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Abstract
Cylowa Zerwa landslide – debris flow located on the northern slope of Mt. Babia Góra (1725 m a.s.l.) within 
the 400 m wide altitude interval (1430-1024 m a.s.l.) is a knowable object which however has not been suffi-
ciently noticed in geomorphological research. This paper, based on geomorphological, geological and dendro-
chronological investigations, as well as LiDAR data analysis, develops the following issues which describe the 
functioning of this object during the last ca. 150 years: Cylowa Zerwa in the gravity induced mass movements 
system of Mt. Babia Góra; relief of the landslide – debris flow and surrounding areas; stages of changes in limit 
and relief of the mass movement area during the last 150 years; relief elements of the Cylowa Zerwa which 
are related to debris flow; relationship between dates of the Cylowa Zerwa activation with annual spruce 
increments. The Cylowa Zerwa, as the only one among Mt. Babia Góra landslides studied, is distinguished by 
a clear bipartite relief – the upper segment is represented by rock packages, whereas landforms of the middle 
and lower segments are similar to those originated in the conditions of debris flow. The Cylowa Zerwa land-
slide – debris flow shows significant education values and it is  a remarkable geotourist object. 
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Introduction

In the investigations of Flysch Carpathians 
relief an attention has often been paid to the 
extend and dynamics of landslides of different 
types in relations to morphology and morpho-
metry of slopes as well as to bedrock lithol-
ogy and tectonics (Ondrášik, 2002; Ziętara, 
2004; Margielewski, 2006, 2009; Jankowski 
& Margielewski, 2014, 2021; Mrozek et al., 
2014; Pánek et al., 2019; Břežný & Pánek, 
2017; Jankowski et al., 2019; Kłapyta, 2020; 
Łajczak, 2022a,b). The landslides in this area 
usually do not show any symptoms of mobil-
ity, but some activate so often that can locally 
cause large economic damages. In the area 
above agricultural-forest boundary, damages 
caused by landslides include only forests, and 
only locally roads and tourist infrastructure. 
On the other hand, the results of landslide 
activations in the areas under strict nature 
protection have not been generally known. 

Investigations of homoclinal ridges, espe-
cially those of large denivelations (where 
it is possible to show differences between the 
relief and landslide dynamics within scarp 
and penestructural slopes) seem to be wor-
thy of note. Such investigations have started 
recently on Mount Babia Góra (1725 m a.s.l.) 
which is the highest flysch ridge in the West-
ern Carpathians (Łajczak et al., 2014; Kła-
pyta, 2020; Łajczak, 2022a,b). They refer to 
investigations on structural relief of this mas-
sif which have been carried out there since 
the 1960s (Książkiewicz, 1963, 1971, 1983; 
Niemirowski, 1963, 1983; Alexandrowicz, 
1978, 2004; Łajczak, 1998, 2013, 2014; Wój-
cik et al., 2010; Jankowski & Margielewski, 
2021; Jankowski, 2022).

The object of investigation is the Cylowa 
Zerwa gravity induced landforms located on 
the northern slope of Mt. Babia Góra within 
the boundaries of the Babia Góra National 
Park (Figs. 1c, 2). Special attention was paid to 

Figure 1. Location of Mt.  Babia Góra: a  – in Poland; b  – in western part of the Polish Carpathians; 
c – morphological sketch of Mt. Babia Góra. 1 – area of the Carpathians in Poland; 2 – Outer (Flysch) 
Carpathians; 3 – Inner Carpathians; 4 – Subcarpathian Basins; 5 – border of Mt. Babia Góra massif; 
6 – axis of ridge of Mt. Babia Góra; 7 – axes of side ridges of Mt. Babia Góra; 8 – summit; 9 – pass; 
10 – river, stream; 11 – Main European Watershed; 12 – Polish-Slovak and Polish-Czech national borders 
(PL –Poland, SK – Slovakia, CZ – Czech Republic); 13 – location of the Cylowa Zerwa landslide – debris flow
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the youngest part of the landslide, which has 
activated since 1868.

Study site

Mt. Babia Góra (1725 m a.s.l.) is the highest 
massif in the Outer (Flysch) Western Carpathi-
ans. It is situated in the borderland of Poland  

and Slovakia in the Beskid Żywiecki mesore-
gion (Fig. 1b) (Starkel, 1972; Kondracki, 1998), 
at the line of Main European Watershed sepa-
rating the Baltic Sea and the Black Sea drain-
age basins, and represents the source area 
of tributaries of the Skawica and the Orava 
rivers (the Vistula and the Danube river basins 
respectively). The  main – homoclinal ridge  

Figure 2. Location of the Cylowa Zerwa landslide – debris flow in Mt. Babia Góra: a – in the massif;  
b – on the background of deep-seated landslides and alluvia limit in the massif (according to Łajczak 
2016); c – limit of the Cylowa Zerwa. 1 – location of the Cylowa Zerwa; 2 – extend of the Cylowa Zerwa 
landslide – debris flow and other landslides; 3 – the highest and the lowest points of the Cylowa Zerwa 
(altitudes in m a.s.l. are marked); 4 – active part of the Cylowa Zerwa after 1868; 5 – slope segments 
occupied by the Cylowa Zerwa landslide – debris flow: A – slope modelled by deep-seated landslide, 
B – headwater area of the Klinowy Stream, C – V-shaped valley of the Klinowy Stream; 6 – extend of the 
Klinowy Stream headwater area; 7 – alluvia; 8 – the Brona Pass (1409); upper limit of: 9 – lower montane 
forest belt, 10 – upper montane forest belt; 11 – the Babia Góra National Park; 12 – tourist shelter;  
13 – former tourist shelter; 14 – tourist trail; 15 – trail of the largest tourist traffic until 1939;  
16 – segment of non-used tourist trail. For explanations of other symbols see Fig. 1
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of Mt. Babia Góra is 11.3 km long and shows 
W-E course. Its N-S profile is asymmetric: the 
northern slope of concave profile is steeper 
than the southern penestructural slope 
of convex-concave profile. In the ridge of 
Mt. Babia Góra there are two culminations: 
Diablak (1725 m a.s.l.) and Cyl (1517 m a.s.l.) 
separated by Brona Pass (1409  m a.s.l.). 
The main ridge is connected with lower side 
ridges which are separated by valleys of con-
vergent pattern in the northern part of the 
massif, and divergent pattern in the southern 
part. Along the axis of the main ridge, from 
the west to the highest culmination, and fur-
ther downslope to the south of the massif, 
there is Polish-Slovak boundary. The area of 
Mt. Babia Góra massif is 74.81 km2, includ-
ing 28.28  km2 of the northern slope and 
46.53  km2 of the southern slope. 40% of 
the massif is located within the boundaries  
of the Babia Góra National Park (Fig. 2a). 

The upper part of Mt. Babia Góra massif 
is built of Magura sandstones beds (age: mid-
dle and upper Eocen) dipping homoclinally to 
the south. Lower parts of the northern slopes 
and their foothills are built of older Flysch 
formations, mainly Hieroglyphic beds (age: 
middle Eocen) formed mainly of thin-bedded 
flysch (Jankowski, 2022). There are following 
vegetation belts on Mt Babia Góra: lower 
montane forest (to 1150 m a.s.l.), upper mon-
tane forest (to 1370 m a.s.l.), dwarf mountain 
pine (to 1650  m a.s.l.), and higher alpine 
meadow (Celiński & Wojterski, 1983; Czajka 
et al., 2015). Mt.  Babia Góra is a  popular 
tourist destination. There are numerous tour-
ist trails which lead to the mountain shelter 
located on the northern slope (in operation 
since 1906) and to the massif culmination, 
and to another mountain shelter (in operation 
in the period 1905-1939) located at the mas-
sif culmination on the southern slope (Płaza, 
2004; Fig. 2a).

The Cylowa Zerwa landslide is located 
at the northern side of the Brona Pass and 
includes a precipitous steep slope, the lower 
part of which represents a  headwater area 
of  the Klinowy Stream. The  landslide pen-
etrates a narrow bottom of V-shaped valley  

of this stream (Fig. 2c). The landslide is located 
at the altitude 1430-1024 m a.s.l. within the 
following vegetation belts: lower montane for-
est, upper montane forest, dwarf mountain 
pine. It is located within the boundaries of the 
Babia Góra National Park (Fig. 2a). In the mid 
part of the landslide there is a contact of the 
Magura sandstones with the Hieroglyphic 
beds. Two tourist trails go across the land-
slide, one of them goes across its active part 
(Fig. 2c).

State of research of the Cylowa 
Zerwa

The Cylowa Zerwa landslide was for the 
first time mentioned by Zapałowicz (1880), 
however its name and detailed location 
was not quoted. That author paid atten-
tion to the first known activation of this 
landslide in 1868. Activation of the Cylowa 
Zerwa landslide was mentioned also by 
other authors (Midowicz, 1930; Niemirows-
ki, 1963). More and more detailed descrip-
tions of this object have started to appear 
in unpublished works and published papers 
for the last 50 years. An attention should be 
paid to a  non-published geological expert 
report (Bober & Oszczypko, 1973) which 
includes, among others, the map and cross-
section of the active part of the landslide 
with lithology details of the bedrock. Some 
papers (Niemirowski, 1983; Łajczak, 1995; 
Bajgier-Kowalska, 2002; Ziętara, 2004) con-
tain the description of the landslide topo-
graphic features, whereas newer papers 
(Kłapyta, 2020; Łajczak, 2022a,b) contain 
also preliminary cartographic picture of 
the object. Stages of landslide development 
after 1868 were pointed by Łajczak (2008). 
In geological-tourist guidebook of the Babia 
Góra National Park (Wójcik et al., 2010) this 
landslide was unmentioned. In many descrip-
tions of the Cylowa Zerwa landslide its name 
either was not mentioned or it was referred 
to as “landslide in the area of Borsucze Skały” 
(Niemirowski, 1963, 1983; Bober & Oszczyp-
ko, 1973; Bajgier-Kowalska, 2002; Ziętara, 
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2004). This name is not consistent with local 
toponymics, because rockfalls called Bor-
sucze Skały are located 0.5 km to the west  
of the site. 

The name of the landslide “Cylowa Zer-
wa”, which is consistent with nomenclature 
applied in the Babia Góra National Park, 
was introduced by Łajczak and it is currently 
used (Łajczak, 2008, 2016, 2022a,b). It should 
be stressed however, that the extend of the 
Cylowa Zerwa landslide is usually associated 
by naturalists and tourists exclusively with its 
most active part visible from the tourist trail 
which goes across the landslide – called in 
Polish “Górny Płaj”, 1180  m a.s.l. This part 
of the Cylowa Zerwa landslide goes up the 
slope to the limit of two semicircular scarps 
remodelled in the years 2000-2004 (1200-
1230 m a.s.l.) and down the slope to the mid-
dle section of the elongated landslide track 
of debris slide (1150  m a.s.l.). The  majority 
of the area of the Cylowa Zerwa landslide is 
not visible from the mentioned tourist trail. 
The highest limit of the landslide reaches the 
altitude 1430  m a.s.l. on the slope west of 
the Brona Pass (1409 m a.s.l.). Also the lower 
part of the landslide, reaching the altitude of 
1024 m a.s.l., is not visible from that tourist 
trail (Fig. 2c).

Despite the fact, that geologists and geo-
morphologists have indicated the importance 
for science of the Cylowa Zerwa landslide for 
the last 50 years (Bober & Oszczypko, 1973; 
Niemirowski, 1983; Łajczak, 1995, 1998, 
2008, 2022a,b; Bajgier-Kowalska, 2002; Zię-
tara, 2004; Kłapyta, 2020), any detailed geo-
morphological studies have been carried out. 

The aim of the paper is the explanation of 
the following issues concerning the Cylowa 
Zerwa landslide, the most of which have not 
been the aim of any other research so far: 
(1) description of the Cylowa Zerwa land-
slide at the background of other landslides in 
Mt. Babia Góra, (2) analysis the relief of the 
landslide and its surrounding, (3) dynamics 
of the landslide during the last ca. 150 years 
and changes in its relief, (4) active part of the 
Cylowa Zerwa – a  debris slide sensu Dikau 
et al. (1996) or a debris flow, (5) correlation 

of dates of landslide activation with annual 
growth of trees, (6) prognosis of landslide 
development. 

Materials and methods

The following materials were applied in the 
work: (a) investigation results of the Cylowa 
Zerwa landslide which included, among oth-
ers, mapping of morphologically active part 
of the object in 1976, 1997 and 2005 (Łajczak, 
1998, 2008, 2016, 2022a,b), (b) information 
from quoted papers, (c) archival materials of 
the Babia Góra National Park concerning the 
history of forest management and changes in 
tree stands adjacent to the landslide since the 
1850s, as well as history of Mt. Babia Góra 
tourism, (d) photos of the active part of the 
landslide showing its state since 1962 (photo-
graphs from the collections of the Babia Góra 
National Park and A. Łajczak). 

Increment cores using Pressler̀ s corer 
were sampled from 8  trees (Norway spruce 
– Picea abies L. H.Karst) which grow at the 
eastern edge of the lower part of the land-
slide. The  cores became polished and den-
drochronologically cross-dated using pointer 
years (Schweingruber et al., 1990; Yamaguchi 
1991). Good pointer years for a  spruce in 
Mt. Babia Góra in the 20th century include 
1980 (narrow ring), 1933 (narrow late wood), 
1912 (light late wood of small density), fol-
lowed by a narrow tree-ring of 1913 (Zielon-
ka, 2006). The age of the investigated trees 
was estimated basing on the first tree-ring 
(the closest to the pith) plus the number of 
years necessary to obtain the height where 
the tree was sampled (Zielonka, 2006). 
Reductions and releases were established 
on dated samples. A reduction was assumed 
as a sudden tree-ring width decrease lasting 
for at least 10 years. Such changes in radial 
growth dynamics should be interpreted as the 
result of a tree damage (its root system, live 
tissues of a  stem, or considerable reduction 
of assimilatory organs due to e.g. damage 
of branches). Another element determined 
in the samples included release, i.e. sudden 
increase in the tree-ring width. Releases  
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are used to date disturbances of different 
nature caused by the decrease of competition 
which occurs when the surrounding trees are 
eliminated (Nowacki & Abrams, 1997). Both 
the depressions and releases represent extra-
climatic reaction of trees to rapid changes in 
the environment including those of geomor-
phological nature. Additionally, during the 
analysis of wood samples the attention was 
paid to the presence of traumatic resin ducts 
which are produced as a  reaction to stress 
caused by deterioration of growth conditions 
(Schweingruber, 1989). 

In the assessment of the relief of the 
Cylowa Zerwa landslide both the qualitative 
and quantitative methods were used includ-
ing LiDAR data. Basing on a  LiDAR image 
a contour-line map with 1 m interval of the 
landslide and its surrounding was generated. 
It was the basis to verify the limits of land-
forms which were earlier determined during 
geomorphological mapping at the scale of 
1:5000. This way, the limit and relative height 
of landforms within the study site (scarps, 
colluvial tongues/lobes, channels, torrential 
cones, levees) and in its surrounding (ridge 
flattenings, ridge and slope trenches, slopes 
of “smooth” morphology, alluvial fans, edges 
of erosional cuttings, rocky channels, water-
fall steps) were established with accuracy of 
1.0 m. Basing on six transversal profiles of the 
lower part of headwater area and the upper 
section of the Klinowy Stream valley and with 
application of hillside slope extrapolation, 
a thickness of colluvial deposits was estimat-
ed in the lower part of the landslide of convex 
transversal profile. In the reconstruction of 
transversal profile of the fossil part of valley 
bottom, two visible transversal profiles of the 
narrow bottom of the valley directly below 
the landslide front were included.

Results
The Cylowa Zerwa at the background 
of Mt. Babia Góra landslides

Deep-seated landslides predominate on 
Mt.  Babia Góra slopes. They cover approxi-
mately half of the area of slopes built of 

Magura sandstones (Łajczak, 2016; Kłapyta, 
2020). The  remaining area of this part of 
the massif includes slopes of “smooth” 
morphology (uniform dip of slopes on large 
area) covered by rock-debris of periglacial 
origin as well as slopes with rocky walls 
dissected by couloirs, debris and torrential 
cones, and landforms connected with debris 
flows. In the western part of the massif of 
Mt.  Babia Góra, isolated landslides pre-
dominate, whereas in its central and eastern 
parts there are vast landslides of complex 
type, which are typical for Mt.  Babia Góra 
(Ziętara, 2004) and which may cover 600 m 
high altitude interval on slopes (Fig.  2b). 
Colluvia occupy the area from the slope to 
the valley bottom, penetrating these later 
as a  lobes, where they gradually transform 
into alluvia. The bottoms of headwater areas 
and valleys which dismember lower parts 
of slopes (only above sections of deepened 
valleys with rocky channels) are lined on 
its entire length first by debris-clay mate-
rial which built valley landslides, and then  
by coarse-clast alluvia. 

The Klinowy Stream Valley (where the 
Cylowa Zerwa landslide occurs), is the only 
one among the valleys dismembering the 
lower parts of slopes of Mt.  Babia Góra, 
where there is no colluvial cover in the low-
er 0.5 km long section (between 900 and 
1024 m a.s.l.) (Fig. 2b,c). Above 1024 m a.s.l. 
it is filled by the tongue of the Cylowa Zerwa 
landslide. Below 900 m a.s.l. an alluvial fan 
from the adjacent valley enters it. Between 
these altitude the valley bottom is narrow 
with rocky channel and several meter high 
waterfall steps. These features of the Klinowy 
Stream valley as compared to other valleys 
in the massif indicate relatively small length 
of the lower segment of the Cylowa Zerwa 
landslide. The  feature which distinguishes 
this landslide among other landslides on 
Mt.  Babia Góra includes also documented 
changes in the relief of its middle and lower 
segments which have occurred during the 
last ca. 150  years (Łajczak, 2008). Such 
changes have not been determined recently 
in other landslides on Mt. Babia Góra. 
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Relief of the mass movement area  
and its surrounding 

Three segments of the Cylowa Zerwa land-
slide were distinguished in the investigations, 
which differ in terms of their relief, slope 
gradient and colluvium thickness (Figs. 2c, 3, 
4, 5). The landslide area is 16.8 ha, including 
9.4 ha belonging to the segment (A), 6.1 ha 
to segment (B) and 1.3  ha to segment (C). 
The length of the whole landslide is 1100 m, 
including 360 m, 390 m and 350 m respec-
tively. The active part of the landslide during 
the last ca. 150 years covers 2.6 ha, i.e. 15% 
of its total area, however its length is 550 m, 
which makes as much as 55% of the total 
length of the landslide (Figs. 3, 4).

Above 1300  m a.s.l. up to the slope 
boundary with plateau at the altitude 1409-
1430 m a.s.l., there is the upper segment (A) 
of the landslide. Its main feature are slumped 
(backwardly rotated) rock blocks covered by 
debris colluvial material of unknow depth. 
This part of the slope shows step-like profile 
of an average slope dip of 37°, ranging from 
several degrees to 70° (Figs. 4, 5). Landslide 
depressions are occupied by landslide fens, 
and in one of them there is a  landslide tiny 
lake (Mały Staw lake, 1307  m a.s.l.). Rock 
packages occur in the landslide depression 
bordered by up to 20  m high precipitous 
escarpments. Outside the landslide scarps 
there are up to 10 m deep slope trenches, as 
well as slope parts of “smooth” morphology 
lined by debris material of periglacial origin 
(Figs. 3, 4). The upper edge of the landslide 
scarps, just at the border with the plateau, 
shows a  winding course and it is adjacent 
to ridge flattenings of step-like pattern. 
The occurrence of the slope part of “smooth” 
morphology (i.e. a slope part of older relief) 
in the neighbourhood of this part of the land-
slide scarps prooves progressive recession 
of the Cylowa Zerwa landslide up the slope. 
There is no information about contemporary 
dynamics of the upper part of the segment 
(A) of this landslide.

In the contact zone of the Magura sand-
stones with underlying the Hieroglyphic beds 
there is a  headwater area of the Klinowy 
Stream. Its altitude range is from 1150 to 
1300 m a.s.l. Half of the headwater area is 
occupied by the segment (B) of the Cylowa 
Zerwa landslide, where slope gradients are 
larger than in the segment (A) and increase 
with altitude from 32° do 60°. The average 
slope gradient is 42°. This segment of the 
landslide is built of debris colluvia of visible 
depth up to 5  m, where diameter of sand-
stone blocks is smaller than in segment (A) 
and does not exceed 3 m. The morphology of 
segment (B) of the landslide is less diversified 
that in segment (A). Relief features include low 
colluvial tongues and up to 5 m high isolated 
rocky scarps and also up to 3 m high scarps 
visible along the whole length of this segment 

Figure 3. The  boundary of the Cylowa Zerwa 
landslide – debris flow shown on contour line 
background (every 1 m) (based on LiDAR image). 
1 – limit of the Cylowa Zerwa – debris flow;  
2 – boundary between segments (A) and (B), and 
between (B) and (C) of the object; 3 – tourist trail 
“Górny Płaj”; 4 – Polish-Slovak national border
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on the eastern and western boundaries of 
the landslide. These scarps delimit the zone 
of colluvium deposition transported from seg-
ment (A) of the landslide (Fig. 6). The slopes 
of headwater area outside the landslide limit, 
as well as neighbouring parts of the northern 
slope of Mt. Babia Góra, are covered by finer 
debris material of periglacial origin. Its thick-
ness does not exceed 3  m. The  slopes of 
“smooth” morphology, despite their gradients 
reaching 40°, may be assumed as continua-
tion of slope parts adjacent to segment (A) 
of the landslide. Segment (B) of the Cylowa  

Zerwa landslide is assumed as younger than 
segment (A). It is an element of slope mor-
phology superimposed on older relief of head-
water area of the Klinowy Stream (Fig. 4). 

A  lower part of the segment (B) of the 
Cylowa zerwa landslide and the whole seg-
ment (C) contain elements of younger relief, 
which were formed during recurrent renewals 
of the landslide activity since 1868 (Łajczak, 
2008) (Figs. 4, 5). In segment (B) of the land-
slide at the altitude 1200-1230 m a.s.l. there 
are two scarps, where the Magura sandstones 
are exposed under 2-5  m high escarpments 

Figure 4. Morphological sketch of the Cylowa Zerwa landslide – debris flow. 1 – limit of the object;  
2 – boundary between segments of the object; the segments: 3 – (A), 4 – (B), 5 – (C); 6 – scarp; 7 – landslide 
tiny lake; 8 – colluvial lobe; 9 – scarps in segment (B); 10 – landslide channel in segment (B); 11 – torrential 
cone; 12 – levee; 13 – axis of ridge; 14 – the Brona Pass (1409 m a.s.l.); 15 – ridge flattening; 16 – slope of 
“smooth” morphology; 17 – ridge or slope trench; 18 – the Klinowy Stream headwater area; 19 – erosional 
cutting; 20 – erosional cutting covered by colluvia; 21 – alluvial fan; 22 – edge of erosional cutting in the 
bottom of the Klinowy Stream, which rejuvenated its relief; 23 – the highest waterfall step; upper limit 
of: 24 – lower montane forest belt, 25 – upper montane forest belt; 26 – tourist trail; 27 – contour line;  
28 – Polish-Slovak national border (PL – Poland, SK – Slovakia); 29 – course of landslide – debris flow profile 
shown in Figs. 5, 8
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(Fig. 7). Layers of Magura sandstones are dip-
ping homoclinally to the south at the angle of 
20°. These are thick-bedded, usually medium- 
and fine-grained sandstones. Their over 2 m 
thick beds are separated by thin insertions of 
clayey and marly shales. In the substratum 
of the lower located part of the landslide 
(a lower part of the segment B and the whole 
segment C), the Hieroglyphic beds are crop-
ping out. These represent complex of thin 
bedded and fine-grained sandstones which 
regularly interbed with clayey shales (Bober 
& Oszczypko, 1973). Slope gradients within 
the larger landslide scarp decrease from 60° 
to 45°, in the lower located landslide track 
decrease to 30°, and again increase below 
the tourist trail “Górny Płaj” to 38° (Fig.  5). 
The  landslide track is 40-50  m wide and 
200 m long and at the altitude 1150 m a.s.l. it 
turns left. At the altitude 1110 m a.s.l. it trans-
forms into a 30-50 m wide landslide tongue 
which fills the bottom of the upper section of 
the Klinowy Stream Valley. The second scarp, 
located at the west, is smaller. The landslide 
track is only 5-7 m wide and its dip near the 
tourist trail “Górny Płaj” exceeds 40°. In this 

Figure 5. Longitudinal profile of the Cylowa Zerwa landslide – debris flow (simplified version when 
compared with the text). a – location of the profile; b – differentiation of slope dip in segments (A), (B), 
(C). Landslide substratum: 1 – Magura sandstones, 2 – Hieroglyphic beds; 3 – colluvia; altitude ranges: 
4 – the Klinowy Stream headwater area, 5 – the larger landslide scarp in segment (B); 6 – bottom of 
headwater area and a narrow erosional cutting in the valley covered with colluvial material; 7 –  bottom 
of a narrow erosional cutting and higher located valley bottom down of landslide tongue; 8 – landslide 
– debris flow extent; 9 – extend of the rejuvenated part of the object; 10 – timberline; 11 – limit of lower 
montane forest belt; 12 – tourist trail “Górny Płaj”

Figure 6. The  western and the eastern 
boundaries of the segment (B) of the Cylowa 
Zerwa landslide – debris flow visible on the 
contour-line background (every 1  m) (based on 
LiDAR image). Scarps at the indicated limits of 
this segment of the object are clearly visible.  
1 – the Cylowa Zerwa landslide – debris flow 
limit; 2 – boundary between segments (A) and 
(B); 3 – tourist trail “Górny Płaj”
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section of the landslide track, the fronts of the 
Magura sandstones beds are exposed, where 
a  small waterfall (Płaczliwa Skała – Crying 
Rock) appears after rainfalls. Below this 70 m 
long landslide track, a  torrential cone is vis-
ible. It is 80 m long and its dip is 25°. At the 
altitude 1125-1140 m a.s.l. it joins the larger 
landslide track. 

The tongue of the Cylowa Zerwa landslide 
– segment (C) shows convex transversal pro-
file, and below 1070 m a.s.l. a step-like lon-
gitudinal profile (Figs. 5, 8). The slope gradi-
ent of landslide tongue decreases from 25° 
to 10°, however in the lower part it locally 
reaches 30°. The front of the landslide tongue 
penetrates into a  narrow erosional cutting 
in the bottom of the Klinowy Stream Valley. 

Morphology of this erosional cutting does 
not show any changes within the 500 m long  
section below the landslide front (Fig.  4), 
therefore it should be assumed that continu-
ation of this landform – of fossil character – 
occurs below the landslide tongue (C), and 
also under lower part of the segment (B) of the 
landslide. This assumption results from the 
analysis of transversal profiles of the Klinowy 
Stream Valley occupied by the landslide 
(Fig.  8). Steep slopes of the valley are adja-
cent to the landslide tongue of convex trans-
versal profile; the extrapolation of the course 
of slopes makes it possible to estimate the 
thickness of colluvial deposits in the profiles 
II-V to over 10 m. This fragment of the land-
slide between the middle section of the larger  

Figure 7. The larger scarp of the Cylowa Zerwa landslide – debris flow: a – view on the uppermost part 
of the scarp (1230 m a.s.l.), b – outcrops of layers of the Magura sandstones and insertions of shales
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landslide channel and the lower part of 
the landslide tongue represents the area 
of the most intensive colluvial deposition in  
the active part of the Cylowa Zerwa landslide. 

Changes in the extend and relief of the 
landslide during the last ca. 150 years 

The obtained information sources make it 
possible to determine changes in the extend 

and relief of the Cylowa Zerwa landslide only 
in the segments (B) and (C) since 1868. 

The information given by Zapałowicz 
(1880) concerning the sliding of colluvia in 
the place interpreted as the Cylowa Zerwa, 
which was obtained from shepherds during 
his botanical research on Mt. Babia Góra in 
the 1870s, makes it possible to explain the 
course of the segment (B) formation at the 
end of May 1868. Zapałowicz description 

Figure 8. Transversal profiles across the lower part of headwater area and upper part of the Klinowy 
Stream valley, within the limit of the Cylowa Zerwa landslide – debris flow (profiles I-VI) and below the 
landslide tongue (profiles VII, VIII). Profiles were prepared basing on LiDAR data. a – profile location, 
b – profile. 1 – limit of the landslide and its active part (debris flow); 2 – the course of profile shown in  
Figs.  4, 5; 3 – the highest and the lowest located points within the landslide – debris flow (altitude  
in m a.s.l.); 4 – upper section of the Klinowy Stream; 5 – location of profile; 6 – probable profile of slopes 
under the colluvium surface; 7 – colluvia
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of the Cylowa Zerwa contains the following 
statement of geomorphological nature: “the 
slumped colluvia earlier had formed a part 
of transversal ridge” (this ridge is represent-
ed by backwardly slumped rock packages 
located in the lower part of the segment 
(A) of the landslide, Figs. 3, 4); “the colluvia 
sliding must have occurred quickly”; “the 
layer of activated colluvia flown around as 
a dense liquid buried trees everywhere”. Col-
luvial deposits which covered a wide zone of 
the slope must have been derived from the 
segment (A) of the landslide. It is difficult to 
explain the intensity of this process exclu-
sively by rainfalls. It is possible that sliding of 
large masses of colluvia along the slope influ-
enced by local dislocation of rock packages 
in the segment (A) of the landslide, was trig-
gered by earthquake. In the specification of 
earthquakes in the Polish Carpathians there 
is no such date of seismic tremor (Hojny- 
-Kołoś, 1972) which does not mean however, 
that such event at that time did not occur on 
Mt. Babia Góra. A possible occurrence of an 
earthquake in this massif at the time suggest-
ed by Zapałowicz is indicated by an informa-
tion inserted in the newspaper Czas (Time) 
published in Kraków in 1868 about a  loud 
bang which was heard in Zawoja centre 
located over 10 km of Mt. Babia Góra culmi-
nation. It was caused by sliding of large rock 
masses (Magura sandstones) on the north-
ern slope in the place which is called Urwane 
(Torn) since that time (Łajczak, 1995). This 
episode was mentioned by Zapałowicz (1880) 
and Midowicz (1930). 

Information of H. Zapałowicz about the 
“spill” of colluvial material during the men-
tioned episode in the place of the Cylowa 
Zerwa landslide explain the origin of convex 
morphological landforms at the edge of the 
segment (B) of the landslide and also origin 
of numerous colluvial lobes (Figs.  3,  4,  6)  
within the headwater area of the Klinowy 
Stream. This part of the slope shown in the 
LiDAR image (Fig.  6) indicated the way of 
material transportation not as a  slide but 
rather debris flow. The  thickness of these 
slope deposits does not exceed 5  m and 

usually it is in the range 2-3  m. Deposition 
of the material derived from segment (A)  
of the landslide, taking into account large 
slope gradient of headwater area exceed-
ing 30° (Fig.  4), must have included also 
the valley bottom of the upper section of 
the Klinowy Stream, i.e. the whole segment 
(C). The probable limit of the Cylowa Zerwa 
landslide before the episode of May 1868, is 
shown in Fig. 9a, and directly after the epi-
sode is shown in Fig. 9b. Elements of the relief 
still visible in the segment (B) of the landslide 
which originated in 1868 include mentioned 
before long scarps and colluvial lobes. Small 
fragments of segment (B) and most part of 
segment (C) of the landslide were remod-
elled during succeeding stages of the Cylowa  
Zerwa activation. 

In the first forest inventory of the Babia 
Góra National Park dated to 1.10.1961 
(Archive of the Babia Góra NP) there is 
information of the occurrence of 40-50 year 
old mountain ash bushes on the area of 
0.47 ha in the eastern part of the segment 
(B) of the Cylowa Zerwa at the altitude 1130-
1170  m  a.s.l. (below the tourist trail “Górny 
Płaj”). Mountain ash as a  photophilous spe-
cies must has invaded the part of the landslide 
where the forest had been destroyed due to 
the activation of the Cylowa Zerwa. Taking 
into account the time after which a mountain 
ash may invade freshly deposited material, 
i.e. 5 years, the second stage of the Cylowa 
Zerwa activation may be related about 1905. 
In 1961 in the place of mountain ash occur-
rence also 5-10 year old spruce and fir trees 
were found. These tree species lastingly 
resettle areas where the ground is stabilised, 
which needs more time than mountain ash 
succession. As the result of the episode in ca. 
1905, one landslide scarp developed below 
the tourist trail “Górny Płaj”. This trail was 
traced in 1883 and until 1939 was the main 
trail leading to the tourist shelter opened 
for tourist in 1906 at the northern slope of 
Mt. Babia Góra (Fig. 2a). Above the scarp, up 
the altitude of tourist trail (1180 m a.s.l.) or 
even higher, other scarps developed in collu-
vial cover which destabilised the tourist trail 



91Cylowa Zerwa landslide – debris flow forms on Mount Babia Góra (1725) and their…

Geographia Polonica 2023, 96, 1, pp. 79-101

after 1905. In the 1910s and 1920s many 
Swiss stone-pine trees (Pinus cembra) were 
planted along the trail in order to stabilise  
the ground and minimalize the damage 
(Archive of the Babia Góra NP).

The cause of activation of the Cylowa 
Zerwa landslide in the lower part of the 
segment (B) at the beginning of the 20th 

century was probably a  headward erosion 
in the area, where many springs occurred  
in the lowest located part of the headwater 
area of the Klinowy Stream (Fig. 9c1). This pro-
cess was favoured by large slope gradient of 
this part of the slope (Fig. 5). The slipped mass 
of colluvial material was deposited in the seg-
ment (C), probably not along its whole length. 

Figure 9. Reconstruction of the Cylowa Zerwa landslide – debris flow development since 1868. Limit 
of the object: a – before 1868 (the lowest located part of segment A is marked); b – directly after 1868 
(segments: A, B, C); limit of the area where changes in landslide – debris flow relief occurred: c – after 1905, 
d – after 1962, e – during the period 2000-2004. Part “c” shows: c1 – present-day occurrence of springs 
and streams in the bottom of the Klinowy Stream headwater area, c2 – limits of changes in landslide 
– debris flow area after 1905. 1 – the Cylowa Zerwa limit (without the major part of the segment A); 
2 – boundary between segments A and B, and B and C; 3 – limit of the eastern part of the Klinowy Stream 
headwater; 4 – tongue built of debris which originated in 1868 in the segment B; 5 – lobes originated in 
1868 in the segment B; 6 – direction of material movement in 1868, 7 – areas where changes in relief of 
the Cylowa Zerwa landslide – debris flow occurred after 1905 (scarp and landslide channel in segment B, 
majority part of segment C); 8 – new scarps above the larger (main) scarp; 9 – levee; 10 – Płaczliwa Skała 
(Crying Rock); 11 – springs and streams; 12 – tourist trail “Górny Płaj”
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The landforms which originated at that time 
underwent later changes. 

The third stage of the Cylowa Zerwa 
landslide activation occurred at the begin-
ning of June 1962, because of abundant 
rainfalls. The  dislocation of debris material 
rather in form of a  debris flow than a  slid-
ing occurred above over 50 year older scarp. 
This caused total damage of tourist trail 
and development of a  new scarp, the edge 
of which reached the altitude 1210 m  a.s.l. 
The  scarp was up to 30  m wide, and the 
landslide channel was up to 20  m wide. 
This stage of landslide activation was docu-
mented in photographs (Fig. 10). In the suc-
ceeding years some fading mass movements 
occurred below the scarp, and were most 
intensified in 1968. The Cylowa Zerwa land-
slide became stabilised after 1970 and since 
then for over 30 years the tourist trail was not 
remediated (Archive of the Babia Góra NP). 
After 1962 the second smaller scarp devel-
oped at 1200  m a.s.l. on the western side, 
and below it a  narrow landslide channel 
appeared which joins the larger landslide 
channel. Since then, in the bottom of the 
smaller landslide channel (above the tourist 
trail) a landform called Płaczliwa Skała (Cry-
ing Rock) has been visible. Above the main 
scarps, especially the larger one, fissures and 
smaller scarps developed which reached the 
altitude 1230 m a.s.l. The old-growth spruce 
forest present in this area showed features of 
a drunken forest (Łajczak, 1998, 2008). 

The development of the landslide in the 
third stage of its activation represented only 
continuation of the process which had started 
earlier, which was favoured by large slope gra-
dients of the headwater area. Debris mate-
rial displaced from the both scarps (especially 
from the larger one) was deposited in the 
segment (C), but not along its whole length, 
which resulted in step-like deepening of the 
longitudinal profile of the landslide tongue. 
The levees originated during the debris mate-
rial transportation at the sides of the larger 
landslide channel, which separated 7 m deep 
depression (Fig. 10), represented specific ele-
ments of the morphology of this part of the 

landslide for the next 40 years. Fig. 9d shows 
the extend of the part of the Cylowa Zerwa 
landslide which changed after 1962. The land-
forms within the landslide which developed 
during that stage were remodelled later. 

The last stage of activation of the Cylowa 
Zerwa landslide occurred in two phases: 
more extensively in April 2000 during melt-
ing of thick water-soaking snow cover, and 
less extensively in summer 2004 (Archive of 
the Babia Góra NP). This stage of landslide 
activation has the richest documentation 
(LiDAR image of 2014, photographs, results 
of detailed geomorphological mapping, 
and repetitive observations). Remodelling 
of the landslide consisted in retreating up 
the slope the both scarps (the larger one 
up to 1230 m a.s.l., and the smaller one up 
to1215 m a.s.l.), which occurred after disloca-
tion of the debris packages which separate 
older scarps. The width of these scarps also 
increased (the larger one up to 65 m) as well 
as the width of the larger landslide channel 
increased up to 40-50  m. At present both 
scarps are separated by a narrow, locally up 
to 3 m wide belt of the slope, where the dis-
placement of debris material has not occurred 
yet. Below the scarps the fading mass move-
ments were continuing after 2004 for about 
10 years. Since 2015 no renovation works of 
the tourist trail have been done. After the 
increase of the scarps limit in the uppermost 

Figure 10. Larger landslide channel of the Cy- 
lowa Zerwa which originated in June 1962. The 
photograph shows the state in July 1962. x – tourist  
trail “Górny Płaj”

Source: Archive of the Babia Góra National Park.
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part of this slide, above their edges up the 
altitude 1275 m a.s.l., up to 5 m deep younger 
scarps have developed in the colluvial cover. 
The old-growth spruce forest adjacent these 
scarps shows features of a drunken forest. 

Debris material transported from the larg-
er scarp filled the depression between the lev-
ees in the larger landslide track, and slightly 
overbuilt these landforms, which resulted in 
the decrease of denivelation in transversal 
profile of this section of the landslide by 4 m. 
Also within the landslide tongue, older levees 
became overbuilt and the new ones were 
created, but only along the half of its length. 
In  the further course of this segment of the 
landslide any essential changes in the land-
slide relief did not occur. After 2004 a torren-
tial cone started to develop below the smaller 
landslide channel, and its present-day length 
is 80 m. This landform fills the lower section 
of the western landslide track and penetrates 
into the lower located larger (eastern) land-
slide track (Fig. 4). Fig. 9e shows changes of 
landslide extend which have occurred after 
2004. Since 2015 any essential changes  
in landslide relief have not occurred.

Summarising, the stage of changes in 
the extend and relief of the Cylowa Zerwa 
landslide which occurred in 1868 should be 
assumed as a  preliminary stage for further 
changes of this object. During this stage 
debris colluvia covered part of the slope with-
in the headwater area of the Klinowy Stream 
(segment B of the landslide) and filled the bot-
tom of the upper part of the valley (segment 
C of the landslide). At this stage, the landslide 
reached the maximum coverage, and fur-
ther changes which occurred in 1905, 1962 
and 2000-2004 consisted in redistribution 
of the material deposited earlier in segment 
(B). Changes in the relief of this part of the 
Cylowa Zerwa landslide since the beginning 
of the 20th century consisted in:
1.	Upslope extension of the zone of the debris 

material occurred, at first along one line 
(1905), and then along two lines (1962 and 
2000-2004),

2.	Loss of debris material on the slope in 
upper sections of landslide tracks occurred,

3.	Overbuilding of lower sections of land-
slide tracks and shortening the distance 
of debris deposition on landslide tongue  
(segment C of landslide) during the suc-
ceeding activation of the landslide,

4.	The largest increase in thickness of depos-
ited material in the lower part of the larger 
landslide track and in the upper part of 
the segment (C) of the landslide, which is 
shown by transversal profiles II-V (Fig.  8). 
This process was the result of alternate 
overbuilding the levees and filling out the 
depressions between these landforms with 
debris material, 

5.	Development of step-like longitudinal profile 
of the segment (C) of the landslide (Fig. 5). 

The active part of the Cylowa Zerwa – 
from landslide (slump) to a debris flow? 

The way of transportation of debris materi-
al in segment (B) during the stage of activa-
tion of the Cylowa Zerwa landslide in 1868 
and landforms originated in segments (B) 
and (C) of the landslide during the stages 
of its activation in 1868, 1905, 1962 and 
2000-2004 indicate nevertheless that in 
that part of the landslide the consequences 
of debris flow are visible. The studied object 
does not show however entire similarity to 
classical debris flow located on the north-
ern slope of Mt. Babia Góra under Diablak 
culmination which originated in July 2002 
(Łajczak & Migoń, 2007). As a  result of 
debris flow under Diablak, four groups of 
landforms successively developed down 
the slope: (1) shallow hollow in debris cover 
which represented the source of the dis-
placed material, (2) new erosional channel 
in the couloir bottom, which played the role 
of transit section, (3) a  channel cut in tor-
rential cone and the adjacent levee on the 
both sides, (4) cumulation of debris material 
in front of spruce trunks in the final section 
of debris flow. 

The following landforms in segments (B) 
and (C) of the Cylowa Zerwa mass move-
ments may be recognised as the consequenc-
es of debris flow:
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1.	A  wide zone of debris cover in the seg-
ment (B) of relatively “smooth” morphology 
formed as a 3 m thick tongue bounded by 
long scarps, with numerous lobes (Figs. 3, 
4, 6). This zone of debris flow penetrated 
a narrow valley bottom. Relief of this accu-
mulation landform became changed dur-
ing the succeeding stages of the Cylowa 
Zerwa activations. In the upper part of 
the segment (B) or in the lower part of the 
segment (A) there is no large head scarp, 
which could have been a  source area of 
the displaced material. Such area is prob-
ably represented by rock packages cov-
ered by debris colluvia in the segment (A), 
which were activated due to seismic trem-
or (a  suggestion) and which then caused 
the flow of debris material during heavy 
rains pointed by H. Zapałowicz (1880). 
This source of debris flow supply of 1868 
should be recognised as considerably effi-
cient taking into account the volume of the 
displaced material of about 370,000  m3 
(average thickness of the deposited mate-
rial together with the landslide tongue is 
5 m) on the area of 7.4 ha and the length 
of 740 m. The denudation rate of segment 
(A) should be estimated as 3.9 m,

2.	Two landslide scarps in the segment (B) 
relocating up the slope during the succeed-
ing stages of the Cylowa Zerwa activation, 
were the source of debris material trans-
ported along the landslide channels to 
the segment (C) in the years 1905-2004. 
The  volume of the material derived from 
these scarps and from the upper sections 
of landslide channels was estimated to 
42,000 m3 (average thickness of material 
loss is 3 m),

3.	Levees in the lower part of the larger land-
slide track and within the segment (C) of the 
landslide as well as zones of depressions 
separating the levees. The  depressions 
were filled with colluvium. Average thick-
ness of material deposition in the lower 
part of larger landslide channel and within 
the segment (C) of the landslide only during 
the Cylowa Zerwa activation in 1962 and 
2000-2004, was estimated to about 3.5 m,

4.	acumulation of rock debris in front of tree 
trunks in the middle and lower parts of the 
segment (C) of the Cylowa Zerwa mass 
movements was estimated to several m3.
The mentioned landforms in the segments 

(B) and (C) of the Cylowa Zerwa mass move-
ments should be classified as landforms 
which were transformed several times by 
debris flows every ca. 45  years since 1868. 
The group of these landforms is located below 
the segment (A) of the landslide, which repre-
sented a rich source of debris material in the 
first stage of the Cylowa Zerwa activation, 
and which underwent fluidization downslope. 

The Cylowa Zerwa called recently a land-
slide, in fact represents two groups of land-
forms which originated as a  result of either 
sliding or debris flow. It is necessary therefore 
to redefine this geomorphological object and 
pointed it out as an example of the landform 
group of complex origin. 

Relationship of dates of the Cylowa 
Zerwa activation and annual 
increments of  spruce 

In the lower part of the segment (B) and with-
in the segment (C) of the Cylowa Zerwa mass 
movement, eight spruce trees were selected 
at the altitude range of 1040-1160  m a.s.l. 
in order to determine their age, years of 
growth reduction, years of release, and other 
data (Tab. 1). The selected spruce trees grow 
along the eastern limit of the study object, 
and, among them, the trees no. 5-8 grow in 
the axial zone of the right-side levee (Fig. 11). 
These spruce trees grow in 4 sections of seg-
ment (C) and (B) of the Cylowa Zerwa, and the 
age of which was preliminarily determined 
as 1868, 1905, 1962 and 2004. In each 
section of segments (C) and (B) of the study 
object, the oldest spruce trees were selected 
because they should contain records in tree-
rings of the longest history of episodes con-
cerning mobility of debris material activation. 

The spruce tree no. 1 is located in the 
oldest part of the Cylowa Zerwa tongue just 
above its front which originated in 1868. 
The  spruce trees no. 2 and 3 occur above 
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the landslide tongue front which originated in 
1905, and the spruce trees no. 4 and 5 grow 
within the landslide front which developed in 
1962. The  spruce trees no. 6-8 grow in the 
levee section overbuilt in 2004. The analysis 
of the obtained core samples gave the follow-
ing information concerning the successive 
sections of the studied part of the Cylowa 
Zerwa: 
•	 Spruce tree no. 1 has grown since ca. 

1900 on the landslide – debris flow front 
which was formed in 1868. The  vertical 
arrangement of the trunk indicates stabi-
lised ground. The  roots are not covered 
by debris material which shows that there 

was no material deposition in the younger 
stages of the Cylowa Zerwa activation, 

•	 Spruce tree no. 2 is a blown down tree 
which, judging from the trunk diameter, 
grew for about 150  years. It is not pos-
sible to estimate the year when the tree 
became knocked down. In the visible lower 
decayed part of the trunk, the roots are 
totally covered by debris material. This 
tree originated before 1868. The   lower 
part of its trunk was strewn with debris 
material in 1868 and probably in 1905,

•	 Spruce tree no. 3 has grown since 1840, 
and similarly to the spruce tree no. 2, its 
roots are totally covered by debris mate-
rial. Reductions in tree-rings indicate the 
ground mobility in 1867/1868, 1946/1947 
and 2004/2005. The first date should be 
related to active stage of the Cylowa Zer-
wa at the end of May 1868 (before growth 
season). It is difficult to explain the sec-
ond and the third dates. In annual incre-
ments of the spruce tree no. 3, the episode  
of 1905 was not marked,

•	 Decayed trunk of spruce tree no. 4 locat-
ed within the landslide – debris flow front 
which was formed in 1962. Judging from 
the diameter of the trunk, the tree grew 
for ca. 150  years, but it is not possible 
to estimate the year when the tree was 
knocked down. In the visible lower part of 
the trunk the roots are totally covered by 
debris material. This spruce tree probably 
also appeared before 1868, and the lower 
part of the trunk was strewn with debris 
material in 1868, 1905 and possibly also 
in 1962, 

•	 Spruce tree no. 5 is the oldest one 
among the dated trees. It has grown since 
ca. 1835 on the right-side levee within the 
front of the landslide – debris flow, which 
formed in 1962. The  roots of spruce are 
totally covered by debris material. Two 
increment reductions in this tree were 
dated. Taking into account the measure-
ment error, the beginning of the first one 
(1966/1967) may be related to the episode 
of 1962. It is difficult to explain the begin-
ning of the releasing dated for 1863/1864,

Figure 11. Relief of the lower part of the segment 
(B) and the segment (C) of the Cylowa Zerwa 
landslide – debris flow and location of eight 
Norway spruce trees (Picea abies L. H.Karst), 
which were the sources to obtain increment 
drillings using Pressler corer. 1 – limit of the lower 
part of the Cylowa Zerwa landslide – debris 
flow; 2 – segment (B); 3 – segment (C); 4 – upper 
limit of the part of the Cylowa Zerwa landslide, 
where relief became changed due to landslide 
activations since 1868; 5 – front of the deposited 
debris material during activation stages 
(1868, 1905, 1962 and 2000-2004); 6 – levee;  
7 – erosional cutting of the segment (C) and the 
alluvial fan; 8 – location of the examined eight 
spruce trees; 9 – tourist trail “Górny Płaj”
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•	 Spruce tree no. 6 has grown since ca. 
1845 on the right-side levee within the 
landslide – debris flow front which origi-
nated in the activation phase of 2000-
2004. In the case of this tree, only the 
beginning of the only growth reduction in 
1979/1980 was determined, which is dif-
ficult to relate to stages of the Cylowa Zer-
wa activation. Two beginnings of releases 
were determined. The  first one dated to 
ca. 1873/1874 may be related to the epi-
sode of 1868. The roots of the spruce are 
covered by debris material deposited dur-
ing four stages of the Cylowa Zerwa acti-
vation. This is the oldest spruce tree which 
grows on such high altitude within the 
studied part of the landslide, which has 
not been blown down since 1868,

•	 Spruce tree no. 7 which has grown since 
1984 in the same morphological situation 
of the landslide – debris flow as the spruce 
tree no. 6, but it is located 30 m higher. 
There is no record in the tree increment 
concerning the episode of 2000-2004,

•	 Spruce tree no. 8 has been growing 
since 1984 at the altitude of 1160 m a.s.l., 
also on the right-side levee. The beginning 
of the release dated to 2005/2006 should 
be related to the last stage of the Cylowa 
Zerwa activation in 2000-2004.

Basing on the mentioned above informa-
tion, the determined limit of deposition of 
debris material in the segment (C) and in the 
lower part of the segment (B) of the Cylowa 
Zerwa during the stages of activation in 
1868, 1905, 1962 and 2000-2004  may be 
assumed as legitimate. 

Natural, landscape, social-economic 
and political consequences  
of the Cylowa Zerwa  activations

The Cylowa Zerwa landslide – debris flow is 
located at the borderland of two forest com-
munities, i.e. fertile Carpathian beech wood of 
lower montane forest, and acidophilous West 
Carpathian spruce wood of upper montane 
forest (Holeksa & Szwagrzyk, 2005). The sub-
sequent stages of the Cylowa Zerwa activa-
tion caused the replacement of the forest for-
mation by communities of herbs and grasses 
with local domination of shrubs (Silesian wil-
low – Salix silesiaca). Segment (C), which was 
supplied with debris material from the upper 
part of segment (B), at first was taken over by 
Norway spruce (Picea abies L. H.Karst) trees. 
This species is not able to occupy bare sur-
faces in the segment (B), where only locally 
its numerous individuals occur after the last 
stage of the Cylowa Zerwa activation, i.e.  

Table 1. Characteristics of cross-dated samples 

No. of 
a tree

First tree-ring 
[year]

Year (c.a.)  
of tree origin

Growth reductions 
- initial year

Growth releases 
- initial year

Other  
information

1 1923 1900 - - -

2 - - - - -

3 1863 1840 1867/1868
1946/1947
2004/2005

1886/1887 numerous traumatic
resin ducts 
2005-2021

4 - - - - -

5 1857 1835 1966/1967
1978/1979

1863/1864
2000/2001

-

6 1855 1845 1979/1980 1873/1874
1988/1989

-

7 1994 1984 - - -

8 1990 1980 - 2005/2006 -

The age of trees no. 2 and 4 was not determined (the inner part of trunks were decayed)
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in 2000-2004. Older blown down spruce 
specimens were dislocated with debris mate-
rial to lower located parts of the Cylowa Zer-
wa object, where deposited mineral material 
contains large accumulation of dead timber 
(Łajczak, 2008).

The extend of herb and grass vegetation 
together with Silesian willow was shifted 
up the slope above the tourist trail “Górny 
Płaj” after 1962, and more extensively after 
2000-2004. This made it possible not only 
to observe a large part of the Cylowa Zerwa 
area, but also to improve view values of this 
part of Mt. Babia Góra. 

Activation of the Cylowa Zerwa since 1905 
has caused periodical damage of tourist trail 
“Górny Płaj” which had been designated in 
1883. The repair works of this trail after 1962 
and 2004 lasted for several years. During 
that time the trail was periodically closed up 
which caused impediments to tourist traffic 
(Archive of the Babia Góra NP). It should be 
mentioned that during the sudden activa-
tion of the Cylowa Zerwa at the beginning of 
June 1962, in the conditions of long-lasting, 
intensive rainfalls (Fig. 10), a group of several 
dozen children that were walking along this 
trail, luckily avoided the disaster. 

After the stage of the Cylowa Zerwa 
activation in 1905, fissures and scarps 
developing above the main scarp (Fig.  9c) 
endangered slope stability along the tour-
ist trail “Górny Płaj”. Planting many Swiss 
stone-pine (Pinus cembra) trees in this area 
in the 1910s-1920s aimed to keep the trail 
in trim, which, after opening the shelter of 
the Tatra’s Society in 1906 on the northern 
slope of Mt. Babia Góra was the most popu-
lar route to reach the shelter. Thread to the 
tourist trail in the Cylowa Zerwa area was 
not at that time touted in order to have high 
tourist movement in the Polish shelter, which 
competed with German shelter of Beskiden-
verein organisation from Bielsko, which 
was built in 1905 at the southern slope of 
Mt. Babia Góra summit (Fig. 2a). This is prob-
ably the only plot of political nature con-
nected with the landslide functioning in the 
Carpathians. 

Figure 12. Probable changes in relief of the 
Cylowa Zerwa landslide – debris flow during the 
future phase of its activation. 1 – contemporary 
limit of the Cylowa Zerwa; 2 – boundary 
between segments (A) and (B), and (B) and (C); 
3 – present-day upper limit of the Cylowa Zerwa 
part, where relief changed due to landslide – 
debris flow activation in the period 1868-2004; 
4 – probable extend of the areas from which the 
debris material will be removed earliest (Fig. 6); 
5  –  supposed route of material transportation, 
place of its deposition depends on the amount 
of the activated material; 6 – different variants 
of the length of the transported material 
(transportation below the contemporary tongue 
front possible in further stages of the Cylowa 
Zerwa activation); 7 – timberline; 8 – probable 
avalanche route in further future, which may 
reach the highest located scarp in the segment 
(B); 9 – tourist trail “Górny Płaj”
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Prognosis of further development of the 
Cylowa Zerwa landslide – debris flow

Reliable prognosis of the further development 
of the Cylowa Zerwa landslide – debris flow 
may concern only the next, fifth stage of this 
object activation. This episode, considering 
the time span of ca. 45  years between the 
hitherto activity stages, will probably occur in 
2045. The areas in the segment (B) of the land-
slide – debris flow which are the most vulner-
able to debris material displacement include: 
(a) a zone with scarps above the larger scarp, 
where drunken forest dominates; (b) a narrow 
zone of the slope between two scarps; (c) vast-
er area at the eastern side of the larger scarp, 
where, up to the altitude of 1275  m  a.s.l., 
numerous scarps occupied by drunken forest 
occur as well as colluvial tongues. The  last 
mentioned area includes also lower located 
part of the slope up to the altitude of about 
1150  m a.s.l. (Fig.  12). The  contemporary 
hypsometry and topographic features of the 
areas (a), (b) and (c) are shown in Figs. 3, 4, 
6, 9e. Displacement of debris material from 
area (a) and especially area (c) will cause 
destruction of tourist trail “Górny Płaj” along 
the section of about 100 m. Deposition of this 
material will probably take place in the upper 
part of segment (C) of the Cylowa Zerwa, 
but it may include further part of this seg-
ment if relatively larger mass of material will  
get active. 

Further retreat of landslide – debris flow 
scarps up the slope in the segment (B) of the 
Cylowa Zerwa as far as the boundary with the 
segment (A), and also their joining and widen-
ing may occur in the next stages of the study 
object activation, however it is not possible to 
predict its date. In further future it may be pos-
sible that the lowest located snow avalanche 
routes under the Brona Pass will join the high-
est located young scarps within the Cylowa 
Zerwa landslide – debris flow. Produced in 
such conditions long avalanche-landslide-
debris flow routes will efficiently resist the 
succession of dwarf mountain pine bushes 
and spruce forest. They may also become an 
efficient source of debris material supplied 

even to the bottom of the Klinowy Stream  
Valley below the range of the segment (C) of 
the Cylowa Zerwa object. Such a distant extend 
of avalanches is pointed by a situation in the 
adjacent the Cylowy Stream Valley (Łajczak & 
Spyt 2018) the development history of which is 
similar to the Klinowy Stream Valley. 

The progressive overbuilding of the seg-
ment (C) of the Cylowa Zerwa landslide – 
debris flow with debris material may cause, 
in further prospect, imbalance of colluvia 
and their movement down the valley which 
will cause the shortening of the section of the 
Klinowy Stream Valley with no colluvial cover. 

Conclusions

The Cylowa Zerwa landslide – debris flow is 
the only one among the studied landslides 
of Mt. Babia Góra which is distinguished by 
clear bipartite nature of its relief. The upper 
part of this geomorphological object includes 
step-like arranged and backwardly rotated 
rock packages on the slope, whereas the 
landforms of the lower and middle parts of 
this object resemble landforms originated in 
conditions of a debris slide according to Dikau 
et al. (1996) or even debris flow. Such origin 
of this part of the Cylowa Zerwa landslide or/
and debris flow is indicated by the description 
of debris material movement in May 1868 
(Zapałowicz, 1880), and also by landforms 
which originated during the succeeding stag-
es of the geomorphological object activation. 
Another distinguishing feature of the Cylowa 
Zerwa landslide – debris flow is a  cyclical 
process of its activation which has occurred 
over the last 150  years every ca. 45  years 
and which has included exclusively its middle  
and lower parts. 

The Cylowa Zerwa landslide – debris 
flow occurs within over 400 m wide altitude 
interval (1430-1024 m a.s.l.), it contacts with 
structural flattenings of plateau, where it is 
adjacent to Main European Watershed and 
to Polish-Slovak boundary, and simultaneous-
ly penetrates to a deep valley of the Klinowy 
Stream. Two tourist trails go across the 
landslide – debris flow, and one goes along  
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its upper limit, which makes this object acces-
sible for observations, especially the part 
which undergoes periodical reviving. Easy 
access to the vast part of the Cylowa Zerwa 
landslide – debris flow causes that this geo-
morphological object possesses high edu-
cation values. Also the value of the Cylowa 
Zerwa landslide – debris flow as a geotourist 
object is very important, therefore it should 
be more extensively included in education 
activity of the Babia Góra National Park.

Acknowledgements

The Authors would like to thank two reviewers 
for their valuable comments.

Editors‘ note:
Unless otherwise stated, the sources of tables and 
figures are the authors‘, on the basis of their own 
research.

References
Alexandrowicz, S. W. (1978). The northern slope of Babia Góra Mt. as a huge rock slump. Studia Geomor-

phologica Carpatho-Balcanica, 12, 133-148.

Alexandrowicz, S. W. (2004). Zarys budowy geologicznej Babiej Góry. In B. W. Wołoszyn, A. Jaworski,  
& J. Szwagrzyk (Eds.), Babiogórski Park Narodowy. Monografia przyrodnicza (pp. 87-107). The Babia 
Góra National Park.

Archive of the Babia Góra National Park. Unpublished data since the 1950s.

Bajgier-Kowalska, M. (2002). Zastosowanie lichenometrii w datowaniu stoków osuwiskowo-obrywowych 
w Beskidzie Żywieckim (Karpaty fliszowe). Czasopismo Geograficzne, 73(3), 215-230.

Bober, L., & Oszczypko, N. (1973). Ekspertyza geologiczna dotycząca terenu osuwiskowego na północnym 
stoku Babiej Góry w rejonie Borsuczych Skał (pp. 1-14). Archive of the Babia Góra National Park.

Břežný, M., & Pánek, T. (2017). Deep seated landslides affecting monoclinal flysch morphostructures: 
Evaluation of LiDAR-derived topography of the highest range of the Czech Carpathians. Geomorphol-
ogy, 285, 44-57. https://10.1016/j.geomorph.2017.02.007

Celiński, F., & Wojterski, T. (1983). Szata roślinna Babiej Góry. In K. Zabierowski (Ed.), Park Narodowy na 
Babiej Górze: Przyroda i człowiek (pp. 121-177). Warszawa-Kraków: Państwowe Wydawnictwo Naukowe.

Czajka, B., Łajczak, A., & Kaczka, R. J. (2015). The dynamics of the timberline ecotone on the asymmetric 
ridge of the Babia Góra Massif, Western Carpathians. Geographia Polonica, 88(2), 85-102.  
https://doi.org/10.7163/gpol.0017

Dikau, R., Brunsden, D., Schrott, L., & Ibsen, M. L. (Eds.). (1996). Landslide recognition: Identification, 
movement and causes. Chichester: John Wiley and Sons.

Hojny-Kołoś, M. (1972). Historyczne i współczesne trzęsienia ziemi w Karpatach polskich. Materiały 
i Prace Instytutu Geofizyki PAN, 51, 171-178.

Holeksa, J., & Szwagrzyk, J. (2005). Szata roślinna. In D. Ptaszycka-Jackowska (Ed.) Światy Babiej Góry 
(pp. 41-93). The Babia Góra National Park.

Jankowski, L. (2022). Budowa geologiczna Babiej Góry. In A. Łajczak (Ed.), Przyroda nieożywiona Babiej 
Góry (in print). The Babia Góra National Park.

Jankowski, L., & Margielewski, W. (2014). Strukturalne uwarunkowania rozwoju rzeźby Karpat zewnętrz-
nych, nowe spojrzenie. Przegląd Geologiczny, 62(1), 30-35.

Jankowski, L., & Margielewski, W. (2021). Geological control of young orogenic mountain morphology; 
From geomorphological analysys to reinterpretation of geology of the Outer Western Carpathians. 
Geomorphology, 386 (2). https://doi.org/10.1016/j.geomorph.2021.107749

https://doi.org/10.1016/j.geomorph.2021.107749


100 Adam Łajczak et al.

Geographia Polonica 2023, 96, 1, pp. 79-101

Jankowski, L., Margielewski, W., Garecka, M., & Kowalska, S. (2019). Stop 6. A rocky section of the 
Skawica riverbed in Zawoja, with an association of faults of different ages. In L. Jankowski, Warsztaty 
terenowe: Od podnóża Tatr po brzeg Karpat. Współczesne wyzwania kartografii geologicznej.  
Przewodnik do wycieczki terenowej (pp. 59-65). PIG-PIB Publication.

Kłapyta, P. (2020). Geomorphology of the high-elevated flysch range – Mt. Babia Góra Massif (Western 
Carpathians). Journal of Maps, 16(2), 689-701. https://doi:10.1080/17445647.2020.1800530

Kondracki, J. (1998). Geografia regionalna Polski. Warszawa: Państwowe Wydawnictwo Naukowe. 

Książkiewicz, M. (1963). Zarys geologii Babiej Góry. In W. Szafer (Ed.), Babiogórski Park Narodowy  
(pp. 69-89). Kraków: Państwowe Wydawnictwo Naukowe. 

Książkiewicz, M. (1971). Objaśnienia do szczegółowej mapy geologicznej Polski. Arkusz Zawoja. Skala 
1:50,000. Warszawa: Państwowy Instytut Geologiczny. 

Książkiewicz, M. (1983). Zarys geologii Babiej Góry. In K. Zabierowski (Ed.), Park Narodowy na Babiej 
Górze: Przyroda i człowiek (pp. 25-39). Warszawa – Kraków: Państwowe Wydawnictwo Naukowe.

Łajczak, A. (1995). Matka Niepogód. In U. Janicka-Krzywda, & A. Łajczak (Eds.), Babiogórskie ścieżki  
(pp. 97-224). Poznań: Colgraf-Press. 

Łajczak, A. (1998). Charakterystyka geomorfologiczna Babiogórskiego Parku Narodowego. Plan Ochrony 
BgPN. Archive of the Babia Góra National Park.

Łajczak, A. (2008). The Cylowa Zerwa landslide on the Babia Góra massif (1725), development over the 
last 140 years. Proceedings of the International Conference “State of the geomorphological research 
in the year 2008”, Šlapanice, Czech Republic.

Łajczak, A. (2013). Relief development of a highly elevated monoclinal Babia Góra range built by Magura 
sandstones, Western Carpathian Mts. In P. Migoń, M. Kasprzak (Eds.), Sandstone landscapes. Diver-
sity, ecology and conservation (pp. 100-105). The University of Wrocław.

Łajczak, A. (2014). Relief development of the Babia Góra massif, Western Carpathians. Quaestiones 
Geographicae, 33(1), 89-106. https://doi.org/10.2478/quageo-2014-0006

Łajczak, A. (2016). Wody Babiej Góry. The Babia Góra National Park.

Łajczak, A. (2022a). Relief of Mt. Babia Góra, the highest flysch ridge in the Western Carpathians.  
In P. Migoń, K. Jancewicz (Eds.), World Geomorphological Landscapes. Landscapes and Landforms  
of Poland (in print). Springer. 

Łajczak, A. (2022b). Przyroda nieożywiona Babiej Góry. In J. W. Szwagrzyk (Ed.), Lasy Babiej Góry  
(in print). The Babia Góra National Park.

Łajczak, A., Czajka, B., & Kaczka, R. J. (2014). The new features of landslide relief discovered using LiDAR. 
Case study from Babia Góra massif, Western Carpathian Mountains. Quaestiones Geographicae, 33 
(3), 73-84. https://doi.org/10.2478/quageo-2014-0031

Łajczak, A., & Migoń, P. (2007). The 2002 debris flow in the Babia Góra massif – implications for the 
interpretation of mountainous geomorphic systems. Studia Geomorphologica Carpatho-Balcanica, 41, 
97-116.

Łajczak, A., & Spyt, B. (2018). Differentiation of vertical limit of forest at the Babia Góra Mt., the Western 
Carpathian Mountains. Geographia Polonica, 91(2), 217-242. https://doi.org/10.7163/GPol.0118

Margielewski, W. (2006). Structural control and types of movements of rock mass in anisotropic rocks: 
Case studies in the Polish Flysch Carpathians. Geomorphology, 77 (1-2), 47-68.  
https://doi.org/10.1016/j.geomorph.2006.01.003

Margielewski, W. (2009). Problem of structural landslides in the Polish Flysch Carpathians in the light of 
unified criteria of the mass movement classification – a critical review. Przegląd Geologiczny, 57(10), 
905-917.

Midowicz, W. (1930). Babia Góra. Monografia turystyczna. Żywiec: Wydawnictwo Oddziału Babiogórskie-
go Polskiego Towarzystwa Tatrzańskiego – Tom 1.

https://doi:10.1080/17445647.2020.1800530


© Adam Łajczak et al.
© Geographia Polonica
© �Institute of Geography and Spatial Organization 

Polish Academy of Sciences  •  Warsaw  •  2023

Article first received  •  August 2022
Article accepted  •  December 2022

Open acces article under the CC BY 4.0 license

101Cylowa Zerwa landslide – debris flow forms on Mount Babia Góra (1725) and their…

Mrozek, T., Kułak, M., Grabowski, M., & Wójcik, A. (2014). Landslide counteracting system (SOPO) inven-
tory database of landslides in Poland. In K. Sassa, P. Canuti, & Y. Yin (Eds.), Landslide science for a safer 
geoenvironment (pp. 815-820). https://doi.org/10.1007/978-3-319-05050-8_126

Niemirowski, M. (1963). Szkic geograficzny obszaru babiogórskiego. In W. Szafer (Ed.), Babiogórski Park 
Narodowy. Kraków: Zakład Ochrony Przyrody PAN.

Niemirowski, W. (1983). Rzeźba obszaru babiogórskiego. In K. Zabierowski (Ed.), Park Narodowy  
na Babiej Górze. Przyroda i człowiek (pp. 9-23). Warszawa: Państwowe Wydawnictwo Naukowe.

Nowacki, G. J., & Abrams, M. D. (1997). Radial-growth averaging criteria for reconstructing disturbance 
histories from presettlement-origin oaks. Ecological Monographs, 67, 225-249.  
https://doi.org/10.1890/0012-9615(1997)067[0225:RGACFR]2.0.CO;2

Ondrášik, R. (2002). Landslides in the West Carpathians. In J. Rybář, J. Stemberk, & P. Wagner (Eds.), 
Landslides (pp. 45-57). https://doi.org/10.1201/9780203749197

Pánek, T., Břežný, M., Kapustová, V., Lenart, J., & Chalupa, V. (2019). Large landslides and deep-seated 
gravitational slope deformations in the Czech Flysch Carpathians: New LiDAR-based inventory.  
Geomorphology, 346. https://doi.org/10.1016/j.geomorph.2019.106852

Płaza, J. (2004). Turystyka w Babiogórskim Parku Narodowym. In B. W. Wołoszyn, A. Jaworski,  
& J. Szwagrzyk (Eds.), Babiogórski Park Narodowy. Monografia Przyrodnicza (pp. 71-83). The Babia 
Góra National Park.

Schweingruber, F. G. (1989). Tree rings basics and applications of dendrochronology. Dordrecht: Kluwer. 

Schweingruber, F. G., Eckstein, D., Serre-Bachet, F., & Bräker O. U. (1990). Identification, presentation, 
and interpretation of event years and pointer years in dendrochronology. Dendrochronologia, 8, 9-37. 
https://www.dora.lib4ri.ch/wsl/islandora/object/wsl:2189

Starkel, L. (1972). Karpaty Zewnętrzne. In M. Klimaszewski (Ed.), Geomorfologia Polski, T. 1, Polska Połu-
dniowa. Góry i wyżyny (pp. 52-115). Warszawa: Państwowe Wydawnictwo Naukowe.

Wójcik, A., Rączkowski, W., Mrozek, T., Nescieruk, P., Marciniec, P., & Zimnal, Z. (2010). Babiogórski Park 
Narodowy. Mapa Geologiczno-Turystyczna. Skala 1:13,000. Warszawa: Państwowy Instytut Geologiczny.

Yamaguchi, D. K. (1991). A simple method for cross-dating increment cores from living trees. Canadian 
Journal of Forest Research, 21, 414-416. https://doi.org/10.1139/x91-053

Zapałowicz, H. (1880). Roślinność Babiej Góry pod względem geograficzno-botanicznym. Sprawozdanie 
Komisji Fizojograficznej Akademii Umiejętności, 14, 79-250.

Zielonka, T. (2006). When does dead wood turn into a substrate for for spruce replacement?.Journal  
of Vegetation Science, 17, 739-746. https://doi.org/10.1111/j.1654-1103.2006.tb02497.x

Ziętara, T. (2004). Rzeźba Babiej Góry. In B. W. Wołoszyn, A. Jaworski, & J. Szwagrzyk (Eds.), Babiogórski 
Park Narodowy. Monografia przyrodnicza (pp. 109-135). The Babia Góra National Park.

https://doi.org/10.1111/j.1654-1103.2006.tb02497.x

	Contents of Vol. 96 Issue 1



