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Geoheritage and Geotourism Potential  
of the Strzelin Hills (Sudetic Foreland, SW Poland)

Introduction
The Strzelin Hills is a microregion in south west-
ern Poland, precisely within the Niemcza-Strze-
lin Hills, in the eastern part of the Sudetic Fore-
land (Figure 1 A). There is a considerable diversity 
of geological structure and relief of terrain, as well 
as the geomorphological transformation or chang-
es in the landscape connected with settlement and 
agro-industrial economy. Geoheritage of the Str-
zelin Hills makes up an enormous variety of nat-
ural or semi-natural objects and technical monu-
ments located in a relatively small area (192.5 km2). 
The grounds for selection of geosites and geomor-
phosites, which are valuable in the local, regional or 
national scale, are identification, inventory and sci-
entific documentation of identified objects. They 
are also important for assessment of geodiversity in 
the area. Additional evaluation of geosites and geo-
morphosites, in view of accessibility to geotourism 
and potential visitors interest (research in progress) 
is necessary, in order to recognize their actual value 
for geotourism. It creates also opportunities for the 

protection of geological and geomorphological her-
itage as a value by its own right.

The most useful forms of inaminate nature pro-
tection in Poland are natural monuments, docu-
mentary sites of abiotic nature and nature-land-
scape complex (Dz.U.09.151.1220). In addition an 
inventories and documentations of geosites on 
the international and national level are carried 
out (http://www.iop.krakow.pl/geosites/default.
asp, Słomka, et al., 2006). In parallel, there are be-
ing prepared also many publications about geolog-
ical and geomorphological heritage in various sci-
entific centers in Poland (Badura, et al., 2003; Welz, 
2005; Knapik, et al., 2007; Radwanek-Bąk, 2009; 
Alexandrowicz, et al., 2010).

The aim of the paper is valorisation of geologi-
cal and geomorphological heritage within the Str-
zelin Hills and presentation a state of knowledge 
about geotourism potential of them. The research 
of the Strzelin Hills geoheritage is purposed to 
preserve state and to raise the scientific awareness 
and educational value of them. 
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Methods 
Initially a variety of cartographic materials were 
used: German topographic maps (Messtischb-
latt) published in the 1930’s in the scale 1:25,000, 
Polish topographic maps made in the 1970’s and 
1980’s in the scale 1:10,000, sheets of Detailed Ge-
ological Maps of Sudetes in the scale 1:25,000 and 
aerial photographs in the scale 1:26,000. On this 
background there were selected sites or site-sets, 
which could be valuable for geologic or geomor-
phologic science. Inventoried objects were verified 
and mapped in the fieldwork, which was conduct-
ed in 2007-2010. 

Selected objects of geoheritage were being ex-
amined as potential site or site-sets for geotour-
ism. Objects were assessed in a based on systems 
applied during inventory and valorization of geo-
sites from Karkonosze National Park and its coat-

ing (Knapik, et al., 2009). Objects were evaluated 
from four main viewpoints of their significance 
for scientific research, education, accessibility for 
geotourism and state of preservation. Typological 
classification of site contains following domains: 
geochemistry, geomorphology, pedology, history, 
hydrogeology, cosmogeology, mineralogy, palaeo-
geography, palaeontology, petrography, sedimen-
tology, stratigraphy, structural tectonic, science of 
mineral deposits.

The fixed criteria allows to make a statement 
of every object significance for scientific research 
and study of their geotouristic and educational 
functions. The next step is to determine the im-
portance of individual objects. Each criterion has 
five features. They are diversified for the sake of 
quality and quantity and have appropriate points 
weight (Table 1). Values of points are divided into 

Figure 1. Study area. Explanations: A - location of study area; B - geological sketch of surroundings of the Strzelin Hills 
(according to Żelaźniewicz, 2005; C - the geomorphology of the Strzelin Hills. Relief developed on solid rocks: 1- summits, 2- 
planation surfaces, 3- ridges (main and second rate ), 4- slopes; Fluvial morphology: 5- valleys, 6- dry valleys, 7- upper parts of 
valleys (V-shaped or gullies); Relief developed on loose rocks (glacial, fluvioglacial, aeolian): 8- a. hilly plateau, b. glacial plains
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two groups: from 1 to 5 (stroke 1) for the degree of 
availability and state of preservation and from 2 to 
10 (stroke 2) for the scientific and educational sig-
nificance. Differentiation of points weight made 
results of valorization more reliable for the sake of 
rank of geosites. Accessibility for geotourism and 
state of preservation individual sites concern the 
physical characteristic of each object. Two others 
criteria – scientific worth and education signifi-
cance - decide on actual features of geosite and ge-
omorphosite. Therefore, this way of assessment of 
objects for geotourism is crucial to identify sites 
as geosites and geomorphosites.

There are many systems of assessment, but this 
one seems to be fair and objective. It takes into 
consideration every necessary criterion, allowing 
to evaluate the real significance of the object as a 
geotouristic attraction of the region. 

Study area

Geological structure and relief  
of the Strzelin Hills 
The Strzelin crystalline massif is composed of 
heterogenous gneiss nucleus (Figure 1 B), which 
were split by fault in the direction NW-SE 
(Żelaźniewicz, 2005). They are covered by quartz-
ites and quartzite schists, mica schists, marbles 
and amphibolites. Metamorphic rocks are intrud-
ed by granitoids dated from the Carboniferous pe-

riod. The traces of Cenozoic volcanism are situat-
ed in the middle of Strzelin Hills. On the surface 
partially lie degraded clay and fluvioglacial cov-
ers formed in Pleistocene. Dust deposits are rep-
resented by loess developed during the last inter-
glacial-glacial cycle. 

Geology of the Strzelin Hills is representative 
of the Sudetic Foreland. Crystalline rocks char-
acteristic of Foresudetic Block occur in this small 
area. Most of them have been exploited. On the 
loess covers fertile soils were formed. It contribut-
ed to agriculture development and affected relief 
transformations. 

Relief of the Strzelin Hills exhibits features of 
upland morphology (Figure 1 C). Their wide and 
flattened ridges unfurl at an altitude of 200-300 
m above sea level were cut by deep valleys. The 
highest peak is Gromnik (392.6 m above sea lev-
el). In source craters dry valleys or gullies were of-
ten formed. Strzelin Hills are drained by left-bank 
tributaries of the Krynka river and right-bank 
tributaries of the Oława river. 

Outline of the settlement 
First traces of settlement were dated from the Ne-
olithic Period (Żerelik, 2002) It was around 5,5 
thousands years BP (Teisseyre, 1994). The area of 
forested land has decreased significantly in favour 
of agricultural crops in the thirteenth-fifteenth 
centuries (Goliński, 2007). Industry was developed 
from the fourteenth century based on an availa-

Table 1. Criteria of assessment for inventoried geosites and geomorphosites (according to Knapik, et al., 2009, modified)

Criterion Traits Points

Accessibility 

Site clearly visible, located directly on the touristic trail or nature’s path 5

Site clearly visible, located on the road or path 4

Site barely visible, located more than 250 m away from the path or road 3

Site difficult to access for tourist (ex. significantly overgrown or difficult to access) 2

Site unavailable for tourists 1

State of preservation

Well preserved site with no visible signs of degradation 5

Site in slight violation of its structure 4

Partially destroyed 3

Site heavily modified by human 2

Site destroyed - loss character of geosites 1

Scientific worth

Very high: one site in the region, unique in a wider scale 10

High: very important for regional studies 8

Average: significant for regional research 6

Low: common site with average values 4

Very low: no particular distinctive features 2

Education significance

Very high: number of represented issues: 5 and more 10

High: number of represented issues: 4 8

Average: number of represented issues: 3 6

Low: number of represented issues: 2 4

Very low: number of represented issues: 1 2
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ble rock resources. In the second half of the eight-
eenth century an abundance of ponds (around 112) 
were created (Biały, et al., 1974; Strauss, 1981). The 
main phase of development of the network of set-
tlements occurred at the turn of the nineteenth 
and twentieth century.

Geosites and geomorphosites  
of the Strzelin Hills

Effects of valorization 
During the field research of inventoried objects 
of geoheritage, from 38 sites -17 were selected 
and valorized (Table 2). Examined objects rep-
resented 10 from the 15 thematic groups. There 
are following scientific domains: geomorphology, 
pedology, history, hydrogeology, mineralogy, pal-
aeogeography, petrology, sedimentology, struc-
ture geology and mineral deposits. In connec-
tion with them, very diverse geomorphological 
problems in the field of structural geomorpholo-
gy (tors, inselbergs), fluvial geomorphology (small 
canyons), geomorphological processes (variety of 
gullies, dry valleys, mass movement in quarries or 
pits) prevail. Geological topics are also common, 
mainly geological structure (petrography, miner-
alogy). Presence of the historical issues is linked 

with an interesting, economic past of the Strze-
lin Hills.

Very high scientific worth as “one in the region 
and unique in a wider scale” was received by the 
quarry of quartzite and quartz schist in Jegłowa. 
There were five objects considered of high scien-
tific value because of their importance for region-
al studies. Most of the assessed sites were clearly 
visible and in a good state of preservation.

The results of valorization proved a signifi-
cant geotouristic potential of the Strzelin Hills. 
During the assessment four geomorphosites and 
two geosite were selected as objects that have the 
greatest value for geotourism. Every site has high 
or very high scientific value. Two of six objects of 
geoheritage are clearly visible and are located di-
rectly on the touristic trail. Also, two others are 
very well preserved with no visible signs of deg-
radation.

There are diverse, natural objects in most of 
them, that can be a study of the geological struc-
ture of the Strzelin Hills and the development of 
their morphology. One object was man-made in 
connection with mining activities. It is well pre-
served, so allows to look into the interior of the 
Earth, and also makes possible to observe the nat-
ural geomorphological processes within slopes 
and rocky walls formed by man. 

Table 2. Valorization of geoheritage’s objects within the Strzelin Hills

№ Object of geoheritage
Criteria

Access. State of 
preserve.

Scientific 
worth

Education 
significance

Summarized 
value

1 Quarry of quartzite and quartz schist in Jegłowa 4 5 10 10 29

2 Tors in the Gromnik massif 5 5 8 10 28

3 Garnczarek – periglacial morphology 5 4 8 8 25

4
Zuzanka valley – small epigenetic canyon and rock 
outcrops 

5 4 6 10 25

5 Gromnik – inselberg and peak changed by settlement 5 5 6 8 24

6 Pogródki valley– fluvial forms with gully features 2 4 8 10 24

7 Goethe’s tors 3 4 6 10 23

8 Oxbow lakes and palaeochannels in Krynka valley 3 3 6 10 22

9
Residues of fluvial transformation in the Oława 
valley in Henryków connected with the Cistercian 
management 

5 4 6 6 21

10 Gullies of Diabelska Kręgielnia 2 5 6 6 19

11
Old dams in the Jegłówka Valley - relics of the 
nineteenth century fish ponds

5 3 4 6 18

12
Residues of weirs in the Oława valley near Henryków 
connected with the Cistercian management

3 3 8 4 18

13 Witostowice - remains of early medieval fortress 3 1 10 4 18

14 Sand pit Żeleźnik 3 3 6 8 17

15 Relics of Rankenmühle - mill in Oława valley 4 3 4 6 17

16 Valley of Six Ponds – slope modeling by overland flow 4 2 4 4 14

17 Relics of mills in Krynka valley 2 2 2 4 10
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There were enumerated and briefly described 
in order, in which they obtain the highest, total 
count of points.

Quarry of quartzite and quartz schist in Jegłowa
The quarry near Jegłowa is one of the few plac-
es in Poland where there are such large amounts 
of mountain crystals. There are specimens from 5 
to 10 cm long. The exploitation began in the sev-
enteenth century with miners working in tunnels 
(Strauss, 1981, Staffa, et al. 2008). Since the half of 
19th century they have begun an open pit exploi-
tation of quartzite and quartz schist.

The quarry is about 0.4 km2 in area. The west-
ern part of the pit, which is closed, has a depth 
of 33 m, a width up to 130 m and is about 450 m 
length. Access to the western part from the north 
and east is limited by almost vertical walls which 
reach directly to a reservoir of water (Figure 2). In 
the quarry there are also rocky walls accessible for 
tourism (Figure 3). Slag heaps were piled up on the 
rocky shelves (up to 30 m in height). It is possible 
that boulders can move on steeper slopes.

Tors in the Gromnik massif
There are several tors formed in denudation way. 
They preserve in form of two sets of tors on ridg-
es on both sides of a small valley. Tors were build 
from a slate (Żelaźniewicz, 2005). These kind of 
rock was formed during metamorphism of ma-
rine sediments of Devonian age (about 400 million 
years ago) (Szuszkiewicz, et al., 2007). On the sur-
face of tors there are visible traces of folds (Figure 4 
A), which were formed during the collision of East 
and Central Sudetes (Żelaźniewicz, 2005). The slate 
has high concentration of iron (Figure 4 B). 

Probably because of that, there are more light-
ning strikes in the Gromnik massif, than in oth-
er area of the Strzelin Hills (Szuszkiewicz, et al., 
2007).

Zuzanka valley –  
small epigenetic canyon and rock outcrops
The epigenetic gorge of Zuzanka river is found in 
Skalice near Henryków. It began to develop after 
the regression of the saalian ice sheet. In the bot-
tom of the valley was formed a channel, which has 
a width up to 1.5 m and cuts its own alluvial de-
posits.

There are also remnants of old river channels. 
They preserve in the form of a cut off, dry mean-
ders. Tors located on the slopes show the Holo-
cene weathering profiles and the effects of mass 
movements (Figure 5). Below the gorge can be spot 
an alluvial fan, which is not clearly visible.

In morphology of this valley there were record-
ed traces of an human exploitation of raw materi-
als. Approximately 50 m above the breakthrough 

Figure 2. Morphology of bluff in western, unmined part of Jeglowa 
querry – northern bluff as a cliff-like form (Photo by A. Solarska)

Figure 4. Tors on NW slopes of Borowa 335,5 m a.s.l. (Photo by A. 
Solarska). Explanations: A – traces of former folding, C – effects of 
precipitation of iron and titanium

Figure 3. Outcrops of quartzites and quartzite schists within 
southern bluff in umined part of Jeglowa querry – a fold structure 
built by rocks of different strength to weathering (Photo by A. 
Solarska)
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this valley was divided by dam, which is about 8 
m high. There were located in a fish pond in the 
past (Figure 6).

Pogródki valley– 
fluvial forms with gully features
It is a river valley, which was evolved probably as a 
gully in the early Holocene. Erosion of a bedrock 
channel led to the intersection of water-bearing 
strata and in the gully appeared a steady flow. The 
valley retains currently features of a typical gul-
ly. Its lateral branches have character of classical 
loess gullies (Figure 7).

Goethe’s tors
A former, small quarry of so-called date-quartz-
ite (Szuszkiewicz, et al., 2007). These rocks are 
marked by elongated mineral grains looking like 
a date fruit. Apparently they were admired by Jo-
hann Wolfgang von Goethe during his travel to 
the Lower Silesia (Maliszewski 1993, Szuszkie-
wicz et al. 2007). Initially it was an opencast mine, 
but there are also remains of tunnels (Figure 8). 

Figure 5. Results of human-made activity in the Zuzanka gorge – fragment of rock moved during exploitation  
(Photo by A. Solarska)

Figure 6. Selected morphological forms in the bottom of the 
Zuzanka gorge – former dyke, built by Cistersians, situated in the 
valley above the gorge (Photo by A. Solarska)

Figure 7. The upper part of one of a branch in gully 
system in Pogródka valley – effects of piping, 
developing along roots (in the background of the 
picture) (Photo by A. Solarska)
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Mountain crystals occurs there in both shapes: 
single and crystalline-brush.

Oxbow lakes and palaeochannels 
in Krynka valley
There are fluvial forms representing a transfor-
mation of a channel system in the Holocene. They 
were preserved within a bottom of the valley at 1.7 
km section. Several generations of the cut off river 
bends (Figure 9) retains on both sides of the chan-
nel. Oxbow lakes are situated closest to the cur-
rently channel of Krynka river (Figure 9). They are 
the youngest and filled by water. Older cut off riv-
er bends were almost completely filled by miner-
al and organic sediments and they were called pal-
aeochannels (Figure 9, 10). There are remains of a 
natural channel of Krynka river.

Conclusions
The Strzelin Hills are potentially attractive for 
geotourism. Geotouristic values is represented 
by features of the inanimate environment of the 
Sudetic Foreland and also some of characteris-
tic fragments of the Sudetes. The presented geo-
heritage objects were selected by established val-
orization as geosites and geomorphosites, which 
have the greatest value for geotourism. They 
prove also the high scientific significance of the 

Figure 10. One of the palaeochannel in Krynka valley, partially filled by meltwater (Photo by A. Solarska)

Figure 8. Goethe’s tors - the former querry of 
quartzites near to Jeglowa (Photo by A. Solarska)

Figure 9. Geomorphological sketch of Krynka valley 
between Kaszówka and Karszówek.  
Explanations: 1 – area outside of valley, 2 – bottom 
of valley, 3 – channel of the river, 4 – erosional 
escarpments, 5 – oxbows, 6 – palaeochannels, 7 
– dikes, 8 – roads embankments, 9 – bridges, 10 – 
anthropogenic thresholds in channels
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Strzelin Hills for geology, geomorphology and 
others domains. Additionally good accessibility 
the most of examined sites and site-sets is an im-
portant advantage for development of geotour-
ism in the Strzelin Hills. However, there is still 
no geotouristic infrastructure in the Strzelin 
Hills to make available all their advantages for 
educational purposes. 

In conclusion the main geotouristic values are 
as follow:
1.	 Enormous diversity of geological structure and 

relief in relatively small area.
2.	 Many closed quarries, clay, sand and gravel pits, 

which expose history of environmental chang-
es and show modern geomorpholological pro-
cesses.

3.	 Fluvial forms as a result of environmental 
changes in Holocene.

4.	 Spectacular human impacts. 
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