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Abstract: 1 evaluate crevice-type caves in the Outer Western Carpathians from the
morphological point of view at different scales, from the overall arrangement of cave
passages within the massif, to their shape and finally to the micro-morphological
features of their walls and ceilings, using examples from the Czech part of the
Carpathians. The cave passages are typically parallel to and follow the strike of the
slope, but the passages of relatively large caves are typically fan-like arranged.
Vertically, the passages are organized at particular levels governed by lithology. They
can be staircase-shifted with each other. The gradual opening of the uppermost level
may lead to deformation of the surface terrain, however, this terrain can be entirely flat,
which gives evidence of the gravitational widening of the caves from the inside of the
massif. In cross-section, the passages are A, V, or H letter shaped, according to the type
of gravitational movement leading to their development. The various micro-
morphological features that originate from sedimentology, tectonics, gravitational
processes, and mechanical and chemical weathering sometimes mark the exposed walls

and ceilings.

INTRODUCTION

Crevice-type caves (CTCs) are one of many types of
pseudokarst caves (Bella and Gaal, 2013). They were
defined for the first time by Vitek (1983). These caves are
formed during the evolution of slope deformations and con-
sist of a system of accessible gravitationally widened joints
that form the cave passages. It means that these caves are
formed as products of gravitational processes without any
role of karstification during their evolution. For compari-
son, Gutiérrez et al. (2014) summarizes the role of the karst
processes before and during the dilation and propagation of
joints and clefts in soluble rocks.

The development of the caves is described and widely
discussed in Margielewski and Urban (2003), Panek et al.
(2010) and Lenart et al. (2014). CTCs occur in various
rock types, such as clastic rocks (Winkelhofer, 1975; Vitek,
1983; Wagner et al., 1990; Panek et al., 2010; Lenart et al.,
2014), limestones (Panek et al., 2009), chalk (Rodet, 1983),
basalts (Gaal and Gaal, 1995), granites (Finlayson, 1986),
gneisses (Demek and Kopecky, 1999), and others. Although
CTCs occur worldwide, there is a lack of investigations
evaluating the morphology of these caves. The caves com-
monly accompany landslides of various types: topples,
translational, and rotational slides and lateral spreads
(according to Varnes, 1978), both deep-seated (according
to Hutchinson, 1988) and shallow (according to Margie-
lewski, 2009) types.

CTCs are very often developed in incoherent sedimentary
flysch deposits, e.g., in sandstones and conglomerates with
intercalations of shales such as siltstones and claystones

(Wagner et al., 1990; Margielewski and Urban, 2003; Urban
and Margielewski, 2013; Lenart et al., 2014).

This paper evaluates and reviews CTCs from the mor-
phological point of view, based on examples from the flysch
belt of the Czech portion of the Western Flysch Carpathians
(Fig. 1). I extend the investigations of Margielewski and
Urban (2003), Panek et al. (2010), Urban and Margielewski
(2013), and Lenart et al. (2014). I analyze morphological
peculiarities of CTCs within gravitationally affected flysch
slopes. Using the detailed morphological and structural
data from CTCs in the Czech section of the Outer Flysch
Carpathians, this study aims to describe and evaluate
morphological features and patterns of CTCs at four differ-
ent scales: (i) overall horizontal arrangement of the pas-
sages, (i) overall vertical arrangement of the passages,
(iii)) morphology of the particular passages, and (iv) micro-
morphology of the walls and ceilings of the caves.

STUuDY AREA

Crevice-type caves were investigated in the Czech por-
tion of the Outer Flysch Carpathians (Fig. 1), which is
strongly affected by mass movements of various types. The
study area has local relief up to 600 m and is affected by
numerous deep-seated gravitational slope deformations,
mainly by structurally predisposed translational and rota-
tional landslides (Krejéi et al., 2004; Panek et al., 2011).
The Moravskoslezské Beskydy mountains (highest peak
Lysa hora, 1323 m a.s.l.) and the Javorniky mountains
(Velky Javornik: 1071 m a.s.l.) are the most distinct geo-
morphic units of that area.
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CTCs overall | small | medium| long
count 109 92 11 6
percentage 100 84 10 6

distribution of the crevice-type caves
CTCs overall small medium long
identified caves 56 41 9 6
parallel 44 31 7 6
% of parallel 78 76 78 100
non-parallel 12 10 2 0
% of non-parallel 22 24 22 0
not identified 53 51 2 0

Figure 1. Studied area in the Czech section of Outer Flysch Carpathians (shaded). Black dots indicate places with crevice-type
cave occurrence, with the longest and the deepest caves labeled: 1, Salajka Cave; 2, Cyrilka Cave; 3, Certova Dira Cave; 4,
Knéhynska Jeskyné Cave; 5, Velka Ondrasova Jeskyné Cave; 6, Nadéje Cave. Other caves mentioned in the text: 7, Velryba
Cave; 8, Kyklop Cave; 9, Na Girové I Cave. Tables give total number of caves in each size category and numbers and
percentages of caves arranged parallel and non-parallel to the strike of the slope.

The Outer Flysch Carpathians are composed primarily
of Mesozoic (Late Jurassic) to Paleogene/Neogene (early
Miocene) rocks. Several nappes were folded and thrusted
onto the foredeep in a northerly direction during the lower
and middle Miocene alpine phases. The strata predomi-
nantly consist of thick-bedded, medium-grained sandstones
or coarse-grained sandstones to conglomerates with content
of mica, glauconite, and calcareous cement, frequently
interrupted by thin-bedded intercalations of shales, such as
claystones and siltstones, with a predominant illite and ka-
olinite content. During the Miocene, the flysch massif was
strongly disrupted by joints and faults trending in several
directions (E-W, N-S, NW-SE, NE-SW and WNW-ESE).
The most important is the NW-SE direction, which corre-
sponds to the direction of regional faults. All geological
characteristics are taken from Mendik et al. (1983), Panek
and Duras (2002), Krej¢i et al. (2002), Margielewski and
Urban (2003), Krejdi et al. (2004), and Panek et al. (2011).

Mountain ridges typically are monoclinal ridges and
cuestas, structural ridges formed by more resistant strata,
and anticlinal and synclinal ridges. The northern slopes are
often steep and correspond to the frontal parts of beds,
whereas the southern slopes are long and gentle, following
the dip, ranging from SW to SE, of the bedding planes
(e.g., Mencik et al., 1983; Krejci et al., 2004).

CTC:s are considered as important geomorphic elements
of gravitationally deformed slopes. To date, more than one
hundred CTCs are known in the study area. Figure 1 shows
the distribution of the most remarkable examples localized
in the outer part of the Czech Flysch Carpathians. The
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majority of the 109 investigated CTCs (84 %) are catego-
rized as small caves up to 30 m in length, and 10 % are cate-
gorized as medium caves, with length between 30 and 100 m
and up to 30 m in depth. The remaining part (6 %) is repre-
sented by long caves, longer than 100 m or deeper than 30
m. The longest one, the Cyrilka Cave, reaches 535 m and
the deepest is the Knéhyiiska jeskyné, with the bottom at
57.5 m of depth (Wagner et al., 1990).

METHODS

To study the overall horizontal arrangement of the pas-
sages, I used the older maps of crevice-type caves published
mostly by Wagner et al. (1990). These maps were updated
and revised using a DISTO Leica A3 laser rangefinder
improved with a DistoX component (Heeb, 2008). Maps
were compared with surface topography that was measured
to high precision with a geodetic total station (Lenart et al.,
2014). Overall, the vertical arrangements of the passages
were identified on the basis of cave cross-sections. The mor-
phological character of each particular passage was deter-
mined on the basis of its detailed cross-sections combined
with the dip directions of walls and ceilings. In terms of
the strike characteristics of the sedimentary beds, the joints
and faults were classified as L (longitudinal), T (transver-
sal), and D1+D2 (two diagonal systems), a classification
according to Mastella et al., 1997, based on the relation
between the dip direction of rock layer and the direction
of joint set. The detailed micro-morphological features
were observed directly.
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Figure 2. Examples of different arrangement of the passages in crevice-type caves with or without surface manifestations: a.
CTC formed by passages that follow the strike of the slope. Note the limited topographical manifestation (Velryba Cave, the
Javorniky Mts.). b. CTC with secondary passages diagonally or transversally oriented toward the main passage. Note the
strong correlation with topography (Kyklop Cave, the Moravskoslezské Beskydy Mts.). ¢. Complicated CTC with fan-like
arrangement of the passages due to the laterally uneven gravitational movement of rock blocks. Some parts do not correlate
with the surface features (Cyrilka Cave, the Moravskoslezské Beskydy Mts.).

MORPHOLOGY

Hori1zONTAL ARRANGEMENT OF CAVE PASSAGES
Crevice-type caves consist of a system of narrow and
mutually parallel accessible crevices formed by gravitation-
ally widened joints, the orientation of which is the most
important feature controlling the direction of individual
cave passages. In many cases, the small CTCs, up to 30 m
in length, are formed by several accessible crevices that fol-
low the strike of the slope (Fig. 2a). In the case of the medi-
um-length CTCs, the main passages follow the strike of the
slope and connecting passages are diagonal or transverse to
them (Fig. 2b), according to the directions of joint sets. In
some cases, these secondary passages follow the strike-slip
fault planes (Figs. 2b and 3a). The long caves are formed
by a system of mutually parallel passages along the strike
of the slope that are connected by diagonal and transverse
passages developed along the strike-slip faults or within

the highly disrupted rock blocks (Fig. 2c). Figure 1 shows
the numbers and percentages of identified caves with pas-
sages arranged generally parallel to the strike of the slope
in each category.

The passages of the caves with lengths of more than
approximately one hundred meters are typically fan-like
arranged (Fig. 2c¢). This can result, first, due to an intersec-
tion of joint sets in two or more main directions (Fig. 3d)
or, second, from the laterally uneven gravitational move-
ment of rock blocks (Fig. 2c), so that each side of the fan
moved differently and one side is now opened more than
the other. In the first case, the largest cave rooms and pas-
sages are formed in and around the point of intersection of
the main directions of joint sets (Fig. 3d). These passages
are usually the most dissected and disturbed. In the second
case, the widest cave passages are formed in the area of
the largest opening of the fan (Fig. 2c), and these passages
often pass into a talus or boulder cave (after Vitek, 1983).
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Figure 3. Examples of different horizontal and vertical arrangements of the passages. a. crevice-type cave with strong surface
manifestations is developed along the faults passing through the massif (Certova Dira Cave, the Moravskoslezské Beskydy
Mts.). b. The cross-section of the same cave. The lowermost passages are terminated as inaccessible joints, and the vast
chambers are in the upper levels. c. Surface trench connected with the development of the Certova Dira Cave in parts a. and b.;
photo by the author. d. Fan-like arrangement of passages in a complex multilevel cave due to an intersection of two main sets of
joints (Velka Ondrasova Cave, the Moravskoslezské Beskydy Mts.). A-A’, the location of the cross-section in part f.; D 1 and
D2, the orientation of the joint sets. e. The subsidence of rock blocks within the lower level of the same cave; BP bedding plane.
Photo by the author. f. Idealized cross-section of the Velka Ondrasova Jeskyné Cave in parts d. and e. The inner rock blocks
are the most subsided. The dashed arrows connect the disrupted bedding planes.
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These parts are often disrupted by collapses, and the walls
and ceilings are mostly crushed. The directions of joint sets
here do not correlate with the prevalent directions measured
elsewhere, and the arrangement of the passages is rather
chaotic. Toward the tip of the fan, the passages become
more compact, undisturbed, and narrow (Fig. 2c). In the
study area, five out of the six long caves have fan-like pas-
sage arrangement.

VERTICAL ARRANGEMENT OF CAVE PASSAGES

Generally, 96 % of all investigated crevice-type caves
reach the maximum depth of 16 m, and only four caves
are from 30 to 57 m deep. At the cross-section perpendicular
to the strike of the slope, the CTCs are composed of narrow
and high passages, which may form levels that are con-
nected together by pits elongated in the direction of the
main joint set or by narrow openings. The vertical extent
of levels is governed by the bedding planes. However, in
the case of strictly vertically developed caves, there are
only pseudo-levels formed by boulders and debris wedged
between the walls.

Due to the lithological conditions within the massif, the
levels typically can be staircase-shifted relative to each
other. Generally, the lowermost passages are very narrow
(~ 0.1 m) and are terminated by inaccessible joints (Fig.
3b). Conversely, in the upper levels, the passages are much
wider (~1 m), are regularly shaped, accessible, and, in
some places, widened into spacious rooms (Figs. 3b and
4d). The ceilings are commonly formed from the lower bed-
ding planes. The uppermost levels are formed between the
particular disrupted and horizontally or vertically rotated
rock blocks (Fig. 4f). These levels are often affected by
rock collapses, and the ceilings are formed from the wedged
boulders or disturbed rock debris, with small openings
between particular blocks.

All fifteen medium and long caves have upper level pas-
sages wider than the lower levels. In some cases, the progres-
sive opening of the uppermost levels leads to the
deformation of the ground surface and to the formation of
surface trenches, sinkholes, or collapsed pits (Fig. 3a,c).
However, the terrain above ten out of the fifteen medium
and long caves is undisturbed and flat (Fig. 2a). This is evi-
dence of the development of widening of the caves gradually
increasing from depth to the surface.

There are two caves with huge floating inner rock blocks
in the study area. In the large cave systems (length 100 m or
depth 10 m) the staircase arrangement of levels is disorga-
nized by huge floating inner rock blocks (~10 m?), which
sag 0.1 to 1 m into the widened underground space
(Fig. 3e,f). During this vertical subsidence, these blocks
were horizontally and vertically rotated. These blocks are
usually situated within the cave systems, but even can reach
the ground surface.
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MORPHOLOGY OF THE PARTICULAR CAVE PASSAGES

The individual passages are the gravitationally widened
joints, the accessible crevices. They are regularly shaped
and high (~ 0.5 to 15 m) but relatively narrow (~ 0.5 to
1 m). Their main directions commonly follow the strike of
the slope, while a few passages follow different joint
systems.

In cross-section, the passages are A, V, or H shaped,
according to the type of gravitational movement that leads
to their development (Figs. 4a,b,c). Their bottoms are cov-
ered by a mixture of mud, sand, and debris or by larger col-
lapsed rock blocks. The walls are straight, flat, inclined 70°
to 90°, and are formed by a single rock bed or by a sequence
of thinner beds with exposed bedding planes (Fig. 4d).
Rarely, the passages are curved, probably following en
echelon joints; an example is the 5 m long curved passage
in Salajka Cave.

The ceilings are formed by the lower bedding planes of
the overlying beds, which can be flat or jointed (Fig. 4e),
or by wedged boulders with narrow intervening openings
(Fig. 4f). There are usually very thin (~1.0 cm) plastic layers
of siltstones or claystones observable between the overhead
bedding plane and the wall, separating the sandstone beds
(Fig. 4e).

MICRO-MORPHOLOGY OF THE WALLS AND CEILINGS

The rock surfaces within the caves sometimes expose
micro-morphological features that originate from the
depositional stage, tectonics, and secondary processes of
gravity and weathering.

The sandstone beds are preserved as graded bedding
with Bouma sequences, and occasionally with thin layers
of fossilized plant detritus. The ceilings of the passages are
often formed by exposed lower bedding planes, which can
be shaped by load (groove) casts (Fig. 5a), flute marks
(Fig. 5b), burrows, or markings. The oval depressions found
in Cyrilka Cave on the upper bedding plane are probably
tool marks (Fig. 6f).

The cave walls are formed by the joint surfaces. Their
shape is controlled by the tectonics. The rose diagram in
Figure 4g shows the directions of 4557 joints measured in
the caves, combined with the directions of faults (arrows).

Fault tectonics can cause the gradual opening of joints
perpendicular to the strike-slip faults and parallel to the nor-
mal faults. In several caves, some of the fault surfaces are
now exposed on the walls (Fig. 5c). These surfaces are cov-
ered by slickensides (dip ~ 0° to 15° or 80° to 90°; Fig. 5c,d).
In the faults, the slickenfibers and slickolites can occur on
the exposed walls (Fig. 5d,g). High pressure within the fault
zone can cause the formation of tectonic breccia (Fig. 5f)
and mylonitic quartz (Fig. 5e). The sense of tectonic strains
is expressed by hackle marks on the exposed walls (Fig. Sh).
The small-scale pinnate structures, which indicate the shear
sense, might be visible on rock blocks subjected to extreme
compression (Fig. 5j). Rarely, the plumose structures are
preserved on the joint planes (Fig. 5i).
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Figure 4. Morphology of the cave passages: a. H letter shaped passage caused by spreading-type movement (Velka Ondrasova
Cave, the Moravskoslezské Beskydy Mts.). b. A letter shaped passage caused by rotational movement (Salajka Cave, the

Moravskoslezské Beskydy Mts.). c. V letter shaped passage caused by toppling (Cyrilka Cave, the Moravskoslezské Beskydy
Mts.). d. An example of typical walls formed by the exposed thick sandstone beds (numbers) and thin siltstone or claystone
layers (arrows) Certova Dira Cave, the Moravskoslezské Beskydy Mts.). e. Exposed flat ceiling formed by the base of a bed in
Cyrilka Cave (the Moravskoslezské Beskydy Mts.) with plastic layers of siltstones or claystones between the overhead bedding
plane and the wall. f. A ceiling formed by wedged boulders. Note the morphology of the walls shaped by the sandstone beds (the

upper level in Knéhynska Cave, the Moravskoslezské Beskydy Mts.). g. Rose diagram of 4557 measurements of joints within
the caves, with arrows indicating the directions of faults taken from the geological maps.
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Figure 5. Micro-morphology of walls and ceilings of some crevice-type caves: a. Load casts. b. Flute marks; white arrow shows
the current direction. c. Fault surface with marked direction of slickensides. d. Slickensides (direction indicated by double
arrow) with slickenfibers (simple arrow). e. Mylonitic quartzite. f. Tectonic breccia infilling a crack, g. Slickolites. h. Hackle
marks. i. Plumose structure with ripple marks (white arrow). j. Pinnate fractures indicating shear stress. a. Velka Ondrasova
Cave (the Moravskoslezské Beskydy Mts.). b,. f., g., h., i., j. Knéhyiiska Cave (the Moravskoslezské Beskydy Mts.). c., e.
Certova Dira Cave (the Moravskoslezské Beskydy Mts.); d. Cyrilka Cave (the Moravskoslezské Beskydy Mts.).
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Figure 6. Micro-morphology of walls and ceilings of some crevice-type caves: a. Gravitationally caused striae; black arrow
shows the direction of movement. b. Fold-like structure induced by the subsidence of shale layer into the gravitationally widened
crack below the picture. c. Soda-straw-like stalactites. d. Ironstone balls. e. Holes from eroded coarse-grained layer sections. f.
Tool marks (small-scale impact craters in the top of bed). g. Erosional surface after fallen out clasts. h. Holes in the solid rock
due to dripping water. i. Consequent slickensides on the bottom of bed. j. Gravitationally induced fold. k. Soda-straw-like
stalactites with mud content. a. Na Girové I Cave (the Jablunkovské mezihofi highland); b. Knéhynska Cave (the
Moravskoslezské Beskydy Mts.). c. d. inset, e., f., g., h. Cyrilka Cave (the Moravskosleszké Beskydy Mits.). d. Velka
Ondrasova Cave (the Moravskoslezské Beskydy Mts.). i., Wislanska Cave (the Beskid Slaski Mts., Poland, outside the study
region); j., k. Pod SpiSskou Cave (the Levo¢ské vrchy Mts. Slovakia, outside the study region).
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Recent gravitational processes, such as rock collapses,
caused the formation of fresh erosive surfaces and striae
on the walls (length: ~ 10 cm; Fig. 6a). The plastic siltstones
and claystones are occasionally gravitationally folded. This
arises either from the sinking of sandstone beds up to several
meters thick into the thin (up to 0.2 m), plastic shale layers
that are then pushed away and folded, or from subsidence
of the shale layers into the gravitationally widened cracks
(Fig. 6b).

Some parts of caves are modified by mechanical and chem-
ical erosion. Due to presence of a variety of compositions of
the beds in sedimentary flysch deposits, the weathering of
exposed rocks within the passages is irregular. This is visible
in the cave walls, where some sequences of beds, or only
some sections, erode faster than others. This is especially
true for the conglomerate or coarse-grained sandstone
layers (Fig. 4d). In the walls, there are holes with erosion sur-
faces, formed from eroded coarse-grained layer sections
(Fig. 6e,g) or intraclasts. The erosion sporadically exposes
ferrolites, such as ironstone balls (Fig. 6d) or limestones
and exotic blocks. Holes around 2 or 3 ¢cm in diameter pro-
duced by dripping water are formed in the unconsolidated
sediments and in rigid rock (Fig. 6h).

The solid walls are covered by thin (~0.1 mm) layers of
clayey mud that originate from the weathered siltstones and
claystones. On well-preserved walls, this mud is sometimes
formed into a small mud flowstones. Clayey mud, in con-
junction with the calcareous cement from the sandstones,
can form small sinter films or fragile soda-straw-like stalac-
tites (length: ~ 1 to 10 cm; Fig. 6¢) that have been described
from four places within two caves in the study area (Wagner
et al., 1990). Mineral iron coatings occasionally, though
rarely, cover the walls.

DiscussioN

In contrast with karst caves, which are formed in connec-
tion with the slope movement evolution under the influence
of karst dissolution (Gutiérrez et al., 2014), the crevice-type
caves are products of gravitational processes without any
dissolution.

Although the CTCs occur in various types of rocks, the
examples in flysch sediments have many peculiarities. In
the sense of the overall horizontal arrangement of the pas-
sages, their organization is controlled by the gravitational
development of the landslide body. The formation of cave
passages between blocks is conditioned by the discontinu-
ities in the rock mass, lithological boundaries and bedding
planes, while the directions of passages typically follow
faults and joints. The gravitational processes tend to create
passages typically parallel to the strike of the slope (Figs. 2
and 3). This arrangement has been observed at many other
crevice-cave sites (Wagner et al., 1990; Demek and
Kopecky, 1999; Margielewski and Urban, 2003; Majernic-
kova et al., 2005; Margielewski et al., 2007) and is caused
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by the lithological properties of rocks, tectonics, and mor-
phometry of relief. The passages can also form parallel to
the sloping ridge, as in the case of the Diabla Dziura w
Bukowcu Cave (Polish Outer Carpathians; Margielewski
and Urban, 2004).

Recent measurements show that the dilatation rate of the
joints reaches ~ 0.01 mm/year (Petro et al., 2011; Klimes
et al., 2012). Baron et al. (2003) measured dilatation rates
as high as 0.01 to 1 mm/month. Although the movements
within the crevices are measurable, we still do not know
whether the caves were formed by slow movements or dur-
ing sudden short events, such as catastrophic landslides.
Apparently, the regular network of sub-parallel passages is
established during the progressive movement of particular
rock blocks, but sudden movement cannot be excluded.

Along with the continuous release of the massif, the
joints that are diagonal and perpendicular to the slope are
also widened. The zone of joint widening is often laterally
limited by the strike-slip faults (Figs. 2 and 3). Within the
landslide body, the sliding movements and release of rocks
are unevenly distributed. Recently measured vertical and
horizontal rotations of the rock blocks (Petro et al., 2011),
together with the uneven movements within the bulk of
the landslide body, cause the irregular opening of the pas-
sages that is typical for most of the caves. This long-lasting
evolution leads to the formation of the fan-like arrangement
of the passages observed in plan view (Figs. 2¢ and 3d). A
similar arrangement may develop when the widening of
joints occurs in more than one direction; these directions
may intersect to form the resulting arrangement. The fan-
like feature is recognized at many other crevice-cave sites
(Margielewski and Urban, 2004; Majernickova et al.,
2005; Margielewski et al., 2007; Szura, 2010; Lenart et al.,
2014). In the case of the largest CTCs, there can be more
than one fan-like zone compounded and connected together
(Margielewski et al., 2007).

The cave passage network is limited and directed by the
lithological boundaries (bedding planes) and joints. Along
these discontinuities, the vertical levels are typically stair-
case-shifted (Fig. 3e). This shifting is known from other
localities in the Polish and Slovak flysch Carpathians (Mar-
gielewski and Urban, 2003, 2004; Imrich et al., 2007). Parti-
cular levels usually show small and narrow connections
(Fig. 3b). According to the main gravitational processes
forming the cave, the width of the passages can change sig-
nificantly from level to level. Although the lowermost pas-
sages are usually very narrow and the uppermost passages
are wide, there are exceptions, where the widest passages
are formed at greater depth (Imrich et al., 2007; Lenart et al.,
2014). This might be caused by the character of the move-
ments and also by the lithology. In the case of horizontally
fan-like arranged passages ordered at several levels, the
innermost rock blocks, which are wedged between the pas-
sages of the fan, typically have subsided into the space left
by the gravitational release of the massif. This feature is
also manifested in the vertical cross-section (Fig. 3f; Lenart
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et al., 2014). At the cross-section along the strike of the
slope, the levels are not strictly horizontal along the profile.
The benches of the passages often descend or ascend into the
massif (Margielewski and Urban, 2004; Margielewski
et al., 2007).

Regarding the morphology of the passages, the A, V, or
H letter shape of the cross-sections is also typical for CTCs
described from other localities (Self, 1985; Margielewski
and Urban, 2004; Majernickova et al., 2005). The specific
shape is a result of the particular movement of two adjacent
rock blocks (Lenart et al., 2014). The walls are usually ver-
tically dissected by the particular beds, but they may also be
flat, formed in a single thick bed (e.g., Imrich et al., 2007),
or even curved (e.g., Margielewski and Urban, 2003).

Although the CTCs are not as rich in microforms as the
classic karst caves, such features can be found at many cave
localities. The most common microforms are Riedel shear
structures on the walls. More unusual are hackle marks
(ribbed or fringe structures), which are also known from
other CTCs (e.g., Margielewski and Urban, 2004). I regis-
tered the pinnate structures in the Jaskynia Pod Spisskou, in
the Levocské vrchy Mts., Inner Flysch Carpathians, Slova-
kia, where the tectonically predisposed slickensides and fault
surfaces along the fault zones occur on the exposed walls. In
the Jaskinia Wislarska, in the Beskid Slaski Mts., Poland,
these slickensides also occur on the exposed lower bedding
planes (Fig. 6i,) and thus, might be gravitationally predis-
posed. Margielewski et al. (2008) described spectacular grav-
itationally induced folds in the plastic shale layers from the
Jaskinia Miecharska, in the Beskid Slaski Mts., Poland.
Gravitationally induced folds, as well as holes formed from
eroded intraclasts, groove casts, and small soda-straw-like
stalactites up to 10 to 12 cm in length (Imrich et al., 2007,
Majernickova et al., 2005; Fig. 6k) are known from the Jas-
kynia Pod Spisskou, in the Levo¢ské vrchy Mts., Inner Flysch
Carpathians, Slovakia (Fig. 6j). Those stalactites are the
most similar to those observed in this study.

Various types of other speleothems (stalactites, helictites,
draperies, flowstone sheetings, moonmilk, crusts, microstro-
matolites, mud flowstones, etc.) are described from the Pol-
ish part of the Flysch Carpathians (Urban et al., 2007;
Margielewski et al., 2008; Gradziriski et al., 2010). Margie-
lewski and Urban (2004) describe the iron mineral coatings
on the exposed walls. Other speleothems described by
Urban et al. (2007) include small calcite stalactities, moon-
milk, and gypsum-calcite crusts or stalactites formed by
amorphous substances with the participation of silica.
Gradziniski et al. (2010) describe the role of trapping and
binding of siliciclastic detrital particles in microstromato-
lites by bacteria.

Majernickova et al. (2005) found the carbonized remains
of plants in the rocks forming the walls. Margielewski et al.
(2008) describe various fluvial forms, such as bedforms,
sandy mud sediments and ferruginous coatings in the
streambed, from the Jaskinia Miecharska cave, the Beskid
Slaski Mts., Poland.
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CONCLUSIONS

Some of the observations concerning crevice-type caves
in flysch deposits have been published earlier by previous
scholars. This paper is a recapitulation of these observations
in the Czech portion of the Outer Flysch Carpathians.

Although the crevice-type caves seem to be composed of
chaotically organized underground passages of free space
between rock blocks, the results of investigations suggest
certain rules in the resulting arrangement, composition,
and geometry of the passages. I investigated crevice-type
caves in the area of Czech Outer Carpathians from the mor-
phological point of view. According to the results, the main
passages are typically parallel to each other and to the strike
of the slope. The passages of the large caves are typically
fan-like arranged due to an intersection of joint sets or to
the nonuniform gravitational movement of the landslide
body, where one side is opened more than the other. The
passages become more undisrupted and narrow toward the
tip of the fan.

Vertically, the passages are organized into levels, strictly
governed by lithology, and connected together by elon-
gated, but narrow, openings. Due to the lithological condi-
tions within the massif, these levels can be typically
staircase shifted. Toward the ground surface, there is usually
detectable growth of the breakage of the massif and the
amount of displacement of joints increases; the uppermost
levels are often formed among open rock blocks. The grad-
ual opening of the uppermost level may lead to the defor-
mation of superficial terrain by trenches or sinkholes. The
terrain above the caves may also be flat, which is evidence
of the gravitational widening of the caves from within the
massif. In the large caves, the arrangement of the levels is
chaotic due to subsided rock blocks.

In cross-section, the passages are A, V, or H letter
shaped, according to the type of gravitational movement
leading to their development. The exposed rock surfaces
are sometimes marked by various micro-morphological fea-
tures originating from the sedimentary structures, tectonics,
gravitational processes, and mechanical and chemical
weathering processes.

Although the crevice-type caves are not as actively studied
as karst caves, they represent a specific, and often unexpectedly
frequent, phenomenon in terrain affected by slope deforma-
tions. The investigations show that the evolution of crevice-
type caves is controlled by a true landslide behavior. Finally,
this behavior drives the resulting morphology of the caves.
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