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Pre lim i nary re sults of dat ing land slides in the Gorce Mts. (Pol ish Outer Carpathians) are given, where ages of land slide ac tiv -
ity have been poorly con strained. Four land slide zones with minerogenic mires (fens) were se lected in or der to de ter mine the 
age of land slide move ments, with depositional se quences of six fens be ing in ves ti gated by bore holes. Con ven tional ra dio -
car bon dat ing of wood sam ples from min eral sed i ments seal ing the land slide de pres sions was car ried out to es tab lish the
age of land slide for ma tion or re ju ve na tion. Loss on ig ni tion anal y ses were ob tained at 2.5 cm in ter vals along the cores to in di -
cate pos si ble de liv ery of allochthonous ma te rial into the peat bogs. Land slide for ma tion in the Gorce Mts. cor re sponds to
phases of mass move ment hith erto iden ti fied in the Pol ish Outer Carpathians. In creased mass move ments ac tiv ity in the
Gorce Mts. re late to cold and hu mid pe ri ods of the Ho lo cene which oc curred: ~11.1 ka cal BP, 8.6–8.0 cal BP; 6.5–5.9 ka cal
BP, 4.8–4.5 cal BP, 3.3–2.5 cal BP and 1.75–1.35 cal BP. Loss on ig ni tion anal y ses re vealed changes in sed i men ta tion in
the land slide mires such as for ma tion of min eral and illuvial ho ri zons in peat se quences, and min eral cov ers over ly ing fens,
as so ci ated with hu mid cli ma tic phases of the Ho lo cene.
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INTRODUCTION

Mass move ments have strongly in flu enced the re lief of the
Outer West ern Carpathians (OWC; e.g., Starkel, 1960; Ziêtara,
1968; Alexandrowicz and Margielewski, 2010). Land slide de -
pres sions filled with wa ter – lakes, sub se quently trans formed
into fens – are com mon phe nom ena in land slide ar eas
(Margielewski, 2006, 2018; Buczek, 2016). De pos its seal ing
the bot toms of these de pres sions al low dat ing of the be gin ning
of land slide for ma tion and the min i mum age of the land slides.
The spe cific sed i men tary en vi ron ment of these de pres sions
means that the land slide fen de pos its are also very sen si tive in -
di ca tors of palaeoenvironmental changes dur ing the Late Gla -
cial and the Ho lo cene (Margielewski, 2006, 2018). Al though in
the OWC de pos its as so ci ated with many land slides (with over
80 ra dio car bon dates) have been dated so far, the land slides in
the Gorce Mts. have re mained poorly in ves ti gated. The only ex -
am ples of dated events of mass move ment ac tiv ity in volve 
stud ies of land slide lakes: Iwankowskie Lake (Buca³a et al.,
2014) and Puco³owski Stawek Lake (Buczek, 2016), while the
be gin ning of ac cu mu la tion of ombrogenic peat in the ridge-top
trench on Kiczora Mt. has been paly no logi cal ly re ferred to the
Subatlantic Phase (Koperowa, 1962).

Over 20 ra dio car bon dates on landside de pos its have been
made in the moun tain ranges sur round ing the Gorce Mts.:
Beskid Wyspowy (Margielewski and Kovalyukh, 2003;
Margielewski, 2006), Beskid S¹decki (Alexandrowicz, 1993,
1996; Margielewski, 1997, 2006; Margielewski et al., 2011) and
Pieniny (Alexandrowicz, 1996, 2009, 2013).

The pa per pro vides new ra dio car bon dates of bot tom most
land slide de pos its in the Gorce Mts. sup ple ment ing the da ta -
base of dated land slides in the OWC, as well as ra dio car bon
dates of se lected min eral ho ri zons within the fens. These dates
to gether with geomorphological map ping of the land slides stud -
ied has con strained land slide ac tiv ity events in the Gorce Mts.
and cor re lated them with prin ci pal phases of mass move ments
in the Pol ish Outer Carpathians.

MATERIALS AND METHODS

Over a dozen land slide de pres sions in the Gorce Mts. were
in ves ti gated by the au thor us ing a spi ral au ger (Fig. 1). The six
with the great est thick ness of in fill ing sed i ments were se lected
for fur ther anal y sis (Fig. 1), in clud ing pre vi ously de scribed or
partly elab o rated by the au thor: the Iwankowskie Lake fen
(Buca³a et al., 2014) and Puco³owski Stawek Lake (Buczek,
2016). Logs (cores) from all se lected fens were sam pled us ing
an INSTORF peat sam pler, 6 cm in di am e ter. Con ven tional ra -
dio car bon dat ing was car ried out us ing wood sam ples from
min eral sed i ments seal ing the bas ins as well as from sev eral
illuvial ho ri zons in the depositional se quences. All dates were
ob tained in the Lab o ra tory of Ab so lute Dat ing in Ska³a near
Kraków in or der to es tab lish the date of land slide for ma tion or
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re ju ve na tion. They were cal i brated us ing the OxCal 4.2 soft -
ware (Bronk Ramsey, 2009) with the ap pli ca tion of the IntCal13
cal i bra tion curve (Reimer et al., 2013). Loss on ig ni tion (LOI)
anal y ses at a tem per a ture of 550°C (Heiri et al., 2001) were
made for each 2.5 cm long sec tion of the main logs in or der to
in di cate pos si ble de liv ery of allochthonous ma te rial to the fens
(Margielewski, 2006, 2018). De tailed geomorphological map -
ping of se lected land slide ar eas was car ried out on the ba sis of
LiDAR de rived hillshade maps.

STUDY AREA

Study area in cludes the cen tral and east ern parts of the
Gorce Mts., which are lo cated in the Outer West ern Carpathians
(Po land). In geo log i cal terms this part of the Gorce Mts. is built
prin ci pally of Up per Cre ta ceous–Eocene flysch rocks of the
Krynica Sub unit of the Magura Unit (Burtan et al., 1976; Paul,
1978; Kulka et al., 1987). Only a small part of the study area, sit u -
ated to the north of Mt. Gorc (1228 m a.s.l.) is built of de pos its of
the Bystrica Sub unit of the Magura Unit. The old est de pos its of
the Krynica Sub unit in the study area be long to the Szczawnica
For ma tion (Kulka et al., 1987). These de pos its com prise mostly

thin-bed ded sand stones and shales and oc cur mainly along the
up per sec tions of right trib u tar ies of the Ochotnica river (Burtan et 
al., 1976; Paul, 1978; Kulka et al., 1987). Most of the area of the
Gorce Mts., in clud ing the high est ridges, are formed by
thick-bed ded sand stones and con glom er ates of the Magura For -
ma tion (Poprad and Piwniczna Sand stone mem bers; Kulka et
al., 1987). The strata of the Gorce Mts. are strongly folded and
dis lo cated by faults. Faults have mostly NNW–ESE and
NNE–WSW di rec tions (Chrustek et al., 2005; Buczek and
Górnik, 2019). The Gorce Mts. are in ter me di ate moun tains with
strongly in cised V-shaped val leys, rel a tively flat ridges and steep
slopes (Starkel, 1960). The slopes of the Gorce Mts. are trans -
formed by nu mer ous land slides (Margielewski, 1999; Buca³a et
al., 2014; P³aczkowska, 2014; Buczek, 2016). Apart from ero -
sion, mass move ments are the main fac tor which has re shaped
the re lief of the Gorce Mts. Large, deep-seated land slides are re -
spon si ble for the cre ation of the spe cific re lief of most slopes with
nu mer ous de pres sions which are com monly filled with wa ter, re -
sult ing in the for ma tion of land slide lakes and fens (Margielewski, 
1999). Mean an nual pre cip i ta tion in the Gorce Mts. ranges from
800–1200 mm, while mean an nual tem per a ture var ies from 3 to
6°C (Miczyñski, 2015).
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Fig. 1. Lo ca tion of the study area (A), with the landside fens rec og nized and ex am ined in this pa per (B)

1 – Tokarnia fen; 2 – Lelonek fen; 3 – Zawadowskie Lake; 4 –, Iwankowskie Lake (Buca³a et al., 2014); 5 – Puco³owski Stawek Lake;
 6 – Srokówki fen



SITE DESCRIPTIONS

TOKARNIA LANDSLIDE (LUBAÑ RANGE)

North ern slope of Mt. Pasterski Wierch (1100 m a.s.l.) is
cov ered by a com plex range of slope de for ma tion struc tures
(ac cord ing to Dikau et al., 1996). This land slide zone, the area
of which reaches ~0.8 km2 (1.34 ́  0.98 km), is one of the larg est 
in the Gorce Mts. It lies within an altitudinal range of
740–1042 m a.s.l. and is de vel oped in thick-bed ded sand -

stones, con glom er ates, shales and lo cally thin-bed ded flysch of 
the Piwniczna Sand stone Mem ber (Paul, 1978; Kulka et al.,
1987). The land slide was pro gres sively formed by sev eral gen -
er a tions of mass move ments caused by headward ero sion of
the Janczurowski Stream (Fig. 2).

The Tokarnia fen is sit u ated on the lower part of the land -
slide area, near to its north ern mar gin (Fig. 2). Re cent fen de -
pos its fill a large tri an gu lar de pres sion within this area reach ing
5780 m2 (Fig. 3A, B). Based on mor phol ogy and plant as so ci a -
tions the Tokarnia fen is di vided into two parts. The west ern and 
lower part is over grown by plant as so ci a tions char ac ter is tic for
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Fig. 2. Geomorphological map of the Tokarnia land slide zone (1)

1 – land slide body; 2 – col lu vial tongues; 3 – scarps (a – rocky, b – soil); 4 – creep ing zones; 5 – rock blocks and
de bris; 6 – fens, swamps; 7 – streams, springs; 8 –  land slide de pres sions



Valeriano–Caricetum flavae (Lisowski and Kornaœ, 1966). The
east ern and higher (0.5 m) part of peat bog is over grown by
taxa char ac ter is tic for raised bogs, e.g. Ledum palustre L.,
Betula pubescens Ehrh., Drosera rotundifolia L. (Lisowski and
Kornaœ, 1966). The de pres sion is drained by a small, sea sonal
stream. The Tokarnia peat bog was in ves ti gated by 2 bore holes 
lo cated in the cen tral part of the de pres sion (Fig. 3A). The max i -
mum depth of the peat bog (2.5 m) was is seen in log 2.

The bot tom of the Tokarnia fen ba sin (2.5–2.3 m) is sealed
with min eral sed i ment (Fig. 3D, log 1 – W2):  sandy clay with
small frag ments of sand stone. This is over lain by woody peat
(2.3–2.0 m) with many fir nee dles (Abies alba). Wood frag -
ments from this unit were dated by the ra dio car bon method  at
3120 ± 70 BP (3481–3156 cal BP). The slight drop in the loss
on ig ni tion curve (~10%) above the woody peat marks an illuvial 
layer within the peat se quence. A unit of strongly de com posed,
de tri tal peat oc curs upon this illuvial ho ri zon (1.75–0.60 m),
where the per cent age of or ganic ma te rial in creases, reach ing
al most 96% loss on ig ni tion at a depth of 1.5 m. Above this peat
unit, a dis tinct de cline in the loss on ig ni tion curve is vis i ble in
the in ter val 0.60–0.52 m, in di cat ing de liv ery of min eral ma te rial
to the ba sin (Margielewski, 2006, 2018). The top most part of
the peat (the top 0.35 m) is formed of pure Sphag num peat.

The sec ond bore hole, lo cated 10 m to the west of the first, is 
char ac ter ized by a lesser thick ness of sed i ments (2.0 m) that in -
cludes a thin ner layer of de com posed, de tri tal peat (Fig. 3D,
log 2 – W1). By con trast with the main log (log 1 – W2), the bot -
tom min eral de pos its here (1.7 m) are over lain by clayey or -

ganic silt with wood frag ments. In the up per part of this sec tion
(1.30–1.02 m), a dis tinct de cline in the loss of ig ni tion curve oc -
curs (~60%), which in di cates a sup ply of min eral ma te rial to the
peat bog (Fig. 3D, log 2 – W1). An in ter val of pure peat oc curs
above 1.02 m, as is clearly  marked on loss on ig ni tion curve. In
the mid dle part of this unit (0.52–0.3 m) an illuvial layer is
marked by a ~10% drop in the loss on ig ni tion curve. As in log 1, 
the up per most sec tion of peat is formed of pure Sphag num peat 
(Fig. 3D, log 2 – W1).

LELONEK LANDSLIDE (MT. GORC RANGE)

This land slide lies on the south ern slope of Mt. Lelonek
(992 m a.s.l.) in the Mt. Gorc Range. The up per part of the land -
slide, in clud ing head scarps and the main land slide body with
fen de pos its, was formed in the thick-bed ded Magura Sand -
stones, whereas the lower seg ment is in thin-bed ded flysch of
the Szczawnica For ma tion (Paul, 1978). The move ment of the
land slide was gen er ally con se quent to the strata dip di rec tion
and was formed due to  the lat eral ero sion of the M³ynne
Stream. The area of the Lelonek land slide reaches 0.17 km2,
and lies in the al ti tude span of 882–704 m a.s.l. The land slide
area can be di vided into two parts: a main land slide body with
fen de pos its; and youn ger, elon gated col lu vial tongues in the
east ern part of land slide area (Fig. 4). One of the land slide toes
(25 m high) prob a bly blocked the val ley floor of the M³ynne
Stream, form ing a land slide dam lake.
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Fig.3. Tokarnia fen with lo ca tions of the bore holes (A); view of the Tokarnia fen with a float ing mat around the bog pond (B); 
2.5 D view of the north ern slope of Mt. Pasterski Wierch with the ex tent of the Tokarnia land slide and lo ca tion of the fen (C);

se quence of de pos its  of the Tokarnia fen (D)



The Lelonek fen oc cu pies the cen tral part of the land slide
body (788 m a.s.l.), be low the steep, 15 m high sec ond ary
scarp. Fen de pos its fill an ir reg u lar de pres sion some 1060 m2 in 
area. Pres ently, there is no ev i dence of any sur face in flow and
out flow from the mire.

The max i mum depth of the de pres sion (2.0 m) was mea -
sured in the west ern part of the mire. The bot tom part of the fen
se quence com prises sandy clayey silt. Above this bot tom layer,
at the depth of 1.65 m, or ganic silts are re flected in a rise of the
loss on ig ni tion curve (Fig. 5A). Wood frag ments at the bot tom of
the se quence were ra dio car bon dated at 4010 ± 70 BP
(4810–4756 and 4654–4284 cal BP). In log 3, the or ganic silts in -
clude a min eral layer at the depth of 1.45–1.37 m, though this is
not re corded in the other logs. All logs in clude a min eral layer at
the depth of ~0.75 cm (Fig.5A), which var ies in thick ness from
0.2 to 0.5 m. In bore holes from the cen tral part of the peat bog
(log 1 and log 2) this layer in cludes a thin layer of or ganic silt.
Above the min eral layer, de com posed peat (0.25–0.5 m) oc curs
in all logs, the per cent age of or ganic ma te rial reach ing 80–85%.

The peat layer thins from log 1 to log 5, due to re duced min eral
sup ply from the west ern to the east ern part of the peat bog.

ZAWADOWSKIE LANDSLIDE ZONE (LUBAÑ RANGE)

Nearly all the north ern slope of Mt. Runek (997 m a.s.l.) has
been trans formed by a large (0.4 km2 in area) mul ti stage land -
slide (Fig. 6). This landform de vel oped within thick-bed ded
sand stones and con glom er ates of the Poprad Sand stone
Mem ber (Burtan et al., 1976) in the al ti tude span of
738–943 m a.s.l. The land slide zone was suc ces sively formed
by sev eral mass move ment gen er a tions in duced by headward
ero sion of the Zawadowski Creek. The main move ment of the
land slide was gen er ally con se quent to the strata dip di rec tion
(30°). Lo cated near to the drain age di vide, low (2.0–2.5 m),
gently dip ping scarps are prob a bly re mains of the old est phase
of grav i ta tional move ments (Fig. 6). The land slide body be low
the scarps con sists of sev eral lev els of flat, land slide blocks.
The next gen er a tion of land slide move ments com prised ro ta -
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Fig. 4 . Geomorphological map of the Lelonek land slide (2)

Ex pla na tions as on Figure 2
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Fig. 5. Lithostratigraphic se quence of the Lelonek fen with loss on ig ni tion curves (A) and map with lo ca tion of the bore holes (B)

Explanation as on Figure 3

Fig. 6. Geomorphological map of the Zawadowskie land slide zone with the lo ca tion of Iwankowskie Lake (3) 
and Zawadowskie Lake (4)

Ex pla na tions as on  Fig ure 2



tion of large, rock pack ets from the east to wards the west, that
formed an elon gated ram part 0.55 km long. The height of the
land slide ram part in creases downslope reach ing ~25 m in its
lower part. This group of land slide blocks is sep a rated from the
main scarp by a trench, the val ley of a small, sea sonal creek.
The move ment of the larg est land slide block caused the for ma -
tion of vast de pres sion of Zawadowskie Lake, cur rently filled
with or ganic-minerogenic fen de pos its (Fig. 7). The for ma tion of 
this de pres sion has been ra dio car bon dated at 6990 ± 70 BP
(7947–7685 cal. BP) Dur ing sub se quent mass move ments in
the low er most part of the land slide zone, ro ta tion of the rock
pack ets formed the de pres sion of the Iwankowskie Lake,
framed by a ~5 m high land slide ram part. The re ju ve na tion of
the land slide zone has been dated at 2490 ± 35 BP
(2727–2435 cal. BP).

The sur faces of both fens have been pe ri od i cally in un dated, 
form ing some of the larg est sea sonal lakes in the Pol ish Flysch
Carpathians (Margielewski, 1997; Buczek and Franczak,
2014). Dur ing rapid thaw or heavy rain fall, the lake bas ins are
com pletely wa ter-filled, over flow ing the land slide ram parts and
form ing the Zawadowski Creek.

The de pos its fill ing the Iwankowskie Lake ba sin have been
stud ied by Buca³a et al. (2014). The bot tom of the de pres sion
be ing rec og nized in nu mer ous bore holes. The lon gest log
(2.4 m) was ob tained from the south ern part of the mire in the
mar ginal zone of the al lu vial fan. At the bot tom of the fen within
the in ter val 2.40–2.11 m, sandy silty clay oc curs. A wood frag -
ment sam pled in this layer was dated at 2490 ± 35 BP
(2737–2435 cal BP). This min eral layer is over lain by a 1.36 m
thick unit of de com posed, woody peat char ac ter ized by high

loss on ig ni tion val ues rang ing 75–80%. Within this unit, at
1.95–1.75 m, a beech trunk (Fagus sylvatica) was pen e trated.
The up per most part of this peat unit was dated at 1360 ± 60 BP
(1355–1181 cal BP). This peat is cov ered by 0.72 m of al lu vial
fan de pos its, com pris ing poorly sorted (s1 ~3f) sandy clayey silt 
with a few thin sand in ter ca la tions at 53–56; 32–37 and
11–16 cm (Buca³a et al., 2014). Mac ro scopic char coal frag -
ments oc cur ring at 0.6 m depth, dated at 183 ± 28 BP
(298–... cal BP), in di cate a hi a tus be tween the peat unit and the
over ly ing min eral cover de pos its (Buca³a et al., 2014).

The lon gest (5.0 m) core was drilled in the cen tral part of the 
fen (Fig. 7A). In the bot tom of the de pres sion, in the in ter val
5.0–4.75 m, coarse silt (f 5.8) oc curs (Fig. 7B), in clud ing a
wood frag ment dated at 6990 ± 70 BP (7947–7685 cal. BP).
Above 4.75 m a dis tinct rise of loss on ig ni tion (up to 34%)  in di -
cates a layer of or ganic silt  (in the in ter val 4.75–4.45 m) that
con tains nu mer ous wood frag ments. The de po si tion of or ganic
silts was in ter rupted at a depth of 4.45 m by minerogenic in put
dated at 5420 ± 60 BP (6312–6004 cal BP). Above this min eral
layer the ac cu mu la tion of de tri tal peat started. At 3.9–3.6 m a
piece of spruce trunk (Picea abies L.) was drilled. Within the 3.6
m thick woody peat layer sev eral illuvial ho ri zons are marked in
the loss on ig ni tion curve by grad ual de creases in val ues from
~60 to ~40% (Fig. 7B). More dis tinct illuvial lay ers oc cur at the
fol low ing depths: 0.85, 1.35, 1.95 and 3.25 m. A spruce cone
found in the last of these lay ers was dated at 3940 ± 60 BP
(4530–4159 cal BP). Loss on ig ni tion val ues grad u ally de -
crease in the up per most part of the log (above 0.2 m) mark ing
in creas ing minerogenic sup ply to the fen. 
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Fig. 7A – Iwankowskie Lake and Zawadowskie Lake with lo ca tions of bore holes; B – se quence of de pos its in Zawadowskie
Lake; C – se quence of de pos its in Iwankowskie Lake (af ter Buca³a et al., 2014, sim pli fied)

Explanations as on Figure 3



WYSZNIA LANDSLIDE ZONE (MT. TURBACZ MASSIF)

Puco³owski Stawek Lake and Srokówki fen are sit u ated
within an ex ten sive land slide zone cov er ing ~0.23 km2 in the al ti -
tude span of 1027–802 m a.s.l.. These land forms  de vel oped in
thick-bed ded sand stones, con glom er ates, shales and lo cally
thin-bed ded flysch of the Piwniczna Sand stone Mem ber with
marl in ter ca la tions (Burtan et al., 1976). The land slide rep re sents 
com plex translational-ro ta tional grav i ta tional dis place ments (ac -
cord ing to Dikau et al., 1996) dis placed con se quently to the
strata dip and formed in sev eral stages due to headward ero sion
by the trib u tary of the £opuszna Stream. In the older stage of
land slide de vel op ment a wedge-shaped, rel a tively gently dip ping 
scarp was formed. Be low this scarp a se quence of flat col lu vial
ram parts de vel oped, which pro duced the stair-shaped pro file of
the slope. Cur rently, this scarp and col lu vial ram parts are be ing
dis sected by small stream. Dur ing the main stage of land slide
de vel op ment the large (2900 m2), elon gated de pres sion of the
Srokówki fen formed. This was dated at 9500 ± 90 BP
(11 143–10 653 cal BP). Now a days, the fen is bounded to the
north by a small sea sonal stream (Fig. 9C). Dur ing pe ri ods of
rapid snow melt or heavy rain the sur face of the Srokówki fen is
tem po rarily in un dated. Due to re ju ve na tion of the east ern zone of 
the land slide area, col lu vial ma te rial has par tially slipped over
older land slide de pos its down the step of a 10 m high mar ginal
scarp. Be low this scarp, at 946 m a.s.l., a small (830 m2), cir cu lar  
de pres sion formed, where a per ma nent land slide lake (sag
pond) called Puco³owski Stawek is sit u ated (Buczek, 2016). Ac -
cel er a tion of plant over growth caused the dis ap pear ance of the
lake in 2008 (Fig. 8D). In 2011, due to deep en ing (“ren o va tion”)
of the lake by its own ers ~1.5 m of peat sed i ments were re moved 
from it. A wood frag ment pre served in the min eral de pos its which 
seal the bot tom of the lake was dated at 2050 ± 60 BP
(2290–2277 and 2153–1879 cal BP).

Though all the or ganic sed i ments were re moved from
Puco³owski Stawek Lake, the min eral de pos its, which seal the
bot tom of the lake, were pre served. In the cen tral part of
Puco³owski Stawek Lake, 6 cores were made in or der to sam -
ple wood frag ments ad e quate for ra dio car bon dat ing. The
depositional se quences, 0.3–0.5 m thick, are com posed of
minerogenic de pos its (sandy sility clay) with frag ments of sand -
stone and nearly no or ganic mat ter. Wood frag ments were
found in only one core at the depth of 0.43 m (Fig. 8D).

The max i mum depth of the Srokówki fen (4.5 m) was mea -
sured in the cen tral part of the mire (Fig. 8C, E). In the bot tom of
the de pres sion, at 4.5–4.1 m min eral-or ganic de pos its con tain -
ing many nee dles of spruce and wood frag ments oc cur. Within
this in ter val, depths of 4.2 m and 4.14 m, spruce cones were
found. A wood frag ment oc cur ring in the low er most part of the
core was dated at 9500 ± 70 BP (11 143–10 563 cal BP).

Peat ap pears above 4.1 (Fig. 8E). The low er most part of
this unit (4.1–3.8 m) is formed by de com posed peat with many
nee dles and wood frag ments. At 3.87 m thin (2 cm) illuvial ho ri -
zons mark ac cel er ated de liv ery of allochthonous ma te rial to the
ba sin. Above this, in the in ter val of 3.89–3.60 m, pure moss fen
peat is pres ent, which in cludes a sub stan tial in crease of wood
de tri tus above the next thin illuvial ho ri zon (3.6–3.0 m). Above a 
cored tree trunk at 3.0–2.9 m, there is con sid er ably de com -
posed de tri tal peat. Within this thick unit (from 2.9 m to the se -
quence top), in ter ca la tions of min eral ma te rial oc cur at 2.8, 2.6,
2.2, 1.4 and 1.1 m.

THE FORMATION OF LANDSLIDES
 IN THE GORCE MTS. IN RELATION TO CLIMATE

CHANGES DURING THE HOLOCENE

The old est (ra dio car bon dated) land slide de pos its in the
Gorce Mts. (11 143–10 653 cal BP) in di cate the for ma tion of
land slides due to cli mate cool ing and in creased hu mid ity dur ing
the later part of the Preboreal Phase. This cli ma tic fluc tu a tion
cor re sponds to the Schlatten Phase of gla cier ad vance in the
Alps (Bortenschlager, 1982) and to an in crease in  mass move -
ment ac tiv ity in the Swiss Alps (Lateltin et al., 1997). Sud den
change to a more hu mid cli mate caused lake level to rise in
many lakes in west-cen tral Eu rope (Magny, 2004) as well as in
the Neth er lands (Bos et al., 2007). In the Pol ish Carpathians,
the for ma tion of a few landsides (Fig. 9), as well as the be gin -
ning of depositional gaps in land slide fen de pos its, was re -
corded at the Preboreal–Bo real tran si tion (Margielewski, 2006;
Ko³aczek et al., 2017).

The next phase of land slide for ma tion re corded in the Gorce 
Mts. was dated at 7947–7685 cal BP in Zawadowskie Lake. In -
creased cli mate hu mid ity and cool ing at ~8 ka BP was re corded
by the de liv ery of coarse de pos its to lakes in the Tatra Mts.
(Baumgart-Kotarba and Kotarba, 1993), a mi nor rise in Vistula
river flu vial ac tiv ity (Starkel et al., 2013) and the for ma tion of
sev eral land slides in the Pol ish Outer Carpathians
(Margielewski, 2006, 2018) as well as in the Czech Outer
Carpathians (Panek et. al., 2013).

The next cool ing event re corded in the land slide fen de pos -
its of the Gorce Mts. led to min eral in flux into the sed i men tary
se quence of Zawadowskie Lake (Fig. 7B). This pe riod of in -
creased de liv ery of allochthonous ma te rial to the fen ba sin oc -
curred in be tween 6312–6004 cal yr BP, and co in cides with
Bond event 4 (Bond et al., 1997; Wan ner et al., 2011). This
phase cor re sponds to a sig nif i cant in crease in Vistula River flu -
vial ac tiv ity (Starkel et al., 2013), higher lake lev els in the Cen -
tral Eu ro pean Low lands (Magny, 2004), and the Rotmoos 1 gla -
cier ad vance phase in the Alps (Bortenschlager, 1982).

The for ma tion of the Lelonek land slide (4010 ± 70 BP) co in -
cides with a dis tinct con cen tra tion of land slide dates in the Pol -
ish Outer Carpathians dur ing ~4.0–4.9 ka cal BP (Fig. 9;
Margielewski, 2018). The global cli mate per tur ba tions that mark 
the be gin ning of the Neoglacial phase called the “4.2 ka cli ma tic 
event” (sensu Bond et al., 1997) caused in ten si fi ca tion of mass
move ment ac tiv ity in moun tain ar eas all around Eu rope: the
Appenines (Bertolini, 2007), Scan di na via (Matthews et al.,
2009) and the Brit ish Is lands (Ib sen and Brunsden, 1997) as
well as in creased de bris flow ac tiv ity in the Tatra Mts.
(Baumgart-Kotarba and Kotarba, 1993; K³apyta et al., 2016). In
the Alps, the “4.2 ka BP hy dro log i cal event” is con sid ered as the 
main deep-seated land slide trig ger ing fac tor (Zerathe et al.,
2014). The in creased de liv ery of allochthonous ma te rial to peat
bogs as thin illuvial ho ri zons, re lated to this pe riod, has been ob -
served in many land slide fens of the Pol ish Carpathians
(Margielewski et al., 2010, 2011; Michczyñski et al., 2013). In
the Gorce Mts. it has been re corded as a thin illuvial ho ri zon in
the peat se quence of Zawadowskie Lake, dated at
4530–4159 cal BP.

In the West ern Carpathians, the ex pan sion of Abies alba
and Fagus sylvatica taxa, which pre fer high mois ture avail abil -
ity, cor re sponds  to the global “4.2 ka BP” event (Czerwiñski et
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Fig. 8A – location of Puco³owski Stawek Lake (5) and Srokówki fen (6); B – 2.5 D view of south ern slope of Mt. Wysznia with the
ex tent of the land slide; C – lo ca tion of ob jects stud ied; D – Puco³owski Stawek Lake over grown by aquatic plants in 2008, af ter the 
deep en ing of the lake in 2012 and the sed i ment core from the lake bot tom; E – lithostratigraphic se quence of the Srokówki fen (E)

Ex pla na tions as on Fig ure 3



al., 2019). Dy ing-off phases of pine trees (Pinus sylvestris L.)
caused by raised wa ter level closely as so ci ated with the in -
crease in cli mate hu mid ity, have been iden ti fied in the Puœcizna 
Wielka peat bog in the in ter vals 4330–4200 and 4130–3990 cal
BP (Kr¹piec et al., 2016).

Mass move ments that caused the for ma tion of the Tokarnia 
fen are cor re lated with a less dis tinct con cen tra tion of land slide
dates in the Pol ish Carpathians (Fig. 9). This land slide phase is
part of a lon ger global cool event that oc curred in be tween
3.3 ka and 2.5 ka BP (Wan ner et al., 2011) which cor re sponds
to Bond event 2 (Bond et al., 1997).

The for ma tion of Iwankowskie Lake and Puco³owski Stawek 
Lake at ~2.7–2.4 ka and ~2.3–1.9 ka cal BP was re lated to the
larg est con cen tra tion of land slide dates in the Pol ish
Carpathians (Fig. 9). This cool ing pe riod has been linked with
gla cier ad vances in the Alps, of the Geoschner 1 stage
(Bortenschlager, 1982). Global cool ing at the Subboreal– Sub -
atlanic tran si tion caused an in crease in mass move ment ac tiv -
ity in moun tain ar eas all around Eu rope: in the Apennines
(Bertolini, 2007), the Ital ian Dolomites (Corsini et al., 2000), ac -
cel er a tion of de bris flows in Scan di na via (Matthews et al.,
2009), and the Brit ish Isles (Ib sen and Brunsden, 1997). In ter -
ca la tions of high-en ergy sed i ments in the lakes of the Tatra
Mts. were as so ci ated with heavy down pours oc cur ring dur ing
this wet pe riod (Baumgart-Kotarba and Kotarba, 1993). Mark -
edly in creased cli ma tic hu mid ity caused per ma nent changes in
sed i men tary con di tions (the min eral cover for ma tion) in many
land slide fens in the Beskid Makowski Mts. and the Beskid
Wyspowy Mts. (Margielewski, 2006, 2018), as well as the for -
ma tion of nu mer ous min eral and illuvial ho ri zons in peat
(Margielewski, 2006; Margielewski et al., 2010; Czerwiñski et
al., 2019). In ter est ingly, the global hu mid pe riod at
~3300–2500 cal BP (Wan ner et al., 2011) which caused the re -
ju ve na tion of the Zawadowskie land slide zone is not clearly re -
flected in the depositional se quence of the nearby
Zawadowskie Lake (Fig. 7B). The for ma tion of Puco³owski
Stawek Lake co in cided with in ten si fi ca tion of flu vial ac tiv ity of
the Up per Vistula River at 2.1–1.7 ka BP (Starkel et al., 2006),

as well as a pe riod of high wa ter level in the Al pine lakes at
1.8–1.7 cal BP (Magny, 2004) and in the Cen tral Eu rope lakes
(Ralska-Jasiewiczowa, 1989).

The for ma tion of a min eral cover in Iwankowskie Lake
(1350–181 cal BP) cor re sponds with the Dark Ages or the Mi -
gra tion Pe riod Cool ing known also as Bond event 1 (Bond et al., 
1997). The cli mate cool ing at ~1.4 cal BP caused a sig nif i cant
in crease in mass move ment ac tiv ity in the Pol ish Carpathians
(Fig. 9; Margielewski, 2018). Fur ther more, a sub stan tial ac cel -
er a tion of min eral de liv ery to the land slide fens has been re -
corded in neigh bour ing moun tain ranges: the Beskid Wyspowy
Mts. and Beskid Makowski Mts. (Margielewski and Kovalyukh,
2003; Margielewski, 2018).

CONCLUSIONS

Ra dio car bon dates of de pos its seal ing the bot toms of six
land slide de pres sions (lakes and fens) in the Gorce Mts., al low
de ter mi na tion of the age of land slide for ma tion and stages of
their re ju ve na tion. These dates were per formed in a pre vi ously
poorly in ves ti gated moun tain group, and hence sub stan tially
sup ple ment the da ta base of dated land slides in the Outer West -
ern Carpathians.

All dated land slide events in the Gorce Mts. cor re spond to
pe ri ods of in tense mass move ment re corded in the moun tain
ar eas in Eu rope. The dated land slide events as well as the for -
ma tion of min eral ho ri zons in the peat se quences cor re sponds
with global cold and hu mid pe ri ods in the Ho lo cene, termed
“Bond events”. The events re corded in the Gorce Mts. fall within 
the fol low ing pe ri ods: ~11.1 ka cal BP, 8.6–8.0 cal BP;
6.5–5.9 ka cal BP, 4.8–4.5 cal BP, 3.3–2.5 cal BP and
1.75–1.35 cal BP.

Ac knowl edge ments. The stud ies were fi nanced from the
funds of Na tional Re search Cen tre (Po land) – grant No.
2017/25/B/ST10/02439 (2018–2021).
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Fig. 9. Dis tri bu tion of the ra dio car bon dates from the Gorce Mts. with re spect to the Cu mu la tive Prob a bil ity Den sity Func tion of
the dated land slides in the Pol ish Carpathians (Margielewski, 2006, 2018; Starkel et al., 2013); phases of in creased mass

move ment ac tiv ity (af ter Margielewski, 2006) are marked as grey bands



REFERENCES

Alexandrowicz, S.W., 1993. Late Qua ter nary land slides at east ern
pe riph ery of Na tional Park of the Pieniny Moun tains,
Carpathians, Po land. Studia Geologica Polonica, 102:
209–225.

Alexandrowicz, S.W., 1996. Stages of in creased mass move ments 
in the Carpathians dur ing the Ho lo cene. Kwartalnik AGH,
Geologia, 22: 223–62.

Alexandrowicz, W.P., 2009. Malacofauna and phases of de vel op -
ment of land slide in Tylka near Kroœcienko (Pieniny Mts).
Geologia, 35: 69–75.

Alexandrowicz, W.P., 2013. Mol lus can as sem blages in the de pos -
its of land slide dammed lakes as in di ca tors of late Ho lo cene
mass move ments in the pol ish Carpathians. Geo mor phol ogy,
180–181: 10–23.

Alexandrowicz, Z., Margielewski, W., 2010. Im pact of mass move -
ments on geo- and biodiversity in the Pol ish Outer (Flysch)
Carpathians. Geo mor phol ogy, 123: 290–304.

Baumgart-Kotarba, M., Kotarba, A., 1993. PóŸnoglacjalne i
holoceñskie osady z Czarnego Stawu G¹siênicowego w Tatrach 
(in Pol ish). Dokumentacja Geograficzna IGiPZ PAN, 4–5: 9–29.

Bertolini, G., 2007. Ra dio car bon dat ing on land slides in the North -
ern Apennines (It aly). In: Land slides and Cli mate Change (eds.
R. McInnes, J. Jakeways, H. Fairbank and E. Mathie): 73–80.
Tay lor & Fran cis Group, Lon don.

Bond, G., Show ers, W., Cheseby, M., Lotti, R., Almasi, P., de
Menocal, P., Priore, P., Cul len, H., Hajdas, I., Bonani, G.,
1997. A per va sive mil len nial scale cy cle in the North At lan tic Ho -
lo cene and gla cial cli mates. Sci ence, 294: 2130–2136.

Bortenschlager, S., 1982. Chronostratigraphic sub di vi sion of the
Ho lo cene in the Alps. Striae, 16: 75–79.

Bos, J.A.A., van Geel, B., van der Plicht, J., Bohncke, S.J.P.,
2007. Preboreal cli mate os cil la tions in Eu rope: wig gle-match
dat ing and syn the sis of Dutch high-res o lu tion multi-proxy re -
cords. Qua ter nary Sci ence Re views, 26: 1927–1950.

Bronk Ramsey, C., 2009. Bayesian anal y sis of ra dio car bon dates.
Ra dio car bon, 51: 337–360.

Buca³a, A., Margielewski, W., Starkel, L., Buczek, K.,
Zernitskaya, V., 2014. The re flec tion of hu man ac tiv ity in the
sed i ments of Iwankowskie Lake from Subatlantic Phase (Pol ish
Outer Carpathians). Geochronometria, 41: 377–391.

Buczek, K., 2016. Wp³yw dzia³alnoœci cz³owieka na funkcjonowanie 
jeziora osuwiskowego, na przyk³adzie Puco³owskiego Stawku w 
Gorcach (in Pol ish). Geo graph ical Stud ies, 142: 41–56.

Buczek, K., Franczak, P., 2014. Wp³yw warunków geograficznych
na powstanie i zró¿nicowanie jezior osuwiskowych na Babiej
Górze oraz w Gorcach (in Pol ish). Wierchy, 78: 169–182.

Buczek, K., Górnik, M., 2019. Aktywnoœæ neotektoniczna Pasma
Lubania (Gorce) na podstawie analizy parametrów morfome -
trycznych (in Pol ish). Przegl¹d Geologiczny, 67: 270–278.

Burtan, J., Paul, Z., Watycha, L., 1976. Szczegó³owa mapa
geologiczna Polski 1:50 000, arkusz Mszana Górna. Pañstwowy 
Instytut Geologiczny, Warszawa.

Chrustek, M., Golonka, J., Janeczko, A., Stachyrak, F., 2005.
Geo log i cal char ac ter iza tion of the Krynica Sub unit in the vi cin ity
of Kroœcienko on the Dunajec River (Magura Nappe, the Outer
Flysch Carpathians). Geologia, 31: 127–144.

Corsini, A., Pasuto, A., Soldati, M., 2000. Land slides and cli mate
change in the Alps since the late gla cial: ev i dence of case
studiesin the Dolomites (It aly). In: Land slides in Re search, The -
ory and Prac tice (eds. E. Bromhead, N. Dixon and M. Ib sen):
229–234. Pro ceed ings of the 8th In ter na tional Sym po sium on
Land slides held in Car diff on 26–30 June 2000.  Thomas Tel ford, 
Lon don.

Czerwiñski, S., Margielewski, W., Ga³ka, M., Ko³aczek, P., 2019.
Late Ho lo cene trans for ma tions of lower montane for est in the
Beskid Wyspowy Moun tains (West ern Carpathians, Cen tral Eu -
rope): a case study from Mount Mogielica. Palynology, doi:
10.1080/01916122.2019.1617207

Dikau, R., Brunsden, D., Schrott, L., Ib sen, M.L., eds., 1996.
Land slide Rec og ni tion. Iden ti fi ca tion, Move ment and Causes. J. 
Wiley and Sons.

Heiri, O., Lotter, A.F.,  Lemcke, G., 2001. Loss on ig ni tion as a
method for es ti mat ing or ganic and car bon ate con tent in sed i -
ments: re producibility and com pa ra bil ity of re sults. Jour nal of
Paleolimnology, 25: 101–110.

Ib sen, M.L., Brunsden, D., 1997. Mass move ment and cli ma tic
vari a tion on the south coast of Great Brit ain. Paleoclimate Re -
search, 19: 171–182.

K³apyta, P., Zasadni, J., Pociask-Karteczka, J., Gajda, A.,
Franczak., P., 2016. Late Gla cial and Ho lo cene
paleoenvironmental re cords in the Tatra Moun tains, East-Cen -
tral Eu rope, based on lake, peat bog and col lu vial sed i men tary
data: a sum mary re view. Qua ter nary In ter na tional, 415:
126–144.

Ko³aczek, P., Margielewski, W., Ga³ka, M., Apolinarska, K.,
P³óciennik, M., G¹siorowski, M., Buczek, K., Karpiñska-
 Ko³aczek, M., 2017. Five cen tu ries of the Early Ho lo cene for est
de vel op ment and its in ter ac tions with palaeoecosystem of small 
lake in the Beskid Makowski Moun tains (West ern Carpathians,
Po land)  – high res o lu tion multiproxy study. Re view of
Palaeobotany and Palynology, 244: 113–27.

Koperowa, W., 1962. PóŸnoglacjalna i holoceñska historia
roœlinnoœci Kotliny Nowotarskiej (in Pol ish). Acta Paleobota -
nica, 2: 3–62.

Kr¹piec, M., Margielewski, W., Korzeñ, K., Szychowska-
 Kr¹piec, E., Nalepka, D., £ajczak, A., 2016. Late Ho lo cene
palaeoclimate vari abil ity: the sig nif i cance of bog pine
dendrochronology re lated to peat stra tig ra phy. The Puœcizna
Wielka raised bog case study (Orawa–Nowy Targ Ba sin, Pol ish
In ner Carpathians). Qua ter nary Sci ence Re views, 148:
192–208.

Kulka, A., R¹czkowski, W., ¯ytko, K., Paul, Z., 1987.
Szczegó³owa mapa geologiczna Polski 1:50 000, arkusz Kroœ -
cien ko. Pañstwowy Instytu Geologiczny, Warszawa.

Lateltin, O., Beer, C., Raetzo, H., Caron C., 1997. Land slides in
flysch ter ranes of Swit zer land: causal fac tors and cli mate
change. Eclogae Geologicae Helvetiae, 90: 401–406.

Lisowski, S., Kornaœ J., 1966. Mchy Gorców (in Pol ish).
Fragmenta Floristica et Geobotanika 12: 41–111.

Magny, M., 2004. Ho lo cene cli mate vari abil ity as re flected by
mid-Eu ro pean lake-level fluc tu a tions and its prob a ble im pact on 
pre his toric hu man set tle ments. Qua ter nary In ter na tional, 113:
65–79.

Margielewski, W., 1997.Ochrona jeziorek osuwiskowych w paœmie
Lubania ko³o Ochotnicy Górnej (in Pol ish). Chroñmy Przyrodê
Ojczyst¹, 53: 74–84.

Margielewski, W., 1998. Land slide phases in the Pol ish Outer
Carpathians and their re la tion to cli ma tic changes in the Late
Gla cial and the Ho lo cene. Qua ter nary Stud ies in Po land, 15:
37–53.

Margielewski, W., 1999. Formy osuwiskowe Gorczañskiego Parku
Narodowego i ich rola w kszta³towaniu geo- i bioró¿norodnoœci
Gorców (in Pol ish). Chroñmy Przyrodê Ojczyst¹, 55: 23–53.

Margielewski, W., 2006. Re cords of the Late Gla cial-Ho lo cene
palaeoenvironmental changes in land slide forms and de pos its
of the Beskid Makowski and Beskid Wyspowy Mts. area (Pol ish
Outer Carpathians). Folia Quaternaria, 76: 1–149.

Margielewski, W., 2018. Land slide fens as a sen si tive in di ca tor of
paleoenvironmental changes since the Late Gla cial: a case
study of the Pol ish West ern Carpathians. Ra dio car bon, 60:
1–15.

Margielewski, W., Kovalyukh, N., 2003. Neoholocene cli ma tic
changes re corded in land slides peat bog on mount Cwilin
(Beskid Wyspowy range, outer Carpathians, south Po land).
Studia Geomorphologica Carpatho-Balcanica, 37: 59–76.

Dat ing land slides in the Gorce Mts. (Pol ish Outer Carpathians) – pre lim i nary re sults 859



Margielewski, W., Michczyñski, A., Obidowicz, A., 2010. Re -
cords of the Mid dle and Late Ho lo cene palaeoenvironmental
changes in the Pcim-Sucha land slide peat bogs (Beskid
Makowski Mts., Pol ish Outer Carpathians). Geochronometria,
35:11–23.

Margielewski, W., Ko³aczek, P., Michczyñski, A., Obidowicz, A.,
Pazdur, A., 2011. Re cord of the Meso- and Neoholocene
palaeoenvironmental changes in the Jesionowa land slide peat
bog (Beskid S¹decki Mts., Pol ish Outer Carpathians).
Geochronometria, 38: 138–54.

Matthews, J.A., Dahl, S.O., Dresser, Q., Berrisford, M.S., Lie, �.,
Nesje, A., Owen, G., 2009. Ra dio car bon chro nol ogy of Ho lo -
cene col lu vial (de bris-flow) events at Sletthamn, Jotunheimen,
south ern Nor way: a win dow on the chang ing fre quency of ex -
treme cli ma tic events and their land scape im pact. The Ho lo -
cene, 19: 1107–1129.

Michczyñski, A., Ko³aczek, P., Margielewski, W., Michczyñska,
D.J., Obidowicz, A., 2013. Ra dio car bon age-depth mod el ing
pre vents from mis in ter pre ta tion of veg e ta tion dy namic in the
past: case study Wierchomla Mire (Pol ish Outer Carpathians).
Ra dio car bon, 55:1724–34.

Miczyñski, J., 2015. Klimat rz¹dzi przyrod¹ (in Pol ish). In:
Gorczañski Park Narodowy – Przyroda i krajobraz pod ochron¹
(eds. P. Czarnota and M. Stefanik): 35–38. Wydawnictwo GPN,
Porêba Wielka, Po land.

Pánek, T., Smolková, V., Hradecký, J., Baroò, I., Šilhán, K., 2013.
Ho lo cene reactivations of cat a strophic com plex flow-like land -
slides in the Flysch Carpathians (Czech Re pub lic/ /Slovakia).
Qua ter nary Re search, 80: 33–46.

Paul, Z., 1978. Szczegó³owa mapa geologiczna Polski 1:50 000,
arkusz £¹cko. Pañstwowy Instytut Geologiczny, Warszawa.

P³aczkowska, E., 2014. Geo log i cal as pects of head wa ter catch -
ments de vel op ment in the Lubañ Range (the Outer Carpathians, 
Po land). Zeitschrift für Geomorphologie, 58: 525–537.

Ralska-Jasiewiczowa, M., 1989. En vi ron men tal changes re corded 
in lakes and mires of Po land dur ing the last 13000 years. Acta
Palaeobotanica, 29: 1–120.

Reimer, P.J., Bard, E., Bayliss, A., Beck, J.W., Blackwell, P.G.,
Bronk Ramsey, C., Buck, C.E., Cheng, H., Ed wards, R.L.,
Friedrich, M., Grootes, P.M., Guilderson, T.P., Haflidason, H., 
Hajdas, I., Hatte, C., Heaton, T.J., Hoffmann, D.L., Hogg,
A.G., Hughen, K.A., Kai ser, K.F., Kromer, B., Man ning, S.W.,
Niu, M., Reimer, R.W., Rich ards, D.A., Scott, E.M., Southon,
J.R., Staff, R.A., Turney, C., van der Plicht, J., 2013. Intcal13
and Marine13 ra dio car bon age cal i bra tion curves 0–50,000
years cal BP. Ra dio car bon, 55: 1869–1887.

Starkel, L., 1960. Rozwój rzeŸby Karpat fliszowych w holocenie (in
Pol ish). Prace Geograficzne Instytutu Geografii PAN, 22.

Starkel, L., Michczyñska, D.J., Kr¹piec, M., Margielewski, W.,
Nalepka, D., Pazdur, A., 2013. Ho lo cene chrono-climato -
stratigraphy of Pol ish ter ri tory. Geochronometria, 40: 1–21.

Wan ner, H., Solomina, O., Grosjean, M., Ritz, SP., Jetel, M., 2011. 
Struc ture and or i gin of Ho lo cene cold events. Qua ter nary Sci -
ence Re views, 30: 3109–3123.

Zerathe, S., Lebourg, T., Braucher, R., and BourlÀs, D., 2014.
Mid-Ho lo cene clus ter of large-scale land slides re vealed in the
South-west ern Alps by 36Cl dat ing. In sight on an Al pine-scale
land slide ac tiv ity. Qua ter nary Sci ence Re views, 90: 106–127.

Ziêtara, T., 1968. Rola gwa³townych ulew i powodzi w modelowaniu
rzeŸby Beskidów (in Pol ish). Prace Geograficzne, 60.

860 Krzysztof Buczek


	Contents of volume 63 (2019) 877

