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Lichenometry uses lichen thallus increment as a time measure. Since the 1950s, it
has been considered a useful method for dating rocky landforms developed over
the past 500 years, as other methods are not suitable for such timescales. Rock
walls and colluvial blocks are the basic elements in the morphology of rock land-
slides, which are colonized by the Rhizocarpon lichens. This paper shows the as-
sumptions of lichenometry as well as its applications in geomorphological re-
search in Poland and worldwide. The results of lichenometric datings of landslide-
bouldery walls and colluvial blocks are presented. This study helps identify the
landslide episodes instigated in historical time. The obtained results show that
several generations of landslide-rockfall forms old as well as apparently new and
active ones occur on the investigated slopes.

Key words: lichenometric dating, landslide, upper Holocene, Polish flysch Carpa-
thians

INTRODUCTION

As a dating technique, lichenometry is alternative to dendrochronology, ra-
diocarbon and TL-dating. It is most useful for dating rock surfaces exposed over
the past 500 years (Innes 1990), since many other techniques are not suitable for
such timescales. This method uses thallus size increment as time measurement.
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Lichens occur in all climatic zones. They are thallus organisms that is they
do not have roots, stems and other organs, and are associations of algal and fun-
gal cells. The body of a lichen consists of fungal hyphae joined by algal cells,
constituting an entity in terms of both physiology and anatomy. Lichens are pio-
neer plants, settling in places which provide no habitats for other organisms, es-
pecially on rockwalls, boulders and bare rock surfaces inaccessible to vascular
plants. Such features constitute elementary units in the morphology of slopes
subject to mass wasting and thus are common in landslide-controlled areas. Li-
chens colonize places with access to light and water contained in the air. Com-
monly, lichens are the only autotrophs for hundreds of years (Bystrek 1997).
Insoluble in water, lichens create a coating on a rock surfaces protecting it from
the action of the elements. The lichens of the Rhizocarpon genus are character-
ized by a very low growth-rate which allows dating rock surfaces over time-
scales of hundreds and, in case of cold environments, thousands of years from
the present (Innes 1983 and 1990). The thalli of Rhizocarpon geographicum
live between 4000 and 4500 years, though the age of some thalli of Rhizocar-
pon genus has been estimated to 9000 years (Lipnicki and Wéjciak 1995).

Lichenometry is based on the knowledge of the relationship between the size
of the lichen thallus and its age. Once such relationship has been established the
age of a rock surface can be derived from the size of the lichen thalli covering
it. This technique has been employed in various fields, but its application has
become common in geomorphology and archaeology. Beschel (1950) was the
first to state, on the basis of the observations of tombstones and moraine boul-
ders of known age, that the lichen thallus size indicates the length of time a
given surface has been exposed to subaerial conditions. Beschel (1950) identi-
fied three stages of lichen ontogeny:

(a) juvenile stage: symbiotic recombination of alga and fungus,

(b)a short stage of rapid growth and habitat expansion, when a lichen at-
taches to the surface and shows the fastest growth rate continuing until the ma-
turity stage is attained,

(c) maturity stage characterized by slow growth rate and aging.

At the same time Beschel did not exclude linear growth, however, in this
case the above-mentioned stages cannot be distinguished. Quantification of the
relationship between lithology and climatic conditions on the one side and li-
chen type and its growth rate on the other is the basic premise in lichenometry.
In cold climate areas, juvenile thalli on fresh rock faces are discernible as soon
as two or three years after their occurrence (Kiszka 1964). The length of this
period amounts to eight — ten years in the High Tatra Mountains, reaching tens
of years in more severe environments (Lewkowicz and Hartshorn 1998). The
relative age of rock surfaces can be estimated from the extent of lichen cover-
age. Their absolute age can be derived from lichen growth-rate curve, computed
on the basis of annual growth rate of the thalli present on the surfaces of *known
age’. The lichen thallus growth-rate curve represents a functional relationship
between maximum thallus diameters and their ages, measured in years (marked
on y-axis and x-axis respectively). Initially, the relationship is logarithmic, fur-
ther changing into an almost linear one.

Geomorphological literature abounds in lichen growth-rate curves, plotted
for various areas located in different climatic zones and indicating growth rate
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in milimeters per 100 years. The thalli growth rate for montane areas in temper-
ate climates ranges from 20 to 50 mm per 100 years.

Over the past 50 years, several lichenometric techniques have been devel-
oped, relating mostly to the selection of taxa for dating, measurement methods
and the number of samples. Innes (1990) presented a list of taxa used for dating,
which are characterized by low growth-rate. The species used for dating rock
surfaces are Rhizocarpon, a distinctive yellow or yellow-green-coloured crus-
tose lichen growing on siliceous rocks and the orange-coloured Xantoria, which
colonizes calcareous rocks. This author also describes various techniques for
measuring lichen size, recommending the use of the longest axis as the size in-
dicator, which is the most common technique used nowadays. The majority of
authors also derive the age of rock surface on the basis of the mean size of the
five largest uncoalesced thalli found at the site (Lock et al. 1979, Innes 1990).

THE APPLICATION OF LICHENOMETRY IN
PALAEOGEOGRAPHICAL STUDIES

Geologists and geomorphologists worldwide have found lichenometry a use-
ful method for dating rock features, particularly in the reconstruction of deglaci-
ation phases in high-mountain areas (Beschel 1950, Benedict 1967, Andersen
and Sollid 1971, Burrows 1971, Luckman 1977, Kotarba 2000 and 2001), in
arctic areas (Denton and Karlén 1973, Birkenmajer 1979a, 1979b); in the stud-
ies of landform dynamics in glaciated and non-glaciated areas under periglacial
morphogenesis (Ballantyne 1982, Dyke 1990), in the studies of high-mountain
and arctic valley floors and transformation of talus cones by catastrophic geo-
morphic processes (Innes 1983, André 1986 and 1990, Kotarba 1988, 1989 and
1992, Luckman 1995, Hietaranta and Liira 1995), Blijenberg 1998, Ferber
2002); in determining talus accretion rates (Luckman 1995, Kotarba 1988) as
well as determining the retreat rates of rock glaciers that is forms diagnostic for
permafrost occurrence (Holzhausner 1984, Haeberli 1985); for the reconstruc-
tion of the extent of snow cover in the Japanese Alps (Iwafune 1997); for dating
rockwalls and colluvium in the Beskid Slaski and the Beskid Zywiecki Moun-
tains (Bajgier 1992, Bajgier-Kowalska 2001a, 2001b, 2002) and in various ar-
chaeological studies.

Kotarba was the first to use lichenometry in Poland (1988, 1989, 1992 and
1997) in order to reconstruct the phases of intensified slope transformation by
mass movements, particularly debris flows. The author observed that over the
last 300 years there had been phases of accelerated activity of storm waters on
the talus slopes during heavy rainfalls. Dating debris-flow tracks provides evi-
dence for the intensification of slope alluviation which occurred in the years
1810-1835, 1843-1852, 1860-1880 and at the beginning of the 20th century
(1900-1905). A distinct climate humidification and weather instability were
connected with marked advance of Alpine glaciers during the Little Ice Age,
particularly in its final stage dated to the years 1790-1860. Lichenometric dating
conducted at the foot of the Skalnisty Piarg talus located by Lake Morskie Oko
showed that the largest rockfalls from the slopes of Mieguszowiecki Szczyt
took place at the beginning of the 18th century and in the first half of the 20th
century. The method has also been applied in geomorphological research in the
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Ecrins Massif in the French Alps (Kotarba 2000 and 2001), where glacier reces-
sion phases (from the maximum extent of the Little Ice Age to the present) were
dated in some valleys. At the same time, the papers fully deal with the method-
ology of lichenometric dating.

Lichenometric dating is based on the assumption that the thalli of the largest
lichens indicate the age of the surface which they colonize as the first and fast-
est-growing individuals. Since lichen growth is mostly dependent on lithology
and climatic conditions of the habitat, growth-rate curve and thallus growth rate
[mm/year] ocught to be computed for each study area. In the Polish Tatra Moun-
tains, it has been estimated at 38,1 mm/100 years for the very cool climatic belt
(1550-1850 m asl) and 32,5 mm/100 years in the moderately cold climatic belt
(1850-2000 m asl) (Kotarba 1988 and 1989), while in the Beskidy the rates are
42,8 mny/100 years (cool climatic belt: 980-1390 m asl) and 39,6 mm/100 years
(very cool climatic belt: 1390-1650 m asl) (Bajgier 1992, Bajgier-Kowalska
2001a, 2001b).

LICHENOMETRIC DATING OF LANDSLIDE SLOPES

In the Polish flysch Carpathians, mass movements are widespread and are
usually related to favourable lithologic and tectonic as well as climatic condi-
tions. Mass movements play an important role in the transformation of slope
and valley-side relief. Landsliding is the most common process, characterized
by a long development cycle. Landslide-related slope deformations proceed in
stages, resulting from overlapping different-age movements. The majority of
contemporary landslides develop within the extensive old forms as a result of
their repeated reactivation (Zigtara 1964, Jakubowski 1974, Alexandrowicz
1978 and 1996, Kotarba 1986, Starkel 1991, Margielewski 1994 and 2001, Al-
exandrowicz and Alexandrowicz 1998).

The phasal development of landsliding makes dating landslide forms exceed-
ingly difficult. Constituent sections of the large old deep-seated forms are in dif-
ferent stages of development. Landslide features preserved on slopes resulted
from multiple dislocations of colluvium over the same surface. It is then diffi-
cult to ascertain whether the dated feature of a landslide started as an initial
form or represents a phase in its development. However, such questions become
irrelevant if the frequency of mass movements related to extreme climatic con-
ditions is to be defined. In a given period of time, parts of old forms may be ac-
tivated as well as new movements can be triggered enlarging the area of land-
slide-affected slopes.

The radiocarbon dating and biostratigraphic methods (Mollusca, pollen and
plant macrofossil analyses) as well as lichenometry, dendrochoronology and
historical data provided means for dating several landslides, rockfalls and debris
flows, which had occurred or been reactivated during the Vistulian and the
Holocene (Gil et al. 1974, Alexandrowicz 1984, 1985 and 1996, Kotarba 1988
and 1989, Krapiec and Margielewski 1991, Bajgier 1992, Margielewski 1994,
1997 and 2001, Wéjcik 1996, Alexandrowicz and Alexandrowicz 1998). On the
basis of the age distribution of the dated forms, Alexandrowicz (1996 and 1998)
distinguished phases of increased magnitude of slope processes in the Polish
Carpathians. These phases, associated with climate change, are reflected in ac-
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celerated activity of fluvial processes (Starkel 1986). The youngest phase of in-
creased mass-movement activity corresponds to climate changes occurring dur-
ing the Little Ice Age (Alexandrowicz 1996).

Rockwall, rock masses and colluvial blocks, covered with Rhizocarpon
thalli, constitute elementary features of rock landslides. The lichenometric
method, as the most useful in dating substrate exposed over the last 500 years
(Innes 1990), was employed to date stages in the development of selected land-
slide surfaces in the youngest Holocene.

Fig. 1. Lacation map of the study area

In the Beskid Slaski Mountains (Fig. 1), deep-seated landslides with distinct
scarps occur; reaching dozens of metres in depth. These landforms are most
commonly built of thick-bedded Godula sandstones (Bajgier 1989 and 1992)
which are colonized by Rhizocarpon lichens. On the basis of precisely dated
rock surfaces with Rhizocarpon thalli, a lichen growth-rate curve for the cool
belt was plotted (Fig. 2). The mean annual temperature in this zone (980-1390
m asl) ranges from +2 to +4°C, mean annual precipitation is 1590 mm and
mean annual duration of snow cover reaches 180 days (Hess 1965). The Rhizo-
carpon thalli growth rate computed for the cool belt averages 42,8 mm/100
years (Bajgier 1992). Lichenometric dating of rockwalls and crevices of the
studied landslides on the eastern and southern slopes of Skrzyczne (Fig. 3), on
the eastern slopes of Malinowska Skata and the south-eastern slopes of Barania
Gora indicate that they were generated between 100-250 years ago. Periods
with a considerable frequency of landslide occurrence can be distinguished
(1770-1775, 1813-1815, 1861-1870, and 1884-1885). These periods overlap
with large floods occurring in the Carpathians as well as with climate humidifi-
cation towards the close of the Little Ice Age.
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Fig. 2. Growth curves of Rhizocarpon lichen in the Carpathians

1 — cool belt in the Beskid Slaski (Bajgier 1992), 2 — very cool belt in the Beskid Zywiecki
(Bajgier-Kowalska 2002), 3 — very cool belt in the Tatra Mts (Kotarba 1988), 4 — moderate cold
belt in the Tatra Mts (Kotarba 1988)
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Fig. 3. Plan and cross-section of landslide complex on the eastern slope of Skrzyczne
(Beskid Slaski Mts.). Stages of landslide development on the basis of lichenometric
dating

I — landslide niches, 2 — blocky slopes (blocks and rocky debris), 3 — rocky-landslide packs,
4 - tunnel landslides, 5 — cracks and fissures, 6 — clear landslide ramparts, 7 — sandstones series,
8 — dislocations, 9 — hostel
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The Beskid Zywiecki Mountains, located within the Magura Nappe, does not
constitute a uniform massif, but consists of several ranges extending in a latitu-
dinal direction. Furthest to the south is the Wielka Racza range, and the main
ridge stretches from Wielka Racza (1236 m asl), Jaworzyna (1176 m asl),
Wielka Rycerzowa (1226 m asl) to Oszast (1152 m asl). In the north-east direc-
tion, there is the massive Pilsko range, dissected radially by deep valleys with
large landslides in headwater areas. Pilsko (1557 m asl), Lipowska (1324 m
asl), Romanka (1366 m asl) and Boraczy Wierch (1144 m asl) are the highest
peaks in this mountain group. With the exception of Pilsko, the remaining
ridges are located in the cool belt.
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Fig. 4. Distribution of Rhizocarpon lichen posts around landslide rock walls in the
Beskid Zywiecki according to Nowak (1998)

1 — important peaks, 2 — lichen sites

The Rhizocarpon lichens occur on rockwalls, mostly within landslide scarps,
and on dislocated blocks found in colluvial deposits (Nowak 1998, Fig. 4). Li-
chen thalli were measured on five landslide scarps and at eight sites located in
block-debris colluvium on the slopes of Romanka, Rysianka, Lipowska and Bo-
raczy Wierch in the cool belt (above 980 m asl). The rockwalls of these land-
slides are composed of the Magura sandstones. Below the rockwalls, block
fields resulting from rockfall occur or alternatively, there are ridges composed
of rock particles and separated by crevices or furrows (Figs. 5 and 6).

Results of the analyses of thalli diameters from the Lipowska-Romanka
range demonstrate that the oldest thalli occur on colluvial boulders, whilst the
youngest individuals are present on the landslide scarp. This indicates that the
studied landslide forms developed in separate stages, dated to 1610, 1705-1720,
1802, 1934-1935, 1960 when the largest, regular in shape and uncoalesced thalli
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were first established on freshly exposed rock surfaces. These dates mark the
stages in landslide evolution and correspond to wet periods in the younger
Holocene.

Fig. 5. Stages of landslide development on the western slope of Rysianka on the basis of
lichenometric dating
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Fig. 6. Stages of landslide development on SW slope of Romanka on the basis of
lichenometric dating

1 — the landslide originating from 1610, 2 — the reactivation of the landslide by the boulder in
1802

During heavy-rainfall events, middle and low sections of the landslides were
transformed by debris-mud flows, which destroyed lichen thalli. Linear flow of
rock debris within a landslide form results in debris-creep valleys. In the juve-
nile stage they are shallow with narrow floor and gentle sides. At a successive
stage, the valley floor is widened while its sides become steeper through under-
cutting by repeated debris-flows. The last episode of landslide remobilization
and dissection of colluvium by debris-mud flows occurred during the floods of
1996 and 1997.

Babia Géra (1725 m asl) is the highest peak in the Polish flysch Carpathians,
and its isolated massif stretches for about 10 km in the east-west direction. The
massif constitutes a large asymmetrical syncline filled with the Magura sand-
stone dipping south at the angle of 15-25° and underlain by the Hieroglyph lay-
ers with a predominance of shales. The low inclination of rock beds caused the
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asymmetry of relief of Babia Géra. The northern slope, developed on the fronts
of the Magura sandstone beds, is markedly steep with numerous rockwalls
reaching inclinations of 70°. This slope can be regarded as a major landslide
feature, the size of which is unprecedented in the Carpathians (Alexandrowicz
1978). The rear scarp of an extensive rock slump, which originated in late Pleis-
tocene, comprises numerous large landslides (Zigtara and Zigtara 1958, Zigtara
1962). The uppermost sections are covered with compact rock rubble descend-
ing to 1600 m asl. Accordant to the dip of rock beds, the southern slope is char-
acterized by a somewhat monotonous relief, with consequent-structural land-
slides and block fields covering considerably smaller area. The step-like longi-
tudinal profile of the ridge features classic cryoplanation terraces (Zietara
1989). Two features are typical of Babia Géra: considerable elevation and isola-
tion. These two factors influence the climate, which is characterized by distinct
altitudinal variability; its severity in the uppermost sections of the massif makes
Babia Gdéra similar to high-mountain areas.

Fig. 7. Rhizocarpon lichen with thalli diameter of 150 millimeters, located on the wall
of the landslide scarp of Babia Géra (Izdebczyska)

The rockwalls of Babia Gdra are colonized by lichens of the Rhizocarpon
genus (Figs. 7 and 8). The research was conducted between the years 1999-
2000, at 24 sites located on rockfall-rock slide faces of the northern slopes of
Babia Goéra (Fig. 9), belonging to the very cool belt (1390-1650 m asl). The
mean annual temperature in this zone ranges from +2 to 0°C, mean annual pre-
cipitation is 1750 mm and snow cover duration averages 215 days (Hess 1965,
Obrgbska-Starklowa 1983). The analysis of thalli diameters shows that the larg-
est and uncoalesced individuals started to develop around the year 1560 — rock-
wall at Sokolica, in 1609 and 1715 (Izdebczyska), 1748 (the rockwall of Filar)
and in the second half of the 18th century. Thalli sizes also point to the reactiva-
tion of mass-wasting processes in the 19th century (the years: 1829-1833, 1844-
1848, 1861-1869, 1881-1884) and at the beginning of the 20th century. These
periods coincide with the wet climatic phase associated with the Little Ice Age,
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and the following years characterized by increased precipitation which pro-
duced severe landsliding on the slopes and flooding of valley floors. The num-
ber of dated rockwalls for the given age intervals shows that the increase in age
corresponds to the decrease in the number of preserved rockwalls. This points to
the high intensity of mass wasting.

Fig. 8. Fragment of the landslide blocks on the slope of Babia Géra overgrown with
Rhizocarpon thalli

Fig. 9. Distribution of Rhizecarpon lichen posts around landslide rocky walls on the
slope of Babia Géra

1 — frost residual, 2 — flattenings in the longitudinal profile of the ridge, 3 — wall of the big rocky
slump, 4 — cracks, 5 - rocky gullies filled with debris tongues, 6 — landslide niches with a smail
number of rocky forms, 7 — walls of landslide niches with high rocky forms, 8 — landslide-debris
slopes, 9 — rocky fields and debris, 10 — lichen sites
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According to the lichenometric dating employed on the northern slopes of
Babia Goéra as well as on the western and eastern slopes of Pilsko, at sites lo-
cated above the timberline and in the very cool belt, there are several genera-
tions of landslide forms, both old and apparently young active ones (Figs. 10
and 11). The morphology of the slopes developed under the influence of re-
peated mass-wasting events spaced in time and occurring in different sections of
the slope. Landslide-related slope dislocations proceeded in stages and reflect
subsequent generations of overriding rockfall-landslide movements.

Fig. 10. Fragment of landslide scarp on the northern slope of Babia Géra (Kepa) dated
by lichenometry

Fig. 11. Fragment of landslide crack on the western slope of Pilsko dated by
lichenometry
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FINAL REMARKS

Lichenometric dating of slide-and rockwalls, boulders and colluvium sug-
gests that the slopes experience a sequence of development through secondary
landslide episodes overlapping with the new rockfall and landsliding move-
ments. Slopes in the Beskidy develop in successive stages. This is shown by the
remnants of extensive old scarps on the slopes of Babia Géra, Pilsko, Romanka
and Lipowska in the Beskid Zywiecki, as well as on Skrzyczne, Malinowska
Skata and Barania Géra in the Beskid Slaski. “Fresh” distinct landslides are the
result of yet another phase in the evolution of landslide-controlled slopes. The
majority of the large, contemporary landslide forms present on the slopes of the
flysch Carpathians are located within the older forms of the same origin. As
such they should be considered as a manifestation of successive phases in the
development of the landslide slope.
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Fig. 8. The dating results with lichenometric method of debris flow and landslide rocky
walls in the Carpathians

A — the periods of debris flow formation in the Tatra Mountains (Kotarba 1988 and 1997), B — the

age of landslide rocky walls in the Beskid Slaski (Bajgier 1992), C — the age of landslide rocky

walls in the Beskid Zywiecki
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This attempt at dating landslide rockwalls and colluvia by means of liche-
nometry helped identify the landslide episodes instigated in historical time (Fig.
12). The results obtained show that both reactivation and triggering of landslide
movements in the Beskidy Mountains should be attributed to extreme climatic
conditions. According to the research findings, such conditions occurred in the
following years: 1560, 1609-1610, 1705-1720, 1748, 1798, 1829-33, 1861-
1869, 1881-1884, 1910-1916, 1934-35 and 1959-1960. However, the earlier
landslide episodes are less easily recognizable, as their traces are preserved only
when the subsequent stage was smaller in extent. The lichenometric dating dis-
cussed above has allowed us to reconstruct the history of landslide episodes
over the last 500 years. Earlier phases of mass movement are evident but were
considered impossible to date with this technique as the lichen thalli found on
the rockwalls were coalesced.

Apart from secondary dislocations within landslides, slopes undergo consid-
erable transformation by denudation, especially rockfall, sheetwash and dissec-
tion by debris-mud flows. These processes were active on deep-seated rock
landslides in the years 1958, 1996, 1997 and 2001. The magnitude and activity
of such processes depends on landslide morphology as well as on the intensity
and pattern of precipitation. The studies on landslide slopes and their develop-
ment may be useful for prediction purposes, especially in view of recent settle-
ment development on old landslide forms. Their remobilization caused damage
and serious economic and moral loss.
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Matgorzata Bajgier—Kowalska

VYUZITIE LICHENOMETRIE PRI DATOVANI ZOSUVNYCH
SVAHOV VO FLYSOVYCH KARPATOCH

Lichenometrické datovanie reliéfu pouzili mnohi geolégovia a geomorfolégovia
v réznych regiénoch: Alpy, Svédsko, Nérsko, Kanada, arktické oblasti (Beschel 1950,
Andersen a Sollid 1971, Denton a Karlén 1973, Luckman 1977 a 1995, Birkenmajer
1979a, b, Ballantyne 1982, Innes 1983 a 1990, André 1986 a 1990, Dyke 1990, Hieta-
ranta a Liira 1995, Blijenberg 1998, Kotarba 2000 a 2001), ako aj v Tatrach (Kotarba
1988, 1989, 1992 a 1997, Ferber 2002) a Beskydach (Bajgier 1992, Bajgier-Kowalska
2001a, 2001b, 2002) v Pol'sku. Lichenometria sa zakladd na tom, Ze stielky lifajnikov
s najviacsim priemerom naznacuji vek povrchu, ktory obrastaji ako prvy a Ze intenzita
ich rastu bola optimilna. Druh Rhizocarpon, ktory sa vyvija pomaly, sa beZne pouZiva
na datovanie skalnatého povrchu. Rychlost vyvoja lisajnikov je rézna v réznych klima-
tickych zénach a pasmach. Preto je potrebné vypracovat’ vyvojovi krivku stielky lidaj-
nika a koeficient vyvoja liSajnika a zhodnotit’ takzvany lichenometricky model. V Pol-
sku (obr. 2) bol zhodnoteny pre vel'mi chladné pdsmo (38,1 mm/100 rokov) a stredne
studené pasmo (32,5 mm/100 rokov) v Tatrach (Kotarba 1988 a 1989), pre chladné pis-
mo (42,8 mm/100 rokov) a vel'mi studené pasmo (39,6 mm/100 rokov) v Beskyddch
(Bajgier 1992, Bajgier-Kowalska 2001a, b).

LiSajnik Rhizocarpon kolonizuje strmé skalné steny na zosunutych hlbinnych horni-
nich, ¢o je bezny reliéf flySovych Karpat. Krivky intenzity rastu liSajnika Rhizocarpon,
zostavené pre chladné a vel'mi chladné klimatické piasma, sa pouZili na urenie faz vy-
voja svahov postihnutych masovym zvetrdvanim. Najviicsie stielky nijdené na skalnych
stendch a puklindch skiimanych foriem zosuvného reliéfu na svahoch Skrzyczne (obr.
3), Malinowska Skata a Barania Géra v Beskyddch mali 100-250 rokov.

Vysledky rozborov priemerov stielky z oblasti Lipowska-Romanka (Beskid Zywiec-
ki) dokazuju, Ze najstarSie z nich sa vyskytuji na koluvidlnych balvanoch a najmladsie
individud sa nachddzaji na zosuvnych skalnych stenich (obr. 5 a 6). To naznacuje, Ze
studované zosuvné formy sa vyvijali v oddelenych fazach a si datované do rokov 1610,
1705-1720, 1802, 1934-1935, 1958-1960, ked’ sa najvicSie stielky s pravidelnym tva-
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rom a nezrastené po prvy raz usidlili na ,&erstvo” odkrytom skalnom povrchu. Tieto
ditumy ozna€uju fazy vyvoja zosuvov a zodpovedaji vlhkym obdobiam v mlad$om
holocéne.

Lichenometricky vyskum sa realizoval v rokoch 1999-2000 na najvy§§om masive
pol'skych flySovych Karpit, o je Babia Goéra (1725 m), Beskid Zywiecki, kde sa na
skalnych svahoch nachddza mnozstvo liSajnikov druhu Rhizecarpon. Rozbor priemerov
stielok meranych na 24 stanoviStiach na severnych svahoch Babej Géry (obr. 7) ukdzal,
Ze najvicSie a nezrastené individud sa vyvijali priblizne v rokoch 1560 (Sokolica), 1609
a 1715 (Izdebczyska), 1748 (Filar) a v druhej polovici 18. storo¢ia. Velkosti stielok tieZ
poukazuji na ozivenie procesov masového zvetrdvania v 19. storo&i (1829-1833, 1844-
1848, 1801-1869, 1881-1884) a na zaciatku 20. storo¢ia. Tieto obdobia sa kryjii s vih-
kou klimatickou fazou spojenou s malou l'adovou dobou a nasledujicimi rokmi, ktoré
charakterizuje zvySeny vyskyt zrazok, ktoré zapriinili silné zosuvy na svahoch a za-
plavené dna dolin. Lichenometrické datovanie na skalnych stendch, balvanoch a koldviu
(obr. 8) ukizalo, Ze svahy prekonali vyvoj cez druhotné epizodické zosuvy, ktoré sa
prekryvaji s novymi.

PreloZila H. Contrerasovi
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