
1. Introduction

The sedimentary tableland of the Stołowe Moun-
tains in south-west Poland (Fig. 1) is widely known 
for its strangely shaped sandstone rock formations 
and can be considered a cradle of geotourism in the 
Sudetes range, of which it forms a part. The latter 
distinction is due to a visit by the famous German 
naturalist and writer, Johann Wolfgang Goethe, 
in 1790. Goethe was clearly motivated to see the 
newly discovered ruiniform relief (rock city) on 
the highest elevation of the tableland, the mesa of 

Szczeliniec Wielki (Migoń, 2016). In the follow-
ing century, Mt. Szczeliniec Wielki strengthened 
its reputation as a prime tourist destination in the 
region; it has retained this role to the present day 
(Rogowski, 2020). A few other localities have also 
been developed to accommodate an ever-growing 
number of visitors, including the rock labyrinth of 
Błędne Skały (translatable as Errant Rocks) and, 
more recently, the group of picturesque pedestal 
rocks (hoodoos) known as Skalne Grzyby (translat-
able as Rock Mushrooms). All three localities un-
doubtedly rank among the most scenic and most 
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Among sites of geomorphological interest in the tableland of the Stołowe Mountains, consisting of clastic sedimentary 
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impressive groups of rock-supported landforms, 
with a huge geoeducational potential, although it 
seems that, being subject to mass tourism, they are 
appreciated mainly for the scenery. On-site inter-
pretative facilities are so far limited to the Skalne 
Grzyby area (Migoń & Duszyński, 2020), but a geo-
touristic guidebook (Duszyński et al., 2015) fills a 
niche and offers information about the other two 
places. However, even when considered collec-
tively, these three sites do not provide a complete 
picture of longer-term landform evolution in sed-
imentary tablelands. Many more localities in the 
Stołowe Mountains can be considered as potential 
geosites, i.e., places important for our comprehen-
sion of Earth history (Reynard, 2004). They tell sto-
ries related to both the sedimentary history of the 
Cretaceous Period, recorded in rocks (Wojewoda, 
2011), and subsequent evolution of landforms, in-
cluding major (escarpments, tabular hills, rock cit-
ies), medium-sized (pedestal rocks, crags, boulder 
fields) and minor features (tafoni, weathering pits, 
sandy cones) (Duszyński et al., 2015). In the present 
paper, we focus on two apparently overlooked geo-
sites, which both feature residual sandstone boul-
ders scattered over plateau surfaces. Some aspects 
of their geomorphology were discussed in previ-
ous literature items (Migoń, 2010, 2012; Parzóch 
& Migoń, 2015), but not within the context of geo-
heritage and geotourism. Moreover, the inventory 

of boulders at the key locality of Łężyckie Skałki 
proved to be incomplete. The aims of the present 
contribution are thus to provide a comprehensive 
characteristic of these boulder clusters, to advance 
hypotheses of their origin, and to discuss their po-
tential for geoscientific storytelling. For the purpose 
of this paper, boulders are here understood as sep-
arate rock compartments, not rooted in bedrock, 
whose minimum length (according to Wentworth’s 
classification) is 256 mm (e.g., Boggs, 2009). In fact, 
boulders described here are more than 1 m long, 
with some exceeding 4 m (the lower limit of “mega-
clasts” according to Blair & McPherson, 1999 and 
Ruban et al., 2019), but given that their origin did 
not involve transport, further subdivision accord-
ing to dimensions is not attempted here.

2. Study area – geomorphology and 
geology

The Stołowe Mountains tableland is a unique land-
scape type within the Sudetes range. It represents a 
multi-storey plateau, with several morphostructur-
al levels separated by steep escarpments supported 
by more resistant sandstone beds (Pulinowa, 1989; 
Kasprzak & Migoń, 2015; Migoń & Duszyński, 
2018). The upper plateau survived as erosional 

Fig. 1. Location of boulder clusters in the Stołowe Mountains tableland. 1 – Łężyckie Skałki (see Fig. 3); 2 – Pustelnik 
(see Fig. 7). The map is derived from a high-resolution (1 m × 1 m) digital relief model, available at www.geoportal.
gov.pl.
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remnants of various dimensions, rising to more 
than 900 m a.s.l. (Mt. Szczeliniec Wielki, Mt. Skalni-
ak) above the more extensive main plateau which 
slopes eastwards and therefore covers a broad al-
titude range, from c. 600 m to 790 m a.s.l. (Fig. 1). 
Both planar tracts of relief are abruptly truncated 
by morphologically complex escarpment slopes, 
consisting of rocky cliffs in the uppermost section 
giving way to boulder-mantled middle slopes and 
generally concave lower slopes, which may still 
contain large boulders derived from the cliffs far 
above (Dumanowski, 1961b; Duszyński & Migoń, 
2015; Migoń & Duszyński, 2018). The geomorphic 
history of the escarpments, including the origin of 
boulders, has long been considered to illustrate 
the principles of escarpment retreat through rock 
fall from the caprock level (Dumanowski, 1961b; 
Pulinowa, 1989); this has been revisited recently. 
It is now argued that rock falls with long runout 
distances actually played a negligible role in the 
evolution of the escarpments and that the bulk of 
the boulder mantle is due to in-situ disintegration 
of cliff lines driven by subsurface erosion, sand 
removal, and consequent loss of support to the 
overlying sandstone blocks (Duszyński & Migoń, 
2015; Duszyński et al., 2016; Migoń, 2021). Below 
the main plateau, lower morphological levels are 
distinguished (Rogaliński & Słowiok, 1958; Pulino-
wa, 1989), but cliffed escarpments are no longer 
present.

The topography of the Stołowe Mountains is 
very much adjusted to the underlying geology and 
the area is considered to be an excellent example of 
structural relief, offering an opportunity to examine 
how lithology and structure underpin landforms 
and geomorphic processes (Pulinowa, 1989; Migoń 
& Duszyński, 2018). Except for the lower slopes 
of the northern escarpment, which truncate clas-
tic beds of Early Permian age, the remaining area 
is entirely within the Upper Cretaceous succession 
that spans the interval from the late Cenomanian to 
the late Turonian, possibly early Coniacian, hence 
c. 6 myr (Wojewoda, 1997). This succession is of 
shallow-marine origin, c. 300 m thick, and contains 
alternating beds of sandstones and finer-grained 
sediments. In the vertical profile three main sand-
stone horizons occur: glauconitic sandstone and 
conglomerates at the base of the succession (c. 15 m 
thick), medium- to coarse-grained arkosic sand-
stones in the middle (‘middle jointed sandstone’, 
c. 80 m thick) and quartz sandstones capping the 
sequence (‘upper jointed sandstone’, c. 50 m thick) 
(Jerzykiewicz, 1968a; Wojewoda, 1997). Several mi-
nor sandstone bodies (up to 15 m thick) occur be-
tween the middle and upper major sandstone hori-

zon in the northern part of the tableland. Between 
these sandstone units various fine-grained rocks 
occur, mainly mudstones and siliceous marls, with 
a subordinate presence of calcareous sandstones, 
claystones, spongiolites and gaizes (Wojewoda, 
1997; Rotnicka, 2007). 

From the perspective of rock factors controlling 
landform evolution the following differences be-
tween these two major components of lithological 
succession are important. First, sandstones show 
a higher intact strength as demonstrated by in-situ 
Schmidt hammer measurements (Migoń & Zwier-
nik, 2006; Placek, 2011; Duszyński & Migoń, 2015). 
Secondly, they are typified by more or less regular 
orthogonal jointing, with joint spacing from less 
than 1 m to, not uncommonly, more than 5 m (Je-
rzykiewicz, 1968b). These joints account for the pro-
duction of large angular boulders that are released 
from cliff lines (Duszyński & Migoń, 2015). Thirdly, 
most sandstone units are thick bedded, whereas the 
finer-grained rock series show dense bedding, with 
10–20 cm spacing (Rotnicka, 2007). Fourthly, and 
lastly, a common feature of fine-grained sediments 
is the poor permeability, which contrasts with the 
good permeability of the sandstones themselves 
as a result of both primary and secondary porosity 
(Kowalski, 1980). All these properties combined ac-
count for the much higher resistance of sandstones 
in comparison with mudstones and marls, their 
ability to support high cliffs of up to 40 m in height, 
and the longevity of sandstone boulders hypothe-
sised from various lines of evidence (Migoń, 2012; 
Duszyński & Migoń, 2015).

3. Methods

The present study is primarily based on field work, 
aided by interpretation of high-resolution (1 m × 1 
m) digital elevation models and ortophotomaps, 
freely available at www.geoportal.gov.pl. Field 
work included detailed geomorphological map-
ping of two boulder clusters and their immediate 
surroundings, measurements of each boulder larg-
er than 1 m using laser rangefinder and tape, re-
cording of minor weathering features on boulder 
surfaces and identification of evidence of former 
quarrying (smooth faces, debris leftovers, hollows 
left after complete removal of a boulder). Eval-
uation of potential geoheritage and geotouristic 
significance of boulder clusters was informed by 
a survey of the relevant literature focused on the 
geomorphological history of central European sed-
imentary tablelands.
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4. Łężyckie Skałki

4.1. Geomorphological and geological setting

The locality of Łężyckie Skałki (= Łężyce Rocks) is 
situated in the south-western part of the tableland, 
next to the few remaining houses of the village of 
Łężyce Górne (Fig. 1). The main element of topog-
raphy is a plateau covering c. 1.1 km2, with an in-
distinct elevation of Rogowa Kopa (794 m a.s.l.) 
in the north and imperceptibly sloping surfaces 
towards the west and south (Fig. 2). On the west-
ern side the plateau terminates in a clear break of 
slope, beyond which surface inclinations increase 
to ~30°, and locally even to 50°, with bedrock cliffs 
exposed within the slopes. The western plateau rim 
is sinuous in plan, undercut by several deeply in-
cised, V-shaped valleys, with permanent or periodic 
watercourses (Fig. 3). These streams are tributaries 
of the Dańczówka stream, which drains the area to 
the west, to the River Labe. The southern and east-
ern limits of the plateau are not so clear cut and the 
transition to fluvial valleys is gradual. These valleys 
drain to the Złotnowski Potok stream, which be-

longs to the drainage basin of the River Odra. Thus, 
the main drainage divide of the Sudetes that sepa-
rates the catchments of the North Sea and the Baltic 
runs across the Rogowa Kopa plateau. The plateau 
itself is part of the middle morphostructural level of 
the Stołowe Mountains tableland (“Main Plateau”), 
although it is physically separated from its main 
area of occurrence by remnants of the upper plateau 
(Skalniak – 919 m a.s.l., Narożnik – 850 m a.s.l.).

Geologically, the plateau of Rogowa Kopa is 
underlain by fine-grained members of the Upper 
Cretaceous sedimentary succession of the Stołowe 
Mountains, which include marlstones and siliceous 
marls, calcareous, calcareous-siliceous and siliceous 
mudstones, silty limestones, calcareous spongiolites 
and thin intercalations of calcareous sandstones 
(Rotnicka, 2007). These thin-bedded rocks are not 
exposed on the plateau itself, but crop out locally in 
the channel beds, where they form low steps (<1 m 
high), and more impressively within the steep val-
ley side of the Dańczówka stream in the north. This 
fine-grained series does not have any thick interca-
lations of quartz-rich sandstones which make up 
the boulders on the plateau.

Fig. 2. The locality of Łężyckie Skałki (Rogowa Kopa). A – view from the upper plateau towards Rogowa Kopa; arrows 
show individual boulders (not to be confused with haystacks). Note the absence of boulders in front and the ground 
sloping towards the viewer; B – ground view.
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The northern part of the plateau is currently an 
open ground, meadows being the dominant land 
cover. Deforestation and conversion to agricultural 
use probably occurred in the 18th century, when the 
hamlet of Łężyce Górne was founded (Staffa et al., 
1992; Latocha, 2020); it may have had a larger extent 
than today. The southern part of the plateau is now 
covered by forest, but old topographic maps show 
a mosaic of pastures and arable land, with only one 
larger forest patch.

Allochthonous sandstone boulders, which are 
the main focus of the present paper and stratigraph-
ically belong to the ‘upper jointed sandstone’ series, 
occur in two morphological positions. One includes 
boulders scattered over the plateau surface, with 
those in the north well visible due to open terrain 
conditions, whereas those in the south are hidden 
in young tree stands. The second position includes 
the floors of two deep valleys that incise into the 
plateau rim from the west. Here the boulders form 
trains of variable length, as long as 800 m. Interest-
ingly, very few boulders occur in the slope position, 
between the plateau rim and the valley floors.

4.2. Plateau boulders

The boulders on the Rogowa Kopa plateau, near-
ly 100 in total number, are widely dispersed in its 
south-western part (Fig. 3). Their spatial distribution 
does not reveal any immediately evident clusters, 
although they seem to be more common in the less 

elevated part of the plateau. In particular, an elon-
gated group consisting of nine large boulders may 
be identified in the upstream prolongation of valley 
‘B’. The plateau boulders are of widely varying siz-
es. The maximum values are 11 m in length, 8 m in 
width and 10.7 m in height, average values being 5 m, 
3.5 m and 1.8 m, respectively. Two main categories 
of blocks can be distinguished on the basis of dimen-
sions (Fig. 3). Large boulders measure at least 2.5 m 
along the longest axis, whereas in small boulders 
none of the dimensions exceeds 2.5 m. The former 
are the most common on the plateau (more than 50 
individual objects). In several places small boulders 
are evidently an effect of disintegration and splitting 
of a large boulder (Fig. 4A,B). Although most boul-
ders look intact, part of the ‘population’ consists of 
boulders which were used by the local inhabitants 
as a conveniently located source of stone material 
for domestic purposes. Therefore, the original size 
of some boulders could not be reconstructed due to 
complete excavation, or only partial reconstruction 
is possible (Fig. 4C, D). The former are referred to as 
‘phantom boulders’ and are typically marked by the 
presence of post-mining pits, with clear boundaries, 
surrounded by embankments made of sandstone 
rubble or loosely scattered, sharp-edged leftovers. 
Exploitation of other boulders was terminated prior 
to complete excavation and these may have adjacent 
sides with contrasting microrelief, due to natural 
weathering and intentional cutting, respectively 
(Fig. 4D). This exploitation history also means that 
the density of boulders in the past may have been 

Fig. 3. Distribution of residual sandstone 
boulders on the Rogowa Kopa plateau 
(for location within the Stołowe Moun-
tains, see Fig. 1). Contour lines are de-
rived from a high-resolution (1 m × 1 m) 
digital relief model, available at www.
geoportal.gov.pl.
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higher. Most large boulders are characterised by 
distinct surface microrelief, in the form of hollows 
of varying depths on the upper surfaces, including 
regular weathering pits (gnammas), enlarged fis-
sures along joints and incipient cavernous forms on 
the side walls (Fig. 4E, F). Small boulders typically 
lack microrelief.

4.3. In-valley boulder trains

Two boulder trains occur within the west-facing 
slopes of the Rogowa Kopa plateau (Parzóch & 
Migoń, 2015). The train in the valley, labelled ‘A’ 
(Fig. 3), is the longer one, with the most distant 

boulders located more than 800 m from the plateau 
rim. Closer inspection reveals that the boulders 
form three distinctive clusters which, going down-
stream, are 40 m, 44 m and 56 m long, respectively. 
The clusters are separated by valley floor sections 
with only occasional and generally small boulders. 
In addition, there are multiple boulders in the val-
ley section located beyond the steep escarpment, 
below 650 m a.s.l., both in the channel and above it, 
within a 3–5 m high ‘terrace’. In total, 99 boulders 
of more than 1 m in length have been mapped in 
the valley, including 80 in the channel itself (Fig. 5). 
Nine boulders are more than 5 m long. The number 
of boulders in each cluster varies, from 15 in clus-
ter I to 34 in cluster II. Boulders in slope position 

Fig. 4. Residual sandstone boulders on the plateau of Rogowa Kopa. A, B – split boulders resulting from the decay of the 
primary block through natural processes; C – a hollow left after partial excavation of a boulder, used to reconstruct 
the original dimensions of boulders; D – unfinished quarrying of a boulder; E – one of the intact boulders in open 
terrain, with diverse surface microrelief; F – weathering pit on a boulder.
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rank among the largest ones and are comparable 
in terms of their dimensions with boulders on the 
plateau. The presence of shallow linear troughs 
upslope and minor swells on the downslope side 
is indicative of slow, gravity-driven movement of 
boulders, which will eventually reach the channel 
and join the clusters therein. Schmidt hammer tests 
(Parzóch & Migoń, 2015) have not revealed any ev-
ident differences between clusters, which – if pres-
ent – might suggest different weathering histories 
and dissimilar exposure times. 

In the next valley to the south only a few boul-
ders are present, whereas a larger cluster occurs in 
valley ‘B’. It consists of 47 rock elements, dispersed 
along a stretch of 300 m. In contrast to valley ‘A’, 
more boulders occupy the slopes in the headwater 
part. Furthermore, boulders are smaller on average, 
with only three exceeding a length of 5 m and the 
majority being less than 2 m long.

5. Pustelnik

5.1. Geomorphological and geological setting

Pustelnik (790 m a.s.l.) is situated in the western part 
of the Stołowe Mountains, approximately 1 to 1.5 
km to the north-west of the village of Karłów (Fig. 
1). It is a low terrain swell between the twin mesa 

of Szczeliniec Wielki/Szczeliniec Mały in the north-
east and the plateau of Skalniak in the south-west, 
both belonging to the highest morphostructural lev-
el of the Stołowe Mountains, underlain by massive 
quartz sandstones belonging to the ‘upper jointed 
sandstone’ series. The swell itself is part of the mid-
dle morphostructural level. Shallow troughs sepa-
rate the swell from the footslopes of both adjacent 
elevations, with the one at the foot of the Skalni-
ak plateau being occupied by a watercourse – the 
headwater of Machovský Potok stream. The Pustel-
nik plateau is also crossed by the main water divide 
of the Sudetes. Slopes are less than 5° and in many 
places close to 0. In the north-west, however, the 
plateau is incised by two steep-sided valleys, whose 
depth with respect to the plateau level is 25 m.

Similar to the Rogowa Kopa plateau, the plateau 
of Pustelnik is also underlain by rock series belong-
ing to the fine-grained heterolithic complex that 
occurs stratigraphically below the upper quartz 
sandstones (Wojewoda, 1997). These sandstones 
are exposed within the cliffed escarpments of Mt. 
Szczeliniec Mały and Ptasia Skała ridge, to the 
north-east and south-west, respectively, with the 
base at c. 840 m a.s.l., thus c. 50 m above the level of 
the plateau. Within the fine-grained complex marls, 
mudstones and thinly bedded calcareous sand-
stones occur and locally crop out within the steep 
valley sides to the north-west of the plateau level.

 Fig. 5. In-valley boulder clusters within the escarpment of Rogowa Kopa. A – general view of the northern valley; B – 
upper cluster in the northern valley; C – solitary sandstone boulder resting on mudstone bedrock; D – boulders in 
the uppermost part of the southern valley.
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In terms of land cover the plateau of Pustelnik 
is also very similar to the surroundings of Rogowa 
Kopa. It is largely deforested and used as extensive 
meadows, with dispersed patches of woodland. 
Most sandstone boulders occur within an open 
terrain, although young trees tend to grow in their 
immediate vicinity (Fig. 6). A few are hidden in the 
woodland, whereas more of them litter the floor of 
a forested erosional incision in the north-west.

5.2. Boulder distribution and characteristics

As far as relief is concerned, sandstone boulders may 
be found in two positions, namely on the plateau 
itself and within the V-shaped incision to the north-
west of it (Fig. 7). The plateau boulders are widely 

scattered, some more than 100 m from the nearest 
neighbour. However, they do form two groups. The 
eastern group occupies the highest part of the pla-
teau and consists of one small cluster of four blocks 
and five other boulders. The western part includes 
eight solitary blocks and one small cluster (Fig. 8A, 
B). The dimensions of boulders are variable, with 
the largest ones measuring 10 m × 8.5 m × 2.5 m 
and 10 m × 4 m × 3.5 m. In terms of height, a block 
next to the channel of Machovský Potok stands 
out, measuring 6.5 m (Fig. 8C). A notable feature of 
many boulders is the presence of varied microrelief. 
Among specific weathering landforms are shallow 
pans on horizontal upper surfaces, some as large 
as 100 cm × 90 cm, as well as raised rims, arcades 
and elongated caverns within vertical surfaces, de-
veloped at the intersection with bedding planes. 

Fig. 6. Geomorphic setting of sandstone boulders on the plateau of Pustelnik. Two boulders on completely level surface 
in the foreground and the sandstone-capped mesa of Mt. Szczeliniec Mały in the background.

Fig. 7. Spatial distribution of sandstone boul-
ders on the plateau of Pustelnik. Contour 
lines are derived from a high-resolution 
(1 m × 1 m) digital relief model, available 
at www.geoportal.gov.pl
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Wavy textures are likely exposed boundary sur-
faces separating sandstone beds, with hollows in-
dicating places where lithification was incomplete 
and loose sand could have been removed, possibly 
with an additional role played by gas bubbles (see 
Dumanowski, 1961a). Whereas some boulders are 
massive and the recognition of bedding planes is 
not possible, others show these structural surfaces 
fairly clearly. In some boulders they are close to 
horizontal, as in the parent rock in situ, but in others 
bedding planes dip at various angles, from 20–40° 
to 80–90°, indicating considerable rotation in re-
spect to the original position (Fig. 8C, D). Boulders 
inside the incision are generally smaller than those 
on the plateau (Fig. 8E). The largest one is 6 m × 4 

m × 3.5 m, followed by 5 m × 4 m × 2.5 m. Altogeth-
er, 14 boulders longer than 1.5 m occur on the valley 
floor. As at the previous locality, boulder quarrying 
was practised for domestic purposes (Fig. 8F) and it 
is possible that the number of boulders on the pla-
teau was higher in the past, as also suggested by 
shallow pits and debris leftovers.

6. Origin of boulders

For a long time, isolated sandstone boulders on the 
main plateau of the Stołowe Mountains were over-
looked in geomorphological research. In fact, sim-
ilar localities elsewhere (e.g., Elbsandsteingebirge, 

Fig. 8. Various aspects of sandstone boulders on the plateau of Pustelnik. A – cluster of several boulders; B – solitary 
boulder on completely level terrain; C, D – large boulders rotated to near-vertical positions; E – boulders on the 
bottom of fluvial incision to the north-west of the plateau; F – remnants of boulder quarrying.
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Germany) also escaped attention (Migoń et al., 
2020; Migoń, 2021). Boulders at Rogowa Kopa were 
erroneously interpreted as simple in-situ remnants 
of the upper jointed sandstone (Walczak, 1968), 
ignoring the fact that the lower boundary of this 
rock series occurs more than 50 m above the mor-
phological surface, on which the boulders rest. 
The presence of sandstone boulders inside poorly 
accessible deep incisions to the west of the plateau 
was never reported prior to the recent intensifica-
tion of geomorphic research in the Stołowe Moun-
tains. Parzóch et al. (2009) first drew attention to 
the enigma of these boulders and linked them with 
long-term escarpment retreat and undercutting of 
the Rogowa Kopa plateau, so that boulders orig-
inally positioned on the plateau began to move 
downslope, eventually reaching the valley floors 
where they came to rest. However, they did not 
discuss the origin of the boulders themselves. This 
conceptual model was subsequently developed by 
Parzóch & Migoń (2015), who also suggested that 
plateau boulders testified to the past existence of a 
detached outlier of the main plateau that had com-
pletely disintegrated, leaving only scattered cap-
rock remnants in allochthonous positions. Residual 
boulders at Pustelnik were not mentioned at all un-
til the publication by Migoń (2010) in a local natural 
history journal.

Any attempt to explain the origin of scattered 
sandstone boulders on the mudstone-underlain 
main plateau needs to consider that: (a) boulders 
are not rooted in bedrock, i.e., they are not in origi-
nal position, (b) in-situ outcrops of quartz sandstone 
are both far away from the boulders (a minimum 
of 450 m at Pustelnik and 1 km at Rogowa Kopa) 
and stratigraphically more than 50 m above the el-
evation at which boulders occur. Local relief and 
the presence of escarpment-parallel valleys rules 
out the scenario that boulders may be the prod-
ucts of long-term, gravity-driven transport from 
the escarpments as movement against the gravity 
and over horizontal surfaces would then have been 
involved. There is also a notable lack of continuity 
of boulders towards the boulder-mantled slopes of 
the escarpments, expected if there were any causal 
connection. The rotated position of some boulders, 
even up to vertical, is also significant and suggests 
an episode of displacement from the original posi-
tion. Duszyński et al. (2016) argued that progressive 
boulder rotation was one of consequences of sand 
removal by subterranean flows, apparently com-
mon in the sandstone caprock and at its contact with 
much less permeable fine-grained rocks beneath. 
Various stages of block displacement due to the re-
moval of vertical support have recently been doc-

umented in a geologically and geomorphologically 
similar setting in the German Elbsandsteingebirge 
(Migoń et al., 2020).

Thus, the most plausible scenario, valid for both 
localities presented herein, seems to involve the fol-
lowing steps (Fig. 9):
1. Dissection and non-uniform retreat of escarp-

ments bounding the upper plateau led to the 
separation of minor sandstone-capped hills (me-
sas, buttes) (Fig. 9A). Two such hills are hypoth-
esised to have been present at the locality of Pus-
telnik (south-eastern and north-western boulder 
clusters – see Fig. 7), whereas at the Rogowa 
Kopa site no similar spatial dispersal/cluster-
ing occurs. At a larger scale, the twin mesa of 
Szczeliniec Wielki/Szczeliniec Mały, detached 
from the Skalniak plateau, is an example of such 
separation.

2. Ongoing retreat of sandstone cliffs, whether by 
incremental events of rock fall/topple or slow 
in-situ disintegration, or both, transformed the 
mesas into ruiniform relief, consisting of discon-
nected sandstone blocks of varying dimensions 
(Fig. 9B). Rotation of some blocks may have oc-
curred, whereas others settled down without 
rotation.

3. Exposure of less resistant fine-grained rock series 
resulted in their accelerated disintegration and 
decomposition (where the calcium-carbonate 
content was significant), whereas remnant cap-
rock boulders survived by virtue of their mas-
siveness and mineralogical composition (Fig. 
9C). Further boulder displacement according to 
the local slope may have occurred.

4. Levelling of residual hills (‘ghosts’ of former me-
sas and buttes) to the general plateau level, with 
the current distribution of boulders reflecting 
both the original position of a residual hill and 
subsequent local displacements. Because of the 
negligible slope of the plateau boulders are es-
sentially immobile (Fig. 9D).

5. Headward erosion undercuts the margins of the 
plateau, reducing its extent. Wherever the ex-
panding incisions reach the boulders, they begin 
to move down the steep slopes towards the val-
ley floors (Fig. 9E).

6. Boulders themselves are too large and heavy to 
be moved by low-discharge streams, but incision 
into weak bedrock may alter their balance of po-
sition and slow displacements down the valley 
are possible. The largest boulders are the most 
difficult to displace and these form barriers, in-
ducing the development of boulder clusters.
This scenario is hypothetical and, unfortunate-

ly, currently unconstrained in terms of temporal 
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scale, but it does overcome problems posed by al-
ternative concepts involving considerable lateral 
displacements and is consistent with the geological 
structure of the tableland (i.e., stratigraphical posi-
tion of quartz sandstone). The suggested interme-
diate phases within this scenario have been shown 
to occur as real landform assemblages elsewhere 
in the central European sandstone region, in the 
Elbsandsteingebirge of eastern Germany (Migoń et 
al., 2020). 

7. Boulder clusters as geosites and 
problems of interpretation

Geoheritage may simply be defined as part of the 
rock and landform record that is of value and, hence, 
should be subject to conservation and protection 
(Brocx & Semeniuk, 2007; Brilha, 2018). As such, 
these records acquire educational value and may 
be used for the purposes of teaching and learning. 

A special role is played by localities that illustrate 
a given geological or geomorphological phenome-
non in the best or most complete way, helping to 
understand a piece of Earth history. These are com-
monly known as geosites (Reynard, 2004), whose 
educational services are greatly facilitated by easy 
access. Therefore, the question is whether or not the 
boulder clusters in the Stołowe Mountains table-
land can be considered as geosites and what are the 
challenges associated with their status as such.

We argue that the simple answer to first ques-
tion is ‘yes’. Not only do the residual sandstone 
boulders on the main plateau enhance the scenery, 
as was appreciated already some time ago (Wal-
czak, 1968), they are also key witnesses to long-term 
landform evolution in stepped tablelands and show 
the possible ultimate fate of residual tabular hills. 
Moreover, they illustrate the longevity of residual 
geomorphic elements and how these elements may 
influence the evolution of valley floor morphology, 
which may seem a very different, unrelated theme. 
Although inconspicuous at first sight, not easy to 

Fig. 9. Scenario of hypothetical evolution of tableland landscape leading to the occurrence of boulders on the plateau 
and boulder trains in the valleys incised into the plateau, based on Parzóch & Migoń (2015, modified).
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interpret and far less grand than adjacent ruini-
formed mesa tops and rock labyrinths, these boul-
ders are among the most significant elements of 
geomorphological heritage of the region. Their sci-
entific value is enhanced by good access to at least 
some of the boulders and there is also an associated 
cultural value. In the distant past (19th and early 20th 
centuries), boulders were used as a local source of 
building stone and traces of these human activities 
can still be observed. 

In fact, both localities have already been present-
ed as valuable sites of interest for visitors who are 
willing to understand the story behind the scenery 
better, i.e., geotourists. Within the project that in-
volved the erection of six geological interpretation 
panels at key spots, the Pustelnik locality was select-
ed as one of these sites (Wojewoda, 2011). The panel 
includes a sketch showing alternative scenarios of 
how the boulders could have come to their current 
position and a special access path was marked (Fig. 
10). The localities of Pustelnik and Łężyckie Skałki 
are both included in a geotourist guidebook for the 
Stołowe Mountains (Duszyński et al., 2015), whose 
updated edition (issued 2018) can be download-
ed from the National Park website (https://www.
pngs.com.pl/data/wydawnictwa/Przewodnik%20
geomorfologiczny%20_Gory_Stolowe_2018.pdf). 
However, no on-site interpretation facilities are 
available at the Łężyckie Skałki locality and one may 
wonder how many tourists who pass by the boul-
ders in actual fact realise that they find themselves 
in one of the most important sites for deciphering 
patterns of landform evolution in the tableland.

Legal access to boulders, regulated by rules ap-
plicable to national parks in Poland, is in fact quite 
limited and this does not help in our appreciation 
of their actual distribution. Only waymarked paths 

can be used and leaving the trails is forbidden. 
Moreover, the western escarpment of Mt. Rogowa 
Kopa is a strict protection area. Therefore, at Pus-
telnik tourists can only see part of the south-eastern 
cluster, whereas large boulders of the north-west-
ern cluster are off limits and cannot be seen from a 
distance. At Łężyckie Skałki boulders are more clus-
tered and one can have a panoramic view of their 
distribution, although those hidden in the wood-
land remain out of sight. Unfortunately, impressive 
boulder clusters in fluvial incisions are completely 
inaccessible, although these are good localities to 
explain the phenomenon of ploughing blocks and 
conditions of fluvial transport. The development of 
‘virtual geosites’ to be viewed through a dedicated 
webpage may be an option to consider in such cir-
cumstances, although this may also prompt people 
to ignore restrictions and try to reach the localities 
anyway.

Interpreting the boulders in an accessible way 
is also challenging and there are several associated 
problems. First, the history of boulders is interpret-
ed from various complementary lines of evidence, 
whereas storytelling with too many uncertainties 
embedded may be in conflict with the expectations 
of the general public to read a simple, clear story on 
either on-site panels or in off-site resources. How-
ever, if the story is told in a more affirmative way, 
this may create discomfort among scientists who are 
involved in geo-interpretation. Secondly, the entire 
story is complex (see the scenario outlined in sec-
tion 5) and will require a lengthy narrative, which is 
rather discouraged, especially for on-site interpre-
tation panels (Macadam, 2018; Bruno & Wallace, 
2019). Thirdly, visitors cannot be directed to other 
localities in the Stołowe Mountains that would illus-
trate intermediate phases of relief evolution, as they 

Fig. 10. Geotourist facilities at the Pus-
telnik site. Information panel and 
railing at the panoramic view-
point (in the background). Note 
that the panel does not obscure 
the view of the boulders.
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do not exist. Thus, the space-for-time substitution 
concept, recently shown to be useful in interpreta-
tion of the mesa-dominated sandstone landscape of 
the Elbsandsteingebirge (Migoń et al., 2019), cannot 
be adopted. Fourthly, and lastly, the processes im-
plied to occur are slow and not spectacular (as op-
posed to events such rock falls or landslides), thus 
with less potential to engage casual visitors whose 
background in geosciences is usually very limited. 

8. Conclusions and final remarks

Two clusters of allochthonous sandstone boulders 
on the levelled surface of the main plateau of the 
Stołowe Mountains and boulder trains in the adja-
cent erosional incisions are sites of considerable sig-
nificance for deciphering the long-term geomorphic 
history of sandstone tablelands. They originated 
through initial separation of sandstone-capped out-
liers from the upper plateau, followed by progres-
sive caprock disintegration, minor displacements 
associated with rotation, surface lowering and con-
current sagging of boulders to the stage of a residu-
al boulder blanket that is observed today. In-valley 
boulder trains result from fluvial undercutting of 
the main plateau and further relocation of residual 
boulders into expanding valley incisions. 

This intriguing history of landform evolution 
sets the stage for assessment of the geoheritage 
and geotouristic potential of both localities. The 
Stołowe Mountains tableland is among the most 
visited tourist destinations in south-west Poland, 
with approximately 1 million visitors annually. 
They are attracted mainly by the scenic ruiniform 
relief on top of Mt. Szczeliniec Wielki mesa and the 
rock labyrinth of Błędne Skały, resulting in consid-
erable congestion in the peak season, exhaustion of 
tourist-carrying capacity and a range of environ-
mental and management problems. To address this 
issue, alternative tourist destinations are increas-
ingly promoted in order to disperse tourist flows. 
However, in view of the fact that the core values 
of the Stołowe Mountains National Park reside in 
their exceptional geoheritage, geotourism with a 
strong educational component is considered an 
important part of the mission of the National Park. 
The two localities presented herein, albeit far less 
conspicuous at first sight than the star attractions of 
the area, have considerable geoheritage values and 
may become exciting geosites, especially if proper 
interpretation becomes available. Until now, they 
are visited by a minority of tourists and appreciated 
for their scenic rather than scientific values. How-
ever, they do tell a complex story of plateau and es-

carpment evolution and represent end-members of 
a long-term evolutionary pathway, with the nearest 
analogous examples in the Elbsandsteingebirge of 
Saxony, eastern Germany.

Acknowledgements

We are grateful for the support of the Stołowe 
Mountains National Park and for permission to 
work in protected, inaccessible areas. Field assis-
tance by Agnieszka Latocha and Łukasz Pawlik 
are acknowledged, as are discussions with Filip 
Duszyński and participants of the Sandstone Land-
scape III Conference in 2012 and the Workshop of 
Structural Geomorphology in 2017, both held in 
the Stołowe Mountains. Jurand Wojewoda kindly 
commented on the scenario envisaged for the Pus-
telnik locality. We are also most grateful to Kacper 
Jancewicz for the last-minute help with prepara-
tion of some figures. Comments from two journal 
reviewers helped to improve the paper and we are 
also grateful to Tomasz Zieliński, Editor-in-Chief, 
for editorial assistance.

References

Blair, T.C. & McPherson, J.G., 1999. Grain-size and textur-
al classification of coarse sedimentary particles. Jour-
nal of Sedimentary Research 69, 6–19.

Boggs, S. Jr., 2009. Petrology of Sedimentary Rocks (2nd ed.). 
Cambridge University Press, Cambridge, 600 pp.

Brilha, J., 2018. Geoheritage: inventories and evaluation. [In:] 
Reynard, E. & Brilha, J. (Eds): Geoheritage. Assess-
ment, protection and management. Elsevier, Amster-
dam, 69–85.

Brocx, M. & Semeniuk, V., 2007. Geoheritage and geocon-
servation – history, definition, scope and scale. Journal 
of the Royal Society of Western Australia 90, 53–87.

Bruno, B.C. & Wallace, A., 2019. Interpretative panels for 
geoheritage sites: Guidelines for design and evalua-
tion. Geoheritage 11, 1315–1323.

Dumanowski, B., 1961a. Forms of spherical cavities in the 
Stołowe Mountains. Zeszyty Naukowe Uniwersytetu 
Wrocławskiego B8, 123–137.

Dumanowski, B., 1961b. Zagadnienie rozwoju stoku na 
przykładzie Gór Stołowych [The problem of slope 
development on the example of the Stołowe Moun-
tains]. Czasopismo Geograficzne 32, 311–324 (in Polish, 
with English summary).

Duszyński, F. & Migoń, P., 2015. Boulder aprons indicate 
long-term gradual and non-catastrophic evolution of 
cliffed escarpments, Stołowe Mts, Poland. Geomor-
phology 250, 63–77.

Duszyński, F., Migoń, P. & Kasprzak, M., 2015. Góry 
Stołowe – kraina zrodzona z morza. Przewodnik geomorfo-
logiczno-turystyczny. [Stołowe Mountains – an area born 



154 Piotr Migoń, Krzysztof Parzóch

from the sea. Geomorphological-touristic guidebook]. Park 
Narodowy Gór Stołowych, Kudowa Zdrój, 132 pp. (in 
Polish).

Duszyński, F., Migoń, P. & Kasprzak, M., 2016. Under-
ground erosion and sand removal from a sandstone 
tableland, Stołowe Mountains, SW Poland. Catena 
147, 1–15.

Jerzykiewicz, T., 1968a. Sedymentacja górnych piaskow-
ców ciosowych niecki śródsudeckiej (górna kreda) 
[Sedimentation of the upper jointed sandstones in the 
Intrasudetic Trough (Upper Cretaceous)]. Geologia Su-
detica 4, 409–462 (in Polish, with English summary).

Jerzykiewicz, T., 1968b. Uwagi o orientacji i genezie ciosu 
w skałach górnokredowych niecki śródsudeckiej. [Re-
marks about orientation and origin of joint pattern in 
Upper Cretaceous rocks of the Instrasudetic Trough]. 
Geologia Sudetica 4, 465–478 (in Polish, with English 
summary).

Kasprzak, M. & Migoń, P., 2015. DEM-based analysis 
of geomorphology of a stepped sandstone plateau, 
Stołowe Mountains (SW Poland). Zeitschrift für Geo-
morphologie N.F. 59, Suppl. Issue 1, 247–270.

Kowalski, S., 1980. Charakterystyka hydrogeologiczna 
źródeł Gór Stołowych. [Hydrogeological characteris-
tics of springs in the Góry Stołowe Mts]. Kwartalnik 
Geologiczny 24, 885–904 (in Polish, with English sum-
mary).

Latocha, A., 2020. Krajobraz kulturowy Gór Stołowych. 
Wędrówki w czasie i terenie [Cultural landscape of the 
Stołowe Mountains. Wandering through time and terrain]. 
Park Narodowy Gór Stołowych, Kudowa Zdrój, 357 
pp. (online only: https://www.pngs.com.pl/data/
wydawnictwa/Krajobraz_kulturowy_Gor_Stolowy-
ch_A_Latocha_2020.pdf) (in Polish).

Macadam, J., 2018. Geoheritage: getting the message across. 
What message and to whom? [In:] Reynard, E. & Bril-
ha, J. (Eds): Geoheritage. Assessment, protection and 
management. Elsevier, Amsterdam, 267–288

Migoń, P., 2010. Geneza bloków piaskowcowych na 
Pustelniku (Góry Stołowe). [The origin of sandstone 
boulders at Pustelnik locality (Stołowe Mountains)]. 
Przyroda Sudetów 13, 263–274 (in Polish).

Migoń, P., 2012. Longevity of residual sandstone boulders in 
the erosional relief of the Stołowe Mountains, Central Eu-
rope. [In:] Migoń, P. & Kasprzak, M. (Eds): Sandstone 
Landscapes. Diversity, Ecology and Conservation. 
Proceedings of the 3rd International Conference on 
Sandstone Landscapes, Wrocław, 121–126. 

Migoń, P., 2016. Rediscovering geoheritage, reinventing geot-
ourism – 200 years of experience from the Sudetes, Central 
Europe. [In:] Hose, T.A. (Ed): Appreciating Physical 
Landscapes. Geological Society London, Special Pub-
lication 417, 215–228.

Migoń, P., 2021. Sandstone geomorphology – recent advances. 
Geomorphology 373, 107484.

Migoń, P. & Duszyński, F., 2018. Process – form relation-
ship in the Stołowe Mountains tableland (Central Eu-
rope) – an example of strong lithostructural control 
on geomorphic systems of medium-altitude moun-
tains. Studia Geomorphologica Carpatho-Balcanica 51–52, 
155–178.

Migoń, P. & Duszyński, F., 2020. Ścieżka Skalnych Grzy-
bów. Przewodnik. [Rock Mushrooms trail. A guidebook]. 
Park Narodowy Gór Stołowych, Kudowa-Zdrój, 69 
pp. (online only: https://www.pngs.com.pl/data/
wydawnictwa/ PrzewodnikSkalneGrzyby.pdf) (in 
Polish).

Migoń, P. & Zwiernik, M., 2006. Strukturalne uwarun-
kowania rzeźby północno-wschodniego progu Gór 
Stołowych. [Structural control in the geomorphology 
of the north-eastern escarpment of the Stołowe Moun-
tains, Sudetes, SW Poland]. Przegląd Geograficzny 78, 
319–338 (in Polish, with English summary).

Migoń, P., Duszyński, F., Jancewicz, K. & Różycka, M., 
2019. From plateau to plain – using space-for-time 
substitution in geoheritage interpretation, Elbsand-
steingebirge, Germany. Geoheritage 11, 839–853

Migoń, P., Duszyński, F., Jancewicz, K. & Kotwicka, W., 
2020. Late evolutionary stages of residual hills in ta-
blelands (Elbsandsteingebirge, Germany). Geomor-
phology 367, 107308

Parzóch, K. & Migoń, P., 2015. Deciphering the origin 
of allochthonous sandstone boulder trains within a 
mudstone escarpment, Stołowe Mountains, SW Po-
land. Zeitschrift für Geomorphologie N.F. 59, Suppl. Is-
sue 1, 103–122.

Parzóch, K., Migoń, P. & Latocha, A., 2009. Geomorfolog-
iczne efekty długotrwałego cofania stoków w rejonie 
Sawanny Łężyckiej w Górach Stołowych. [Geomor-
phic effects of long-term slope retreat in the Sawanna 
Łężycka area in the Stołowe Mountains]. Przyroda Su-
detów 12, 87–98 (in Polish).

Placek, A., 2011. Rzeźba strukturalna Sudetów w świetle 
wyników pomiarów wytrzymałości skał i analiz num-
erycznego modelu wysokości. [Structural relief of the 
Sudetes in the light of rock strength measurements 
and analysis of a digital elevation model]. Rozprawy 
Naukowe Instytutu Geografii i Rozwoju Regionalego Uni-
wersytetu Wrocławskiego 16, 1–190 (in Polish).

Pulinowa, M.Z., 1989. Rzeźba Gór Stołowych. [The relief of 
the Stołowe Góry Mts.]. Prace Naukowe Uniwersytetu 
Śląskiego w Katowicach, Katowice, 218 pp. (in Polish, 
with English summary).

Reynard, E., 2004. Geosite. [In:] Goudie, A.S. (Ed): Ency-
clopedia of Geomorphology, vol. 1. Routledge, Lon-
don, 440.

Rogaliński, J. & Słowiok, G., 1958. Rzeźba Gór Stołowych 
w świetle teorii pedyplanacji. [Geomorphology of the 
Stołowe Mountains according to the pediplanation 
theory]. Czasopismo Geograficzne 29, 473–494 (in Polish, 
with English summary).

Rogowski, M., 2020. Monitoring System of tourist traffic 
(MSTT) for tourists monitoring in mid-mountain na-
tional park, SW Poland. Journal of Mountain Science 17, 
2035–2047. 

Rotnicka, J., 2007. Cykle transgresywne i regresywne 
w drobnoziarnistych sukcesjach osadowych na 
przykładzie górnokredowych margli plenerskich 
(Góry Stołowe, Sudety). [Transgressive and regres-
sive cycles in fine-grained rocks successions: an exam-
ple from the Upper Cretaceous Plänermergel, Góry 



 Enigmatic clusters of sandstone boulders on plateaus of the Stołowe Mountains (Sudetes, south-west Poland) 155

Stołowe Mts., Sudetes]. Sedimentologica 1, 18–30 (in 
Polish, with English summary).

Ruban, D.A., Ponedelnik, A.A. & Yashalova, N.N., 2019. 
Megaclasts: term use and relevant biases. Geosciences 
9, 14.

Staffa, M., Janczak, J., Mazurski, K.R., Zając, C. & Czer-
wiński, J., 1992. Słownik geografii turystycznej Sudetów, 
t. 13. Góry Stołowe. [The dictionary of tourism geography 
of the Sudetes, vol. 13. Stołowe Mountains]. PTTK Kraj, 
Warszawa – Kraków, 280 pp. (in Polish)

Walczak, W., 1968. Sudety. [The Sudetes]. PWN Warszawa, 
384 pp. (in Polish)

Wojewoda, J., 1997. Upper Cretaceous littoral-to-shelf succes-
sion in the Intrasudetic Basin and Nysa Trough, Sudety 
Mts. [In:] Wojewoda, J. (Ed): Obszary źródłowe: zapis 
w osadach. Wind, Wrocław, 81–96.

Wojewoda, J., 2011. Geoatrakcje Gór Stołowych – przewod-
nik geologiczny po Parku Narodowym Gór Stołowych. 
[Geo-attractions of the Stołowe Mountains – Geological 
guidebook to the Stołowe Mountains National Park]. Park 
Narodowy Gór Stołowych, Kudowa Zdrój, 68 pp. (in 
Polish)

Manuscript submitted: 2 August 2021 
Revision accepted: 27 September 2021


