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Abstract: The numerous landslides which have developed in the mostly Cretaceous to Eocene turbiditic rocks of
the Silesian Beskid are genetically and geometrically controlled by bedrock structural features, the Biata Wisel-
ka Landslide Complex being no exception. Its location is in the headwater area of the Wista River, on the slopes
of Mt. Barania Géra (1220 m a.s.1.). The bedrock is represented by flysch strata of the Silesian Nappe (Outer Car-
pathian Fold-and-Thrust Belt), or, more specifically, the Upper Cretaceous turbiditic Upper Godula and Lower
Istebna Beds of the Godula Thrust Sheet. The research work consisted in their mapping and structural analysis,
facilitated by the use of a high-resolution digital elevation model based on LiDAR data. A comparative analysis
enabled the determination of the relationships between landslides and the bedrock structure. The study results
point to significant roles being played by the joint network, fault systems, the structural arrangement and the li-
thology of rock strata in the initiation and evolution of the studied landslide complex. An additional result of the
methods applied methods was the identification and characterization of previously unknown fault zones in the
study area.
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The formation factors are differentiated as active
and passive (Bober 1984, Thiel 1989, Zabuski et
al. 1999). Passive factors are the morphological
features of the slope (e.g. length and inclination)

INTRODUCTION

Globally, landslides cause significant losses and
pose considerable danger to properties, infrastruc-

ture and life in many regions (Cata 2009, Wojcik
& Wojciechowski 2016). For these reasons they are
subject to interdisciplinary research including es-
pecially geological, geomorphological and geoen-
gineering. The research is carried out on different
aspects of the landslides, among others: mapping,
formation conditions, statistical risk analysis,
monitoring of the dynamics, as well as stabiliza-
tion and prevention. The results of the research are
highly practical. Management of landslide-prone
areas requires an understanding of the causes
and processes that lead to landslide formation.

and the geological structure and characteristics
(e.g. lithology, dip and strike of the beds, tectonic
structures). A particular aspect of the research on
geological factors of landslide formation is their li-
thology, as well as the tectonic characteristics of
the bedrock. The study of these specific features
provides very interesting and scientifically mean-
ingful information that allows us to understand
better landslides in mountainous regions.
Attempts to link landslide formation with
the lithostratigraphic and tectonic characteris-
tics of the bedrock in various regions of the Outer
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Carpathians are present in the literature (Bober
& Oszczypko 1975, Mastella 1975, Bober & Wéj-
cik 1977, Nemcok 1982, Bober 1984, 1990, W¢j-
cik & Zimnal 1996, Wéjcik 1997, Margielewski
1998b, 2001a, 2002, 2006, Margielewski & Ur-
ban 2003). Some of these studies focused on the
Silesian Beskids area (Zietara 1964, 1968, 1988,
Zigtara & Bajgier 1989, Bajgier-Kowalska 1996,
Margielewski & Urban 2000, Margielewski 2004,
Margielewski et al. 2007, 2008, Panek et al. 2010,
2011, Sikora & Piotrowski 2013d).

The specific characteristics of the bedrock in
the Silesian Beskids area, where over 950 land-
slides have been recorded (source: Landslides
Counteracting System - SOPO database), has
a strong impact on their geometry and size. The
numerous landslides in this area attain significant
dimensions and, when closely adjacent to one an-
other, constitute so called landslide complexes.
Moreover these landslides were often reactivated
and its surface morphology is a results of multi-
stage slope deformation. The paper presents the re-
sults of research aimed at finding the relationship
between the formations of the bedrock structure
within the area of Mt. Barania Géra (1220 m a.s.l.)
in the Silesian Beskid. The spatial and geometri-
cal relationships between morphological features

(escarpments, tension rifts) and joints and faults
present within the rock mass, as well as variations
in lithology, have been thoroughly document-
ed within the Biala Wisetka Landslide Complex
(BWLC). It is one of the largest and most interest-
ing landslide complexes in the Western Carpathi-
ans, and provides an exemplary area for this type
of study and the testing of the methodology. The
results presented in this paper are a development
of those put forward earlier by the author and dis-
cussed at several conferences (Sikora 2014a, 2014b,
2015, 2017).

GEOLOGICAL AND
STRUCTURAL SETTING

The studied landslide complex is located in the
Mt. Barania Gora range, belonging to Silesian
Beskid in the Outer Western Carpathians (OWC)
(Starkel 1972). The research was carried out on
Wisla river headwater area (in the valleys of Czarna
Wisetka, Biala Wisetka, Malinka and Gosciejow
streams) that spreads over the western slopes of
the Mt. Barania Gora (1220 m a.s.1) range. Several
promontories expand from the range towards the
west in a fork-shaped pattern of valleys and crests.

Carpathian tectonic units

|:| Transgressive Miocene l:l Sub-Silesian Unit l:l Magura Unit

[ Zgtobice Unit B Sitesian Unit [ PieninyKlippen Belt
l:l Stebnik Unit E Fore-Magura Unit \: Podhale Flysch
l:l Skole Unit - Dukla Unit - Inner Carpathian units
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~vv Overthrust of Carpathian nappes D Location of study area

Overthrusts

Fig. 1. Location of the study area on the map of the Polish part of the Flysch Carpatians (after Zytko et al. 1989, Oszczypko et al.

2008, simplified)

https://journals.agh.edu.pl/geol



Structural control on the initiation and development of the Biata Wisetka Landslide Complex...

33

The Biala Wisetka Landslide Complex (BWLC)
stretches along the southern slope of the Cienkéw
promontory. The Biala Wiselka Stream flows
along the foot of the slope, and its valley separates
the Cienkéw promontory from the Mt. Barania
Gora range in the south.

Geologically, the studied complex is in the area
of Silesian Beskid Block of the Outer Carpathians
(Fig. 1) (Ksigzkiewicz 1953, 1972), within the Godu-
la Thrust Sheet of the Silesian Nappe (Nowak 1927).

Under the terrain surface there are Upper Cre-
taceous (Santonian-Campanian - Stomka 1995,
Golonka & Krobicki 2017) sandstones and shales
of the Upper Godula Beds (Fig. 2A, B), with an

insertion of the Malinéw Conglomerate at the top
of the beds (Burtan et al. 1937, 1959, Burtan 1972,
1973, Nescieruk & Wojcik 2016). Sandstones and
conglomerates of the Lower Istebna Beds (Cam-
panian & Unrug 1963, Nescieruk & Szydio 2003)
overlie this complex in a conformable contact. The
sandstones and shales of the Upper Godula Beds
appear thin-bedded, while the Malinéw Con-
glomerate and Istebna Beds parts of the profile are
thick-bedded.

Structurally, the studied area is located on the
southern limb of the Szczyrk anticline, where
the rock strata are dipping towards the south
and south-west at an angle 10-30° (Fig. 2A, C).
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Fig. 2. Geological sketch map of the study area (A); simplified lithostratigraphical profile of the rock series in the study area (B);
cross-section of the study area (C) (based on Burtan 1937, 1972, Nescieruk & Wéjcik 2016, simplified)
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As a result of this structural position, the Upper
Godula Beds are predominant in the northern
part of the area, whereas the southern part rests
entirely on the Lower Istebna Beds.

The Detailed Geological Map of Poland at
1:50 000 (SmgP) scale, shows several faults at
NE-SW, NW-SE and NNW-SSE directions in the
research area (Wojcik & Nescieruk 2016). The lon-
gest of them cuts across the central part of the area
along a NNW-SSE direction, and its SSE section
crosses the western part of the BWLC (Fig. 2A).

The position of the tectonic joint systems respec-
tive to folds in the Outer Carpathians has been the
subject of studies by, among others, Ksigzkiewicz
(1968), Tokarski (1975), Aleksandrowski (1985,
1989) and Mastella et al. (1997). A comprehensive

model of the initiation, evolution and final open-
ing of regional and local joint sets and systems in
relation to the structural history of folding, thrust-
ing and uplift stages was developed by Aleksand-
rowski (1985, 1989) in the Mt. Babia Géra region of
the Magura Nappe. This model, which had expand-
ed Ksigzkiewicz’s (1968) earlier results and comple-
mented them with genetic and mechanical expla-
nations, was found to also be applicable in other
areas of the Polish Outer Carpathians. It was later
applied to the western part of the Silesian Nappe
by Mastella and Konon (2002), after changing the
nomenclature for some joint systems, and further
modified by Tomaszczyk (2005) for the area of the
Silesian Beskid by supplementing it with an addi-
tional local joint set L" (Fig. 3).

G1(SL, SR) \

Joints sets symbols

Diagonal system: Sr — fold-oblique dextral sets, St — fold-oblique sinistral sets;
Orthogonal system: L, L’, L” — fold-parallel and subparallel, longitudinal set, T — cross-fold, transverse set

Fig. 3. Joint set system in a folded sandstone layer (after Ksigzkiewicz 1968, modified by Mastella & Konon 2002) (A); diagram-
matic representation of representative joint sets and systems and the position of prefolding o, stress vector in the western part of
the Silesian Nappe (after Mastella and Konon 2002, amended by Tomaszczyk 2005) (B)

METHODS

A map of landslides was elaborated (in accord-
ance with Polish Geological Institute Guidelines,
Grabowski et al. 2008) based on site investiga-
tions. All tectonic structures (joint sets and sys-
tems, faults, minor folds) were also charted by

observations and measurements in bedrock out-
crops. Particular attention was paid to outcrops
located beyond landslide contours and to those
exposing the bedrock in landslide escarpments,
providing structural information which was un-
affected by reorientation due to mass movements.
Also recorded were small-scale features on the
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surfaces of joints and faults, such as plumose or
concentric structures, slickenside striations,
transverse steps on slickensided surfaces and re-
lated echelon Riedel cracks etc., that could reveal
the kinematics and regime of the bedrock defor-
mation. Parallel to the site investigation, an anal-
ysis of the high-resolution digital elevation model
(DEM) derived from a LiDAR survey (obtained
from ISOK database) was carried out. The analy-
sis was performed using the Global Mapper Ver.
16 program, and considering the suggestions by
Ozimkowski (2010) and Wojciechowski (2009) re-
lated to the illumination parameters to be used in
the model. Morphologically, the objective of DEM
analysis was to precisely define the extent and
boundaries of the landslides, and their topography

elements such as escarpments and tension cracks.
The surface features were then interpreted as a re-
flection of the underlying bedrock structure. For
this purpose, the lineaments were identified and
marked on the map at 1:10,000 scale, from which
the lineaments density chart was derived. A gen-
eral procedure is presented in Figure 4 (Sikora
2016, 2017). The measurements of the structures
identified in the outcrops together with the struc-
tures interpreted on DEM were subject to statis-
tical analysis. Rosette strike diagrams, as well as
circle and contour plots on Schmidt’s stereonet,
were produced (using the Fabric 8 program). The
obtained results were compared with data known
from other studies and with the available maps of
landslides.
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Fig. 4. The applied procedure of the study consisting of various research methods (Sikora 2017)
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RESULTS

Landslide occurrence in the study area

There were 172 landslides identified in the
62.50 km? study area (Fig. 5) (Sikora & Piotrowski
2013a, 2013b). Considering the area of landslides
totaling 14.44 km’, the terrain of the study was
subject to intense mass movements. Its landslide
index, defined as a ratio of landslide to the total
area, is 23%, i.e. one of the highest in the Polish
part of the Carpathians. Many of the landslides
arevery close to each other and difficult to separate
them. Therefore, several landslide complexes were
identified. The Biata Wisetka Landslide Complex
is one of the largest and occupies 2.24 km”* (Fig. 6).
The other landslide complexes are, e.g. those of

Czarna Wisetka, Kaskady Rodla, Gosciejow and
Malinéw (Figs. 5, 7).

Characteristics
of the Biala Wiselka Landslide Complex

The landslide in the Biala Wiselka valley is one of
two marked by Burtan (1972) on map sheet Wista
SmgP. Itis further detailed on the landslides map re-
sulting from the SOPO project (Sikora & Piotrowski
2013a) as a complex of six landslides (Fig. 6).
Therefore, it was categorized as a landslide com-
plex and named the Biala Wisetka Landslide Com-
plex (Sikora 2013). The morphology of the BWLC is
well-pronounced when presented on a digital eleva-
tion model (Fig. 8), that allowed for the accurate de-
termination of its morphometric parameters (Tab. 1).
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Table 1
Basic morphometric parameters of the Biata Wisetka Landslide Complex calculated using the Digital Elevation Model from
Lidar data
Peri- . Width Azi- Average ‘Max- Average Minimum | Maximum
Area Lenght* | Width* to imum slope . .
) meter muth* slope elevation | elevation
[km?] [km] [km] [km] length ] €l slope aspect (m a.s.L] [ma.s.L]
ratio €] el sl .s.L
2.42 8.098 0.726 3.1 4:1 165 19 90 183 581 919

* In center of landslide axis.

It needs to be highlighted that some sections
of the main escarpments reach 40 m and locally
50 m of height. Furthermore, there were 360 mi-
nor escarpments of various heights identified
within the BWLC. The highest of them are locat-
ed in the upper part of the BWLC and they are
approximately parallel to the main escarpment.
Tension cracks are frequent at the foot of the high-
est escarpments. The main and secondary escarp-
ments, as well as the tension cracks, are compara-
tively long and directed WSW-ENE (Figs. 6, 8). At
several locations, the generally straight alignment
of the escarpments and cracks abruptly changes
to NNW-SSE, which is a predominant direction
in the western part of the BWLC. The character-
istic morphometric feature of the BWLC is the
width to length ratio of 4:1, measured at the axis
of the Complex. The geometrical regularity of the
escarpments and cracks is apparent on the DEM
chart. It is demonstrated further in this paper that

this regularity, and the width of the BWLC, are
determined by structural elements of the under-
lying bedrock.

Several types of mass movement effects dat-
ing back to the formation stage of the Complex,
and of those currently active, were identified with-
in the BWLC. Apart from translational slide fea-
tures that are easily noticeable in the upper part
of the Complex, also identified were the results of
other processes, such as rock falling or toppling
(Figs. 9, 10). They led to rock debris accumula-
tions; significantly large at some locations (Sikora
& Piotrowski 2013c). Landslide processes are still
active in the frontal part of the Complex which
toe is more than 10 m high at some locations. The
landslides found within the Complex are classi-
fied as a deep-seated category (Hutchinson 1995).
The analyses presented further in this paper per-
mits the presumption that the basal slip surfaces
are listric and of a cylindrical shape (Fig. 10). This

Geology, Geophysics and Environment, 2018, 44 (1): 19-48
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shape indicates that a large part of the sliding mo-
tion was of the rotational type, whereas the oth-
er landslide types mentioned earlier are second-
ary and occurred after the rotational movement.
It should be noted that rotational slip is typical of
many large landslides in the Carpathians (Mar-
gielewski 2001, 2009). Variability of the slope fail-
ure types allows the categorization of the BWLC
as a compound landslide (Hutchinson 1995, Cro-
sta 1996, Dikau et al. 1996, Cruden & Varnes
1996). In accordance with the guidelines for the
documentation of landslides (Grabowski et al.
2008), the BWLC can be classified as a complex of
rock landslides with a compound (variable) mo-
tion whose colluvium consists mainly of detrital
blocky rock debris. The compound motion indi-
cates that the sliding motion was parallel to or
controlled by genetically different structural fea-
tures, such as bedding, joints and/or faults. After
the proposition of Hungr at al. (2014), the BWLC
should be classified as a rock slope deformation.

Structural interpretation

The generated lineament map and lineaments
density map of the research area revealed the ex-
istence of the zones of high concentration of line-
aments. Superimposing these maps onto the land-
slides maps exposed the close agreement between
the landslide areas and zones with a high density
of lineaments (Fig. 7). The BWLC area represents
one of the areas showing this coincidence.

The analysis of DEM discerned 526 lineaments
on the BWLC area (Fig. 8). The rose diagram shows
several prevailing orientations of the lineaments.
The comparison of the diagram and the model
of the main joint systems in the Silesian Beskids
(Fig. 8B) reveals a high correlation between these
two. The most prominent lineament directions are
WSW-ENE, WWS-EEN and NW-SE that corre-
spond with sets L, L'and T of the orthogonal joint
system (the characters of the nomenclature used for
joint sets and systems is assumed after Mastella &
Konon 2002). The lineaments of general NE-SW di-
rection are much less frequent on the strike diagram
that corresponds to the joint set L" distinguished by
Tomaszczyk (2005), and NNW-SSE direction that
agrees with the diagonal joint set S,. The joint sys-
tems orientation interpreted from DEM is confirmed
by measurements in the outcrops conducted on site.

The morphological lineaments of the BWLC,
i.e. escarpments and tension cracks, are consistent
with the main joint systems. Several of them can be
interpreted structurally as fault planes and tension
crackswhich developed parallel to thejointset Lare
associated with them (Figs. 8-10). The genetic link
of the landslides escarpments with faults is proved
by the length of the rectilinear stretches of the for-
mer, reaching in many cases up to 800 m, as well
as by their 30-40 m height, locally reaching 50 m.
In addition, the visibly parallel position of the up-
permost escarpments likely reflects the presence of
several mutually parallel slip planes underneath.

lineaments density
km/km'

32

28

24

11111

Fig. 7. Comparison of landslide map (A) with that of lineaments density (B) in the research area (Sikora 2017)
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Fig. 8. Digital elevation model (LiDAR-based) of the Biata Wisetka Landslide Complex (BWLC) with lineaments interpreta-
tion (A); scheme of regional joint sets orientation in research area (Tomaszczyk 2005) (B); rose diagram of the lineaments ori-
entation in BWLC area (C)
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Fig. 9. Structural interpretation of the Biata Wisetka Landslide Complex with examples of geological structures and morpholog-
ical elements illustrated on DEM based on LiDAR data
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Structurally, the abrupt changes of the strikes of
the uppermost escarpments into NW-SE charted
are related to the presence of the joint set T, and they
are likely to be a result of dextral, normal-slip trans-
formation of the displacements developed along the
joint set L. In the text below, the colluvium of the

Tension

BWLC is assumed to represent a downthrown side
of a normal fault, and the particular colluvium ele-
ments to represent blocks downthrown and rotated
on secondary slip surfaces. There are eight blocks
of this kind interpreted on the hypothetical section
across the eastern part of the Complex (Figs. 8, 11).
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Fig. 10. Photos (located in Figure 9) showing the typical morphological elements of the Biata Wisetka Landslide Complex and
bedrock outcrops with tectonic structures. View of the main scarp (main fault surface). Lower Istebna Beds (A). Joints and ten-
sion cracks in footwall. Main scarp crosses the section view. Lower Istebna Beds. Red arrow shows present translation sliding
direction of the block (B). Fractures and tension cracks on the main scarp surface. Sandstones and conglomerates of the Lower
Istebna Beds (C). Blocks of the Lower Istebna sandstones in landslide colluvium (D). Tension crack at the foot of minor scarp (E).
Densely cracked rocks of the Upper Godula Beds. Outcrop in front of landslide toe. Biata Wisetka Valley (F)
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This interpretation, together with the inferred
shape and extent of the slip surfaces at depth in-
dicates the listric shape of the major and second-
ary fault slip surfaces. At the deepest parts of the
landslides they typically reach slightly below the
local erosion base level that varies between 578
and 743 m a.s.l. at the toe of the Complex. The
listric shape of the slip surfaces can explain the
rotational displacements of individual blocks in
the hanging wall. Based on the kinematics of the

landslide processes, a zone of extensional regime
can be assumed in the upper part of the BWLC,
while in the lower, distal part of the Complex -
a zone of compressional regime. The extension-
al conditions manifest themselves in the devel-
opment of escarpments and cracks, whereas the
compression in the distal part led to an accumu-
lation of rock material and the formation of the
high front of the landslide (Debacker et al. 2009,
Davis et al. 2011).
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Fig. 11. Structural interpretation of the Biata Wisetka Landslide Complex on a schematic cross-section, assuming a listric na-
ture of the basal teachment and break-away fault, several sliding rotating blocks in the hanging wall

The jointing of the rock mass and conform-
able position of the rock bedding with respect to
the slope, are the factors determining the character
of gravitational displacements. Translational slides
occur along rock layers, while the steep (locally
vertical), up to several tens meters high, rocky es-
carpments are prone to toppling and rockfalls. The
spacing of joints in the Carpathian flysch rocks is
generally close to the thickness of the beds (cf. Mas-
tella 1972). This tendency can also be observed in
the research area: thin-bedded Upper Godula Beds
show well developed, regular and closely spaced
jointing, whereas in the thick-bedded Lower Isteb-
na Beds the spacing of joints is much wider. During
mass movement, the thick-bedded rock beds rest-
ing on thin-layered rock mass undergo fragmen-
tation into blocks. Because of this process, large
accumulations of blocky debris are found in the

landslide colluvium. The movement of the land-
slide conforming to the geological structures and
the blocky character of the colluvium may lead to
the formation of caves within the colluvium. Elev-
en small voids of the well and shelter types have
been documented so far within the BWLC (source:
jaskiniepolski.pgi.gov.pl). Broader research on
caves in the Silesian Beskids proves the causal link
between them, the landslides and the rock massif
structure (Tomaszczyk 2005, Margielewski et. al.
2007), hence the presence of larger caves in the
BWLC cannot be excluded. Caves are found in
many colluvia in the research area. The Miecharska
cave on the western slope of the Malinowska Skata
and the Wislanska cave in the Malinéw Landslide
Complex are the largest known caves in the Polish
part of the Flysch Carpathians (Margielewski at al.
2007, 2008, Szura 2007, 2010, Urban et al. 2010).
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DISCUSSION

Landslide processes result from of a number of
factors acting on the slopes. However, they are
largely controlled by lithology and the structure of
the rock massif. The morphology of slopes affect-
ed by landslides in the Carpathians often show es-
carpments and cracks of characteristic rectiline-
ar strikes. The attempt to determine a relationship
between the formation of the Biata Wisetka Land-
slide Complex, the development of such of its ele-
ments as escarpments or tension cracks and the li-
thology and structure of bedrock yielded positive
results. The results were obtained using research
methods elaborated specifically for the purpose
(Sikora 2016).

A high concentration of lineaments was docu-
mented in the BWLC and proved that their orien-
tation corresponding with the regional joint sets.
Furthermore, the escarpments and tension cracks
in the studied landslide complex reflect the pres-
ence of lineaments. Analysis of the site informa-
tion, available cartographic documentation and
the digital elevation model (on GIS platform) ob-
tained from LiDAR survey proved the relationships
to be very strong. According to Aleksandrows-
ki (1985, 1989) the jointing systems in the Outer
Western Carpathians formed (were initiated) due
to shearing (S, and S, sets) and contraction/exten-
sion (L, L'and T sets), caused by early, folding-re-
lated layer-parallel shortening of the rock strata.
The strain effects were stored in the deeply buried
rocks mostly as structural anisotropy directions
defined by preferentially oriented trains of mi-
crocracks. After the folding and during syn- and
late-orogenic uplift, the joints massively developed
at shallow depths as extensional features, propa-
gating along the microcrack trains. As such, they
constitute natural structural planes along which
the rock mass splits under gravitational forces. As
a consequence, the mountain slopes with bedrock
showing high intensity of jointing are particularly
susceptible to the development of faults and land-
slides. The resulting rock mass displacements tend
to follow the local directions of the present-day
minimum compressive or tensile stress o, (NW-
SE), which, at very shallow levels is directed down-
slope. In the study area, these directions are of-
ten aligned parallel to the maximum compressive

palaeostress direction o, (Fig. 3B) that was active
before the folding stage, i.e. when the rock beds
were still in a horizontal position (Early Miocene?;
cf. Ksigzkiewicz 1972, Aleksandrowski 1985, 1989,
Oszczypko 1998, Mastella & Konon 2002).

The above presented research results highlight
the role of passive factors (lithology and bedrock
structure) in the development of the landslides.
These results may become crucial for understand-
ing this role in the broader aspect of the Silesian
Beskid. For this purpose, similar analyses need to
be carried out on the remaining landslides and
landslide complexes in the area. Further verifi-
cation of the conclusions, if positive, would allow
their extrapolation and the application of the de-
veloped methodology over the entire area of the
Outer Carpathians. The application of the pro-
posed methodology in others areas allows the
identification of its imperfections and limitations
as a result of a various factors, e.g. differences be-
tween scale of GIS analysis and scale of observed
mass movements or complexity of the analyzed
geological structures. On this basis, it will be pos-
sible to improve it.

The problem that needs further study is the
identification of the factors that initiated slope mass
movements at such a large scale as that documented
in the Silesian Beskid. They usually took place most-
ly at the end of the Pleistocene and the beginning
of the Holocene (Starkel 1960, Gil at al. 1974, Alex-
androwicz 1978, Margielewski 1998a, 2001b) and
may have been triggered by permafrost recession.
However, other factors cannot be excluded, espe-
cially considering that many of the landslides were
later reactivated (Jakubowski 1967, Wojcik 1997).
The next stage of the research is planned in order to
reveal the potential influence of isostasy, seismici-
ty and neotectonic phenomena in the region on
initiating mass movements. The significant role of
seismicity in affecting the stability of slopes and ac-
tivating landslides in the Silesian Beskid can be sus-
pected from the fact that its area belongs to Seismic
Zone IV of Poland where the magnitude of record-
ed earthquakes was up to 6° in the EMS-98 scale
(Fig. 12A) (Guterch 2009). As shown in Figure 12B,
it is a region of high earthquake hazard, prone to
seismic events reaching up to 7° or more in MSK
scale (Schenk et al. 2001). Historical records from
between the 15" and 19" centuries show earthquake
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magnitudes higher than 4.3 + 0.4 in the Wista area
(Pagaczewski 1972). By comparing the earthquake
effects (landslides) in the Silesian Beskids and
those in Italy in 2016 (Norcia Earthquake, magni-
tude 5.9-6.5, Martino at al. 2016, Wilkinson at al.
2017), and New Zealand (Kaikoura Earthquake,
magnitude 7.8, Dellow & Massey 2017), it can be

supposed that the earthquakes in the Beskids
were even stronger. Gerlach et al. (1958), Bober &
Oszczypko (1975), Bober & Wojcik (1977), Mastel-
la (1978), Bober (1984), Wojcik (1997), Poprawa &
Raczkowski (2003) and Raczkowski (2007) also in-
dicated seismicity and neotectonics as important
factors initiating the landslides in the Carpathians.
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CONCLUSION

The research on the Biata Wiselka Landslide Com-
plex confirmed that it represents a compound
landslide type and its origin has been structurally
controlled. Such types of landslides predominate
among the Carpathian deep-reaching landslides
(Margielewski 2001a). Besides the climatological
factor, the seismicity of the region and neotectonic
phenomena might have contributed to its develop-
ment by splitting and fragmenting the rock strata
(Zuchiewicz 1995, 1999).

Whatever the causes of the fragmentation of
strata and the triggering of mass movements, the
resulting features, such as escarpments and ten-
sion cracks, mimic the structure of the underlying
bedrock. The Biala Wiselka Landslide Complex
formed along a lineament of ENE-WSW strike,
and it’s parallel to the axis (L) of a regional-scale
fold. This lineament correlates with the strike of

the existing normal fault of a listric slip surface.
The BWLC also underwent further segmentation
along NW-SE trending lineaments (corresponding
to the joint set T). The secondary, lower-order es-
carpments formed as a result of displacement and
the drop of blocks within the hanging wall of the
main detachment fault. The tensional cracks were
formed at the foot of the uppermost escarpments.
Based on the investigated relationships between
landslide development and the bedrock structure,
one can confirm the intuitive idea that areas with
high concentrations of lineaments are particular-
ly susceptible to slope mass movements. The land-
slides can be activated and reactivated by various
neotectonic processes and are particularly endan-
gered by earthquakes. The investigated relation-
ship between the bedrock structure and landslide
development on slopes also offers a methodology
for detecting fault and damage zones concealed be-
low the slope debris and mass movement deposits.
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