR + SCE + SAC + AC.

The second method by Pica et al. (2017) refers 
to urban geomorphic heritage assessment meth-
od, which considers the following criteria:
•	 Representativeness (RP) – including geo-sci-

entific value (the site is a landform represent-
ative of anthropogenic and morphogenetic 
process); landscape evolution (the site is a 
landform representative of anthropogenic 
and morphogenetic process); city image (the 
site is a landform representative of anthropo-
genic and morphogenetic process),

•	 Visibility (V) – the landform is recognisable in 
the landscape,

•	 Geohistorical reconstruction significance 
(GeoHIS) – the site is documented and repre-
sented in historical records (early maps, paint-
ings, archaeological maps, etc.) that highlight 
the human impact on landscape transforma-
tions), 

•	 Aesthetic peculiarity of the urbanised context 
(AP) – the shape of the landform is visually 
disconnected from the context and attract the 
attention and curiosity of observatory,

•	 Touristic attractiveness rate (TAR) – the site is 
a tourist attraction, much visited by people for 
its features and information about geo-aspects 
undoubtedly increase its interest.

Similarly, the Value of a site for Geotourism in-
dex is now calculated according to the following:

	 VSGh = RP + V + GeoHIS + AP + TAR.

Pica et al. (2017) in their article  do not make 
any suggestion to the number of points as-
signed to each of the characteristics in question. 
Consequently, the same scores were used as in 
the article of   Pica et al. (2014), ie on a scale of 
1–5. It means that the VSG and VSGh indexes can 
take values between 5 and 25. Pica et al. (2014) 
assign these indexes three classes which range as 
follows:
1.	 from 1 to 8 – low value,
2.	 from 9 to 16 – medium value, and
3.	 from 17 to 25 – high value of the geosite.

It is roughly the division of points into three 
equal classes. This type of group is not eligible in 
this case, since the vast majority of geosites are of 
the “high” or “medium” level, while few geosites 
are in the “low” class. Hence, it is necessary to 
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extend the lowest class. The authors of this paper 
propose the following breakdown:
1.	 low class – from 5 to 15,
2.	 medium class – from 16 to 20, and
3.	 high class – from 21 to 25.

It is worth noting that the calculated VSG in-
dex may take values from 5 upwards. It means 
that they will never take values from 0 to 4, since 
each criterion may have the lowest value of 1 and 
therefore never reach 0. In the light of the calcu-
lated Tabular Accuracy Indexes (TAI, acc. Jenks, 
Caspall 1971) the proposed division into classes is 
more efficient than this given by Pica et al. (2014) 
(Table 1). The best fit of the class ranges is close 
to 1 (Jenks, Caspall 1971). The proposed range of 
classes for the three geosite assessment methods 
analysed shows that the TAI values range from 
0.75–0.87 and are on average 0.21 higher than for 
the Pica’s class ranges.

The results of evaluation of existing and pro-
posed urban geosites in Poznań calculated by 
three methods according to Reynard et al. (2007), 
Pica et al. (2014) and Pica et al. (2017) are listed 
in Table 2. Comparison of the two methods by 
Pica and co-authors’ and the reference method by 

Reynard et al. (2007) shows that all the methods 
keep more or less the same trend of geosite rat-
ing, i.e., they take relatively similar values for a 
single geosite (Fig. 15). An example of such geo-
site is the Warta River valley. In turn, the biggest 
differences in evaluations should be noted for the 
three geosites created by lapidaries. Total geosite 
ratings vary for all methods in the same range, 
i.e., 13, 12 and 14 points. Existing urban geosites 

Table 2. Comparison of assessments for existing and proposed urban geosites in Poznań obtained from three 
methods by different authors.

Geosites

Final values
Referenced method
Reynard et al. (2007)

VSG index
Pica et al. (2014)

VSGh index
Pica et al. (2017)

Scores
Existing geosites

Lapidarium/Botanical Garden (0.57*) 14** 13   9
Lapidarium/Millenium Park (0.38) 10 12   8

Lapidarium/Institute of Geology (0.51) 13 15 10
Morasko Hill (0.72) 18 19 18

Impact Crater Morasko (0.91) 23 23 21
Proposed geosites

Genius Loci (0.84) 21 24 21
Żurawiniec peat bog (0.76) 19 19 16
Warta River Valley (0.87) 22 22 22

* the original values according to Reynard et al. (2007) are in parentheses; ** values converted against the maximum 
scale according to Pica et al. (2014), i.e. 25.

Table 1. Effectiveness of class spanning in urban geosites assessment on the basis of the Tabular Accuracy 
Index (TAI) according to formula by Jenks and Caspall (1971).

Intervals

Assessment of existing and proposed urban geosites in Poznań according
Reynard et al. (2007) Pica et al. (2014) Pica et al. (2017)

Number
of used classes TAI Number

of used classes TAI Number
of used classes TAI

1–8, 9–16, 17–25 (Pica et al. 2014) 2 0.58 2 0.57 3 0.66
5–15, 16–20, 21–25 (this paper) 3 0.75 3 0.82 3 0.87

Fig. 15. Comparison of assessments for existing (A) 
and proposed (B) urban geosites in Poznań obtained 

from three methods by different authors.
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(an average of 15 according to three methods) 
were rated on average six points lower than the 
proposed ones (an average of 21 points by three 
methods). Such a significant difference in favour 
of the proposed urban geosites corroborates with 
the prevailing opinion on the need for a rapid le-
gal change of the status of these geosites.

The VSG index values are, on average, 0.88 
(–3 to 1) below the reference values, while the 
VSGh index values are, on average, 1.88 (from 
0 to 5) higher than the reference values (Fig. 15). 
This means that the method proposed by Pica 
et al. (2017) is actually more focused on urban 
geosites.

Concluding remarks

Considering the geomorphological and hy-
drographical conditions, the northern part of 
Poznań is the most varied regarding the land-
scape. Its important feature is the glaciotecton-
ically pushed moraine of the Poznań Phase of 
the Weichselian Glaciation, and the lake waters 
filling the meteorite craters and subglacial chan-
nels. Two urban geosites are located in this area, 
namely Morasko Hill and, within its borders, 
impact craters. However, at present, these are-
as are subject to settlement pressure, as it is one 
of the main directions of housing investment in 
Poznań. With the glacial past of the landscape of 
Poznań and its environs, there are three other ur-
ban geosites in the form of lapidariaes. They are 
a particular type of moveable geosites.

The biodiversity of Wielkopolska’s landscape 
was conducive to the location of Poznań and 
influenced its further development. The Warta 
River valley and its tributaries were the settle-
ment drive, as they form a particular hydrograph-
ic node connecting the areas lying on the river or 
directly at the bottom of the Warta River valley. 
These areas were the earliest inhabited and in-
tensively transformed, so the natural character of 
the valley as a concave form with the terrace sys-
tem has been modified by levelling and raising 
the terraces, where the largest thicknesses of the 
anthropogenic layers are observed today. Poznań 
was born in the Warta River valley and today, af-
ter many years of turning away from the river, it 
is turning towards it by proposing the creation 
of an urban geosite in the very river valley. The 

second proposed urban geosite, namely Genius 
Loci, is located on one of the islands in the bottom 
of the Warta River valley. The large spatial hy-
drographic node in Poznań is full of natural and 
artificial reservoirs and wetlands. One such wet-
land filled with peat, Żurawiniec, is proposed for 
the third urban geosite within Poznań.

The most valuable urban geosites in Poznań 
are the existing impact crater Morasko and the 
proposed Genius Loci. They can be classified as 
the highest rated urban geosites, with a total of 
over 20 scores. These geosites show unique nat-
ural and historical values, and – from the geo-
diversity standpoint – represent a natural and 
anthropogenic form of terrain, respectively. The 
undoubted strengths of these geosites are repre-
sentativeness, rarity as well as good management 
(especially Genius Loci) and relatively easy access 
for the residents and tourists. Indeed, these geo-
sites should be given a European rank. The third 
extremely valuable urban geosite will be the pro-
posed Warta River valley, with which the inhab-
itants of Poznań try to identify again after a few 
decades of the break, appreciating the place of 
birth of the city and subsequent expansion into 
neighbouring areas of moraine plateaus with the 
valley, first to the west and then east.

In addition to the existing and proposed urban 
geosites in Poznań, there are many other forms of 
terrain created by human activity. Such anthro-
pogenic forms, which should evoke interest in the 
near future, include the 22 military forts, mainly 
from the second half of the nineteenth century. 
Together with the enormous Citadel, they con-
stitute the-then most modern Prussian fortress, 
an example of military architecture with ground 
reworks. The other form worth paying attention 
to in the future, are 40 disused pits, turned into 
artificial water bodies and associated aquatic eco-
systems. They are connected with the excavation 
of till on flat moraine plateau at the beginning of 
the twentieth century, and are known in the local 
dialect as shafts (szachty in Polish) (now ecologi-
cal utility). 
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