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The structural control of the Mroczna Cave development on the slopes
of Mt Kornuty (the Flysch Carpathians, Beskid Niski Mts)
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Abstract: The Mroczna Cave is one of the longest caves in the Beskid Niski Mts., located on the south-western slopes of Mt Kornuty, along the main
scarp of the landslide. According to the geomechanical criterion, it is dilation cave, where extension has played a major role. Morphotectonic analysis
indicates that the main gravitational movement was of a toppling nature but there were also rotation around the vertical axis as well as a backward rota-
tion. The relatively large cave depth (15.5 m) and its shape (cross-section of its passages) indicate that it was formed along a new gravitational cutting

surface of the rock massif, associated with joint sets.
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Introduction

In the course of regularly held International Pseudokarst
Symposia, representatives from different fields of scien-
ce and speleologists involved in the exploration of caves
have quite precisely described the concept of pseudo-
karst. It was established that pseudokarst forms are mor-
phologically similar to karst (Urban, Mochon 1991), but
can form in both non-karst and karst rocks. Although the
current opinion is that the term pseudokarst cannot be
precisely defined, the term still holds significant scienti-
fic interest for researchers in specific fields (Urban 2014).
This growing interest in pseudokarst forms has brought
to light some fundamental research problems (Mochon,
Urban 1989, Klassek, Mikuszewski 1997). It has also
opened up issues related to structural geomorphology. Of
particular interest are the analyses that concern the de-
termination of the mechanics and nature of gravitational
movements, in the light of landslide development (Janiga
1974, Puchejda 1989, Margielewski 2002, Margielewski,
Urban 2003, 2004).

The south-western slopes of Mt Kornuty in the Beskid
Niski Mts. show distinctive landslide features. In relation
to the spatial orientation of the bedding planes, the land-
slide represents the obsequent type, with the direction of

mass movement opposite to the slope dip (Bober 1984).
The high and almost vertical rocky head scarps indicate
the structural control in the landslides of the Flysch Car-
pathians (Margielewski 1998, 2006). The action of tecton-
ic processes have led to the formation of a joint network
that is involved in the gravity driven movements. Rocks
and deep-seated landslides are the result of a progressive
development of extension-dilation crevices in anisotropic
rock massifs. The location of a dilation cave within the
zone of a main landslide scarp provides an opportunity
to trace the slope relief evolution “from the inside.” This
also enables one to observe the crevice at the initial stage
of increasing stresses and their relaxation, as well as in
the phase of gravitational disintegration of the rock massif
separated by the cave (Margielewski 1998, 2002, 2009,
Margielewski, Urban 2003). The study of the spatial ori-
entation of particular slope (massif) elements and their
features within the Mroczna Cave allows one to deter-
mine the type of movements that led to the creation of this
cave. Moreover, the variability of morphometric features
illustrates the structural control of cave development. Fi-
nally, the study makes it possible to distinguish between
the zones associated with secondary movements of rock
blocks and those associated with the initial stage of the
development of the landslide.
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Geological structure and relief of the study
area

The Kornuty ridge, within which the Mroczna Cave is
located, is composed of the so-called Watkowa Sandsto-
nes, which represent a local facies variety of the Magura
Formation (Oligocene) within the Magura (facies-tecto-
nic) Unit (Fig. 1). This sandstone occurs in the core of
the NW-SE elongation syncline that forms the Magura
Watkowska range with Mt Kornuty. High resistance of
the Watkowa Sandstone to erosion has contributed to
the formation of rock outcrops along the ridge and in the
upper part of the slope (Lach 1970, Alexandrowicz, Ale-
xandrowicz 1988). The Watkowa Sandstone has a silice-
ous-ferruginous cement without any carbonate admixtu-
re. High secondary porosity in the range of 4.07-10.04%,
associated with a system of joints, is involved in shaping
the sandstone outcrops and the large natural rock forms in
the Flysch Carpathians (Swidzinski 1933, 1936, Tokarski
1946, Lach 1970, Alexandrowicz 1978).

The elevation of the Magura Watkowska range at Mt
Kornuty is 829.5 m a.s.l. The ridge is flanked on both
sides by steep slopes. At the height of 800 m a.s.l. the
Watkowa Sandstones are outcropped, forming the main
scarp of the landslide, which is up to 15 m high and 800
m long (Zytko 1973, Slaczka 1977, Alexandrowicz, Alex-
androwicz 1988). Below the scarp, on the south-western
slopes of Mt Kornuty, a vast landslide zone of the area
of 1.48 km? stretches out as far as the Bartnianka river
(Fig. 2) (Swidzinski 1936, Raczkowski et al. 1995, Kop-
ciowski et al. 1997). It can be assumed that the entire
area is part of a large multi-phase landslide composed of
several types of gravitational mass movements (accord-
ing to Margielewski 2009). This whole zone is divided
by scarps laid out in tiers, separated by colluvial bodies
and rock tongues. Rock boulders, of a length reaching up
to 10 m, predominate in the upper part of the landslide.

Some of them are toppled elements of the main scarp. An
elongated depression (trench) about 800 m long, 3-5 m
deep, up to 8 m wide, and parallel to the mains scarp is
located between the scarp and the mountain ridge (Lach
1970). The depression has features of a ridge trench, simi-
lar to the ones described by Flis (1958) and Margielewski
(1992, 1997, 1999) in other parts of the Carpathians. In
its south-eastern part, the trench was artificially deepened
and strengthened for military purposes during World War
I (the Gorlice Battle). The size of the rock boulders de-
creases downslope toward the lower part of the slope,
forming colluvial swells and rock tongues. Currently,
the movement of the colluvial material is usually limited
to small rotational landslides at the toe of the colluvial
tongues and solifluction at the bottom part of the slope.
Thickly forested colluvial swells and tongues indicate that
the whole landslide zone is currently at the stabilization
stage (Jakubowski 1974). Large-scale landslide move-
ments have not occurred there recently.

So far 13 pseudokarst caves have been recorded in the
main scarp area and within the sandstone boulders below
it (Pulina 1998, Gubata 2004, Kapturkiewicz 2006). Most
of these caves are small and represent talus-type caves,
i.e., cavities (empty spaces) between large rock blocks
(Table 1) (Vitek 1983, Urban, Mochon 1991). With a
length of 198 m and a depth of 15.5 m, the Mroczna Cave
is the longest and deepest among the caves of the Magura
Watkowska range. The update by a recent inventory has
not introduced any significant changes in the length and
depth of this cave (Gubata 2004, Kapturkiewicz 2006).
The system of passages in the Mroczna Cave is devel-
oped along the head scarp of the landslide, in a general
NW-SE elongation. The shape and geomorphological lo-
cation of the cave indicates that it is a crevice-type cave
(developed owing to gravitational-dilational widening of
joints). According to the morphogenetic classification of
epigenetic pseudokarst caves, some passages represent
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Fig. 1. Geological map of the south-western slopes of Mt Kornuty (after Kopciowski et al. 1997)
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fissure-type cave elements developed as the result of sand-
stone weathering along joints (Vitek 1983, Urban, Mo-
chon 1991). According to the new morphogenetic catego-
rization proposed by Urban and Margielewski (2013), the
Mroczna Cave represents an intermediate type (between
the initial and subsequent caves). Taking into account the
geomechanical criterion of this classification, it is a dila-

tion cave, where tension had an important role in its de-
velopment. The spatial orientation of the Mroczna Cave
passages and their shapes in cross-section represent the
most suitable objects for morphotectonic analyses within
the Magura Watkowska range, allowing me to establish
the types of gravitational mass movements that have oc-

curred based on landslide development.
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Fig. 2. Landslide zone on the south-western slopes of Mt Kornuty
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Table 1. List of caves on the south-western slopes of Mt Kornu-
ty (after Gubata 2004)

No. Cave name Length (m) Depth (m)
1. Mroczna Cave 198 15.5
2. Kornuty I 3.5 less than 1
3. Kornuty II 6 less than 1
4. Kornuty III 11 about 2
5. Kornuty IV 4 less than 1
6. Kornuty V 10 less than 1
7. Kornuty VI 5 less than 1
8. Kornuty VII 5 less than 1
9. Kornuty VIII 7 less than 1

10. Kornuty IX 5 about 1

11. Kornuty X 3 1.5

12. Kornuty XI 7 about 2

13. Kornuty XII 3 less than 1

Research methods

During the field survey, 811 measurements of the spatial
orientation of rock discontinuities were performed in the
Mroczna Cave, separately for its upslope and downslope
walls. The measurements were made using the Freiberg
geological compass of £2° accuracy. The results of the
measurements are presented as contour diagrams (projec-
tions of poles on the lower hemisphere) and directional
rose diagrams (with an accuracy of 10°, in the full range
of the circle, from 0° to 360°) for the upper side (upslo-
pe) and the lower side (downslope) walls of the cave, re-
spectively. A comparison of the orientation of the upper
side cave walls, which are partly elements of the main
landslide scarp, with the orientation of the opposite (lo-
wer side) walls, which frame an “external” (downslope)
rock massif, allows me to determine the types of mass
movements within individual parts of the cave (Margie-
lewski 2002, Margielewski, Urban 2003, 2004, Imrich
et al. 2007, Margielewski et al. 2007). Contour diagrams
and directional diagrams were supplemented by the strata
(bedding planes) orientation and the classification of the
joint sets, adopted from Mastella et al. (1997): L, L' — lon-
gitudinal, D, D, —diagonal, T — transversal, with regard to
the spatial orientation of the stratification. Using both dia-
grams (contour and directional), an attempt to determine
the mechanics and the stages of gravitational movements
in this part of the slope were made.

For the purpose of analysis and proper interpretation of
these movements, the cave was divided into four morpho-
logic parts. The number of measurements obtained was
dependent on the availability of joints surfaces and their
weathering. In the deep wells with almost vertical walls,
line techniques were used to perform the measurements.
In addition, an inventory of tectonic structures indicative
of shearing stresses and relaxation of the rock massif in the
passages of the cave was conducted. During the cave sur-
vey, small non-carbonate speleothems were also recorded.
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The characteristics of the Mroczna Cave

The Mroczna Cave system developed along the main
landslide scarp. The cave passages have a NW-SE elon-
gation and form two levels. The upper part of the cave is
composed of generally wider passages and large cham-
bers formed among rock blocks. The bottom part is re-
presented by a narrow crevice with tectonic microforms
on the walls. Both levels are connected by a few wells
among the rock blocks, the longest of which is 8§ m long.

Based on the orientation of the passages and their relation

to the predominant directions of the cracks appearing in

the main scarp of the landslide, several parts of the cave

were distinguished as mentioned below (Fig. 3):

» crevice-type part composed of the two chambers near
of the cave entrance,

» part oriented (clongated) similar to the predominant
direction in the landslide scarp (composed of two le-
vels — upper and lower),

* part transversal to the predominant direction in the
landslide scarp,

+ talus-type part of the cave (near its bottom).

Four parts in the cave were marked in different grey
colors. A, B, and C — cross-sections of the cave passages.
Numbers “17—“5” indicate places of measurements in the
cave, while the letters “a” and “b” indicate location of the
walls in the upper sides and lower sides of cave passages
(chambers).

The first part of the Mroczna Cave (I part — see above)
is located directly next to the cave entrance and is com-
posed of two chambers — wide passages in a NW-SE elon-
gation. The blocks forming the walls of these chambers
are strongly tilted in the direction concordant to the slope
dip. Such an orientation of blocks results in the cross-sec-
tions through these chambers (A and B cross-sections on
Fig. 3) being triangular in shape. The first cave chamber
is 7 m long, 3—5 m wide, and 3 m high. The upper side
wall is tilted at about 55° (inclination change from ver-
tical position) in the course of the slope dip, while the
opposite chamber wall is tilted at around 30° in the same
direction (cross-section A in Fig. 3). The second cave
chamber is about 4 m long, 3 m wide, and 4 m high. Both
the upper side and the lower side walls are tilted (from the
vertical position) at about 15° in the direction of the slope
dip (cross-section B in Fig. 3). The relationship between
the cave walls in these parts indicates the gravity driven
movements of the rock blocks which form the lower sides
of these passages.

The second part of the Mroczna Cave (II) is elongat-
ed parallel to the predominant direction in the landslide
scarp (Fig. 3). This part is composed of two segments (up-
per and lower) formed within one crevice but separated
by rock blocks and debris. Moreover, the upper and the
lower segments of this crevice differ in width and degree
of structural disintegration. Therefore the measurements
(reported below) were performed separately in both pas-
sages. The vertical distance that separates these two parts
is 8 m, and it is also the height of the longitudinal crevice.
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The upper segment is 8 m long, 1.3 m wide, and 3 m high.
It is developed along a vertical crack. In the upper side
wall there is a ledge 48 cm wide, inclined at an angle of
40°. The location of the ledge corresponds with the char-
acteristic curvature in the opposite wall (cross-section C
in Fig. 3). The lower segment which is continued below
rock debris is a narrow passage developed along the same
vertical system of cracks as the passage mentioned ear-
lier. This narrow passage is a crevice around 8 m long,
0.8-1.3 m wide (to the depth of 14.5 m from the cave
entrance). Rock boulders are wedged in the bottom of this
passage. The rock discontinuities, along which the upper
and the lower levels of this passage were formed, usual-
ly have smooth surfaces and form vertical walls, local-
ly slightly wavy (A and B in Fig. 4). The walls of these

passages are covered with tectonic microforms (A in Fig.
4). As proved by other studies on the Carpathians, these
microforms indicate the occurrence and directions of tec-
tonic stresses (shear stresses) in the rock massifs, which
preceded the gravity driven mass movement (Ksigzkiew-
icz 1968, Zuchiewicz 1997a, 1997b; Mastella, Szynkaruk
1998, Szczesny 2003). There are also a few places with
speleothems (secondary mineral formations) of the drip-
stone shape which are non-carbonate (Urban et al. 2007).

The southeastern part of the Mroczna Cave (III) is
transversal to the predominant direction in the landslide
scarp. This passage is a wide crevice with vertical walls,
bending in a few places, and ultimately ending within
rock blocks and debris on both sides. It has a length of 10
m and height of 2 m. Its NE-SW course is unusual for this

cave ‘

entrance 01 2 3 4m
[ -

Parts distinguished in the Mroczna Cave:
D crevice-type part composed of the two chambers near of the cave entrance

part oriented similarly to the predominant direction in the landslide scarp
(composed of two levels - upper and lower)

I:I part transversal to the predominant direction in the landslide scarp

I:I talus-type part of the cave (near its bottom)

cutting surface **
(generalised)

landslide scarp — cutting surface *
(generalised)
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/

0 500 m
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\
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g / 2 / g

é

Fig. 3. The Mroczna Cave map with location of the main landslide scarp and cutting surface of the rock massif
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Fig. 4. Tectonic microstructures on the wall of a narrow passage (A); features related with phases indicate shear stress and relaxation
of rock massif (B)

cave, associated with a system of cracks perpendicular to
the main scarp (Fig. 3).

The last part (IV) which is located near the bottom
of the cave (15.5 m below the cave entrance) resembles
a talus-type of cave (Vitek 1983, Urban, Mochon 1991).
This is the part of the cave which is most disintegrated: it
is composed of many cavities formed among large rock
boulders of various orientation (rotated, wedged, etc.).
The narrow passages in the NW direction are connected
with the previously described 8 m high crevice (in part
II), which is parallel to the main landslide scarp (Fig. 3).

Tectonic determinants of the development
of the Mroczna Cave

The tectonic dissection of the rock massif resulted in the
formation of a joint system that contributed to the sub-
sequent development of gravity driven cutting and she-
aring surfaces. Consequently, within the mountain slopes
the rock blocks were separated from the “intact” (in situ)
parts of the rock massif, which resulted in gravitational
mass movements in these parts of the slopes. In the case
of Mt Kornuty, the main landslide scarp is also the outcrop
of in situ sandstones (as per the definition of in situ forms
by Alexandrowicz 1978). These sandstone strata general-
ly dip to the NE (N 25°) at an angle of 32—60°, opposite to
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the direction of gravitational mass movements and slope
dip. The main landslide scarp is linear and generally stra-
ight in a NW-SE direction. Toward the southeastern side
its height decreases but there is a greater disintegration of
the rock scarp, resulting in separated rock forms of sand-
stone. The contour and directional diagrams shown in Fi-
gure 5 represent measurements of a joint spatial orienta-
tion (as a summed data from several outcrops of the NW
and SE part of the main scarp). The joint orientation in the
landslide scarps of the northwestern and the southeastern
parts are different, which makes it difficult to determine
the in situ character of the main scarp; however, the joint
system in the northwestern part of this scarp is very si-
milar to the joint sets in the ridge outcrops. Cracks (rock
faces) found commonly in the scarp are generally a set
of vertical to steeply inclined (50-90°) longitudinal joints
(N 110-120°). The second joint set measured in the scarp
represents the vertical transversal joints (N 20°). These
joint sets together form a conjugated system of orthogo-
nal cracks (Fig. 5). Due to the differences in the orienta-
tion of the joint sets within the main landslide scarp, in
situ spatial orientation is difficult to identify. The spatial
orientation of the joint surfaces in the upper side walls of
the cave passages will be considered as similar to the joint
surfaces of the main landslide scarp.

Contour diagrams (equal-area plots, projection on
lower hemisphere, number of measurements, and contour
intervals are given below the diagram) and directional di-
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Fig. 5. Morphotectonic analysis of various parts of the Mroczna Cave

agrams of the joints in the upper and the lower side walls
of the cave as well as those in the main scarp. Letters and
numbers correspond to those given in Fig. 3.

In the part of the cave located next to the entrance
(part I), the cave walls are strongly tilted in the direction
of the slope dip (1 and 2 in Fig. 5). The dispersion of the
joint directions of the upper side walls is the result of a
structural disintegration of the rock massif. In this wall of
the first chamber (1a in Fig. 5), the directions (azimuths)
of the joints are represented by a longitudinal set (N 160—
180°), a transversal set (N 230°), and a diagonal set (N
250°). In the lower side wall of this chamber (1b in Fig.
5), this dispersion is reduced and limited to the predom-
inant direction of the longitudinal set (N 130—140°). In
the second chamber (2a and 2b in Fig. 5), the dispersion
of joints is smaller. In its upper side wall, the directions
(azimuths) of the joints are represented by a longitudinal
set (N 90—130°) and a transversal set (N 40-50°). In the
lower side wall of this chamber, the joint direction is re-
duced to one, a longitudinal set (145°), as a result of boul-

ders tilted at an angle of 45° (from the vertical position)
(A and B in Fig. 6).

By comparing the spatial orientation of the joint sets
of the upper and the lower side walls of the cave passages,
one can determine the type of gravity driven mass move-
ments that occurred in these passages. The difference in
the orientation of the upper and the lower side walls in the
next-to-the-entrance chamber (in part I) is distinctly illus-
trated by the different dips of the longitudinal sets in these
sides: in the upper-side wall it is almost vertical, while in
the lower-side wall it is around 60°, a difference of around
30°. It is also expressed by the difference in azimuth of the
transversal set measured in these walls: in the upper-side
wall — N 320°, while in the lower-side wall — N 335°, a
difference of 15°, which indicates a counter-clockwise ro-
tation around the vertical axis (1 and 2 in Fig. 5).

The cave part, which is oriented in the direction of
the main landslide scarp (part II), is an extensive crevice
8 m high and 1.3 m wide and divided into two segments
(passages) (Fig. 7). The ledge on the lower side wall and
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Fig. 6. The direction and type of gravitational movements (white arrows) of the rock massif framing the cave near its entrance (I)
Letters and numbers correspond to those given in Fig. 3

the corresponding overhang on the opposite wall allow
us to determine the translation at a distance of 75 cm (4a
and 4b in Fig. 7). In the walls of the upper segment (4a
and 4b in Fig. 5) the directions (azimuths) of the joints
are represented by a diversified longitudinal set (azimuth
from N 130° up to 145-150° and dip between 60° and
90°) and a more unified transversal set (N 220-230°). In
the walls of the lower segment (5a and 5b in Fig. 5) the
directions (azimuths) of the joints are represented by a
distinct longitudinal set (N 130°) and a transversal set
(N 230°). Although the main type of movement of whole
massif is here the toppling (suggested by comparison of
4a and 4b diagrams with landslide scarp diagrams in Fig.
5), the reduced frequency of vertical joints of the longitu-
dinal set in the lower side wall (5b in Fig. 5) indicates a
slight tilting of the lower side block towards the NE (in re-
lation to the upper side rock massif). It means that one of
the type of movement in the parts oriented similar to the
direction of the main landslide scarp is a slight backward
rotation (i.e., opposite to the main direction of the land-
slide and slope dip). This type of movement can transform
into a deep rotational slump of a structural nature during
the progressive disintegration of the rock massif (Fig. 8).

The third (III) part of the cave comprises the passage
which is transversal to the predominant direction in the
landslide scarp (3 in Fig. 5). This passage is framed from
both sides by boulders ex situ. The directions (azimuths)
of the joints in this passage are represented by the differ-
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ence in the orientation of the transversal sets of the walls
framing the passage, i.e., around 20° (N 50-70°) (3a and
3b in Fig. 5). Assuming the conjugation between the
movements of blocks framing the part of the cave near the
entrance (I) and the third part of the cave (III), the north
side wall of the third part can be called the “the lower side
wall.” Both the upper side as well as the lower side are
rotated at an angle of 20-30°, as a result of a clockwise
rotation around the vertical axis. Moreover, the slight dif-
ference in the dip of the joints of the transversal set in
both walls of this passage indicates a small tilting of the
lower-side block towards the NW.

In the deepest part of the Mroczna Cave (IV), sig-
nificant movements of the rock blocks framing the cave
passages have caused this part of the cave to resemble a
talus-type cave (according to Vitek’s 1983 classification).
Such an apparent disintegration of the massif in this part
of the cave makes a systematic interpretation of the move-
ments impossible.

Conclusions

The location of the Mroczna Cave is directly in the zone
of the main landslide scarp which is composed of several
cutting surfaces. The cave is situated within the set of cre-
vices that are directly connected to the rock scarp that de-
veloped due to the disintegration of this zone. The shape
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Fig. 7. The direction and type of gravitational mass movements (white arrows) within the part oriented similar to the predominant di-
rection in the landslide scarp
Letters and numbers correspond to those given in Fig. 3
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Fig. 8. Schematic model of the Mroczna Cave development

and direction of the cave passages indicate the dilatational
nature of its development along a cutting surface that se-
parates the downslope part of the massif from the main
part of the mountain massif. The Mroczna Cave was for-
med during the secondary movements following the main
phase of landslide formation, which led to the disintegra-
tion of the main scarp and the formation of the curren-
tly existing scarp. Its passages were formed (as widened,
expanded joint crevices) during subsequent disturbances
in the slope stability conditions (as has been determined
for other landslides and caves connected with them in the
Outer Carpathians, e.g. Janiga 1974, Puchejda 1989, Mar-
gielewski 1998, 2002, Margielewski, Urban 2003).

On the basis of the morphology of the cave passages,
four parts were distinguished in the cave. The comparison
of the spatial orientation of the upper and lower sides of
the cave passages allows us to reconstruct several stages
of cave development (Fig. 8) expressed in the different
gravitational movements of rock blocks. Several types of
movements were specified: toppling, backward rotation,
and rotation around the vertical axis. The spatial situation
of the part near the entrance of the cave (I) suggests that
it is directly related to the movements along the current
landslide scarp (Figs 3, 6). The cave passages perpendic-
ular to this scarp seem to be also genetically associated
with the upper part of the cave. The main movements
which led to the formation of these parts were toppling
and rotation around the vertical axis. The next stage of
cave development consisted of the formation of the pas-
sage of the second (II) part of the cave, which can be iden-
tified by the subsequent cutting surface (Figs 3, 7, 8). The
strong disintegration of the massif observed in the deepest
part (IV) of the cave suggests that the cutting surfaces ob-
served within the cave and at the ground surface come to-
gether in the deep-seated part of the massif and contribute
to the formation of the landslide shear zone.

Consequently, in accordance with Urban and Mar-
gielewski’s (2013) morphogenetic classification, the parts
close to the cave entrance and transverse to it (I and III)
represent the intermediate type, whereas the part oriented
similar to the predominant direction in the landslide scarp
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(IT) belongs to the initial type. According to the geome-
chanic criteria of this classification, most cave passages
represent the dilational type, but the deepest part (proba-
bly associated with a shear zone) can be of the dilatancy
bype.

The passage walls are covered with tectonic micro-
structures that indicate the tectonic stresses predisposing
the development of the joint sets. Therefore, these stresses
are indirectly responsible for the direction of the structur-
ally conditioned mass movements (Margielewski, Urban
2004, Margielewski 2006). In this case, the cave shape
and contours are conditioned by them.
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