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Abstract: The paper presents the analysis of organic and mineral sediments filling the depression, 
which developed over the landslide located at the slope (767–773 m a.s.l.) of Lubań ridge decscend-
ing to the Ochotnica river valley in the Polish Flysch Carpathians. The landslide formed in an early 
stage of the Subatlantic Phase (2490 ± 35 BP). The top of peat is dated at 1360 ± 50 years BP and is 
covered by 72 cm of clayey silts with some sandy intercalations, which indicate slopewash after de-
forestation. The pollen of ruderal plants and Cerealia (undiff.) reflect agricultural activity in the sur-
roundings. The fragments of charcoal indicate the age of the forest clearance to the first half of the 
17th century. The late forest clearance at the elevated north exposed slopes followed 200–300 years 
later in relation to the foundation of the village at the valley floor. 
 
Keywords: landslide peat bog, palaeoenvironmental interpretation, human activity, Subatlantic 
Phase, Lubań Range, Polish Outer Carpathians. 

 
 
 
1. INTRODUCTION 

Depressions that occur over landslide bodies are often 
filled with water and, thus, form landslide lakes (Now-
alnicki, 1976; Margielewski, 2006). Being gradually over-
grown with vegetation and filled with sediments, they form 
peat bogs. Unique sedimentary environment and abrupt 
hydrologic changes, which are typical of landslide terrains, 
give those types of bogs the name - landslide peat bogs 
(Margielewski, 2006; Obidowicz and Margielewski, 2008; 
Margielewski et al., 2010a, 2010b). Deposits of such peat 
bogs are sensitive indicators of changes of the Carpathian 

palaeoenvironment. The sedimentary environment of the 
landslide peat bogs used to respond quickly to increasing 
humidity of climate as well as to human impact. As a result 
of mineral sediment supply to the sag ponds, peat can be 
altered with mineral and illuvial horizons, or mineral co-
vers can overtop the peat. In the sedimentary core there are 
hiatuses which are effects of the lake draining as well as 
erosional removal of sediments (Margielewski, 2006; Mar-
gielewski et al., 2010b). Pollen analysis of the peat make it 
possible to reconstruct changes in plant communities sur-
rounding the area. These changes allow for identification 
of cool and humid climate phases as well as stages of hu-
man activity (Gil et al., 1974; Margielewski, 2006; Mar-
gielewski et al., 2010a, 2010b).  Corresponding author: A. Bucała 
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Transformation of landslide terrains by humans was 
associated with attractiveness of flattened slope sections 
(accessible water and fertile soils) for settlement (Mar-
gielewski, 2000 and 2006). Owing to forest burning and 
subsequent farming intensification, mineral sediments 
were washed from the slopes and supplied to peat bogs 
(especially those developed on flattened hillsides), there-
fore, environmental changes were registered in them (see 
Starkel, 1988; 1989; Margielewski, 2006; Brown, 2009). 

The studied mire called Iwankowskie Lake (seasonal 
lake) in the Lubań Range (the Outer Carpathians, Gorce 
Mts.) exemplifies a landslide peat bog in which changes 
of the palaeoenvironment of the Carpathians are regis-
tered. The lake is found in a mountain range, which has 
been weakly recognized until now with respect to palaeo-
environmental changes. In the Gorce Mts., only one site - 
raised bog on the Kiczora Mt. formed during Subatlantic 
was palynologically analyzed in detail till now, but with-
out radiocarbon age determinations (see Koperowa, 
1962). However many profiles of peat bogs that occur in 
the vicinity of the Gorce Mts. were paleobotanically 
elaborated; the results of palaeoenvoronmental analyses 
are not comparative with Iwankowskie Lake, due to a 
rather different climate, relief, hydrography, as well as 
human impact on the palaeoenvironment. Most of them 
are located in the Orawa-Nowy Targ Basin which occurs 
on the south of the Lubań Range, at the foot of the Gorce 
Mts. (see: Koperowa, 1962; Obidowicz, 1989; 1990; 
Kołaczek et al., 2010).  

The area of the Gorce Mts. showed settlements start-
ing from the 13th century, but the inflow of population of 
Balkan origin at the turn of the 14th and 15th centuries 
played an important role in the settlement in this region 
(Czajka, 1987). 

The purpose of this paper is to express the detailed 
analysis of the deposits filling the depression formed over 
the landslide at the beginning of the Subatlantic Phase as 
well as the identification of timing and scale of human 
impact on the natural environment in this part of the Car-
pathians based on approximate data as pollen analysis, 
sedimentological, and loss on ignition. Non-pollen paly-
nomorphs were only analyzed additionally: this analysis 
only supports the interpretation of palaeoenvironment 
based on pollen spectra. 

2. STUDY AREA 

Geological and geomorphological setting 
Iwankowkie Lake fills a depression, which formed in 

a landslide affected area developed on the northern slopes 
of the Lubań Range. That mountain range descends to the 
valley floor where the village of Ochotnica Górna is 
located (the Western Outer Carpathians; N49° 30’120”; 
E020° 15’108”, 772 m a.s.l.) (Fig. 1). The Lubań Range 
is located in the zone of Krynica Subunit (Magura 
Nappe). Tylmanowa syncline, built of massive Magura 
sandstones of the Magura Formation (with two lithostrat-

igraphic members: sandstones of Piwniczna and Poprad 
Members) is the major geologic structure here (Burtan et 
al., 1978; Paul, 1980). The landslide zone developed over 
the Poprad Sandstones Member — massive sandstones 
interbedded with thin shales. The sandstones of 
Piwniczna member occur at the base of the landslide zone 
and are represented by massive sandstones or conglomer-
atic sandstones with shale inserts (Burtan et al., 1978; 
Paul, 1980; Kulka et al., 1987).  

The Lubań Range (1211 m a.s.l.), whose orientation 
follows a parallel of latitude, is separated from the Gorce 
Range by a deeply incised valley of the Ochotnica River. 
Southward, the Lubań Range descends in a step-like 
pattern towards Nowy Targ Basin and the Krośnica River 
valley, and there borders the Pieniny Klippen Belt. In the 
east, the Lubań Range is separated from the Radziejowa 
Range (Beskid Sądecki Mts.) by the antecedent gorge of 
the Dunajec River (Starkel, 1972; Zuchiewicz, 2010). 
Passes and deep V-shaped valleys dissect the 600–800 m 
high ridges of the Lubań Range. 

Convex slopes prevail on the northern sides of the 
Lubań Range. The lower parts of the slopes are steeper. 
Flattened ridges (780–820 m a.s.l.), with inclinations of 
5–10°, occur among deeply incised valleys (with valley-
sides sloping at 25–30°). The landslide, being subject of 
study, is located at the above-mentioned elevations. The 
deforested, flattened ridges have been under cultivation 
for many years, which is evidenced by a cadastre map of 
1846 showing borders of lots and forests. Those borders 
did not change significantly. Deforested parts, apart from 
flattened sections, also occur on gentler foothills and on 
interfluves (Fig. 2). 

Climate and vegetation 
The Lubań Range is located in a cool humid temper-

ate climatic vertical zone with an average temperature of 
4–6°C (Hess, 1965). Mean annual precipitation registered 
at the outlet of the Jaszcze stream valley (left tributary of 
the Ochotnica River — ca. 4 km north of Iwankowskie 
Lake — 610 m a.s.l.) for the period of 1958–2008 was 
841 mm (Bucała, 2012). Mean annual air temperature 
decreases from 6°C at the Ochotnica valley floor to 3°C 
on top of the ridges (Obrębska-Starklowa, 1969). 

Topoclimatic studies performed in the neighbouring 
valleys of the Jaszcze and Jamne streams (left tributaries 
of the Ochotnica River, ca. 4–10 km north of Iwankow-
skie Lake) provide evidence that the warmest zone occurs 
at elevations of 100–120 m above the valley floors, which 
are subjected to temperature inversions. Melting of snow 
cover is related to aspect of the slopes. As results from 
the studies in the Jaszcze and Jamne valleys, the snow 
cover first disappears from the south-facing slopes, there-
fore the vegetation period is longer there (Obrębska- 
Starklowa, 1969). The north-facing slopes are rather 
unfavourable for cultivation, and their deforestation was 
likely to take place later. Cultivation of cereal, bulb and 
root plants was possible only on flattened ridges from 
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Fig. 1. Study area. Iwankowskie Lake: A — filled with water after precipitation in 1997;  
B — tenetively drained: mire surface visible, C — orthogonal projection of hypsometry of landslide 
zone (Photos: W. Margielewski). 

 
 

 
Fig. 2. Cadastre maps of 1846 and 2009 with present-day land use as the background (source: National Archive in Cracow, Division V, 
www.geoportal.gov.pl). 
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which the snow cover was wind-blown earlier than from 
the surroundings (Obrębska-Starklowa, 1969).  

In the area of the Lubań Range, skeletal brown soils 
prevail. The soils are present on the slope covers devel-
oped on the Magura sandstones (Adamczyk and Komor-
nicki, 1969). The analyzed area is overgrown with forest 
communities, especially those of a deciduous and mixed-
tree forest vertical zone, while the Carpathian spruce 
forests occur only at elevations above 1000 m (Med-
wecka-Kornaś, 1968). 

3. LANDSLIDE DESCRIPTION 

The landslide zone (ca. 15 ha in area), in which Iwan-
kowksie Lake is present, was formed in a few stages as a 
result of mass movements affecting the headwater area of 
the right tributary of the Ochotnica River. Generally, the 
direction of gravitational dislocations was opposite to 
dipping of the beds (Margielewski, 1997). The landslides, 
which formed here, were rotational slumps according to 
the classification of Dikau et al. (1996).  

The older landslides covered the sub-summit parts of 
the Runek Hubieński ridge. The present landslide zone is 
the effect of rejuvenation by successive generations of 
mass movements, and the developed, 30 m high, scarp 
delimits the eastern margin of the zone. A large elongated 
basin (125 m long and 42 m wide), dammed in the west 

by a 4 m high colluvium ridge, was formed at the foot of 
the scarp. At present the basin is filled with peat bog 
sediments, but water filling it periodically makes a pic-
turesque Zawadowskie Lake (see Fig. 1) (Nowalnicki, 
1976; Margielewski, 1997). Due to rejuvenation of the 
western landslide zone by a younger generation of mass 
movements, a subsequent landslide with an amphitheatre, 
15 m high, main scarp and characteristic Lake at the scarp 
base were formed. The basin, dammed from the north by 
a series of colluvial ridges, is also filled with peat bog 
sediments and periodically with water (up to 2 m deep), 
thus, forming Iwankowskie Lake (the water table of this 
lake is a few meters below Zawadowskie Lake). A char-
acteristic, heart-like shape of the lake is a result of a slide 
of the colluvial ridge into the basin. In effect, the outflow 
from the basin was dammed (Fig. 3) (Margielewski, 
1997). Water is drained from the ponds by a subsurface 
system: at the base of colluvial ridges damming the out-
flow towards the north, a spring zone of the tributary of 
the Ochotnica River, was formed (Fig. 3). 

Depression, in which Iwankowskie Lake occurs, is 
filled with peat bog sediments reaching a thickness of 
2.5 m at the deepest point (Fig. 4). In the southern part of 
the peat bog, at the outlet of the main scarp incision, an 
alluvial fan developed which covered the peat surface at 
this point. The profile of the peat bog was subject to de-
tailed sedimentological and palynological analyses (Figs. 
5 and 6). 

 

Fig. 3. Map of landslide zone 
with Iwankowskie Lake (A) and 
Zawadowskie Lake (B) after 
Margielewski (1997) modified 
and supplemented. Signature 
explanation: 
1 – scarps;  
2 – landslide body and colluvial 
ramparts;  
3 – creeping;  
4 – debris;  
5 – erosional cutting;  
6 – deluvial cones;  
7 – lakes 
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Fig. 4. Sediment cores sampled from different parts of the peat bog in Iwankowskie Lake basin, curves of loss on ignition and radiocarbon age de-
terminations. Above — location of boreholes (cores) (lithological analysis: by W. Margielewski and K. Buczek). 

 

 
Fig. 5. Lithologic profile of mire deposits in Iwankowskie Lake basin, curve of loss on ignition, grain-size analysis (anal. W. Margielewski and K. 
Buczek). On the right-hand-side — photos of particular sequences of the sediments sampled with INSTORF sampler (photo: W. Margielewski). 
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4. OUTLINE OF HUMAN SETTLEMENT HISTORY 

The Lubań Range in the Gorce Mts. (where Iwankow-
skie Lake occurs) together with the Ochotnica valley is 
located between two settlements: Orawa-Nowy Targ 
Basin in the west and Nowy Sącz Basin in the east. These 
centres were settled already in the Late Palaeolithic and 
Neolithic (Valde-Nowak, 1988, 1995, 2000). The basins 
are connected by a transportation route, namely the Du-
najec and Krośnica Rivers. (Ochotnica River flows into 
the Dunajec).  

In the Lubań Range and in the Gorce Mts. there were 
no intensive settlements until the Middle Ages. The anal-
ysis is difficult because pollen diagrams from the Gorce 
Mts. are almost absent: in the pollen diagram from the 
Kiczora Mt. in Turbacz Mt. massif (ca. 9 km north of 
Iwankowskie Lake), cultivated plants (Cerealia undiff.) 
occur just since ca. the 17th Century (Koperowa, 1962). 
However, an early settlement in the nearby Nowy Sącz 
Basin, attributed to the Púchov Culture (Podegrodzie) of 
the La Tène Culture is known, whereas in the Orawa 
Nowy Targ Basin (area at the suth-west of Gorce Mts.) 
the settlement was developed in the Late Palaeolihic and 
Early Bronze Eppochs (Valde-Nowak, 1988). Moreover, 
a slightly later settlement of Przeworsk Culture in the 
Nowy Sącz Basin was intense (ca. 200 BC – AD 450) 
(Tunia, 1992; Madyda-Legutko, 1996). A decline in the 
settling process was observed during great migrations 
associated with invasion of the Huns in Middle Europe 
during the so-called Migration Period (AD 375–550) 
(Madyda-Legutko and Tunia, 1993). A few traces of 
settlements of that period are confirmed only from the 
sites located at higher elevations in the Poprad drainage 
basin (Madyda-Legutko, 1996). A new settlement cycle 
likely started in the Polish Carpathians in the 5th–6th cen-
tury and was related to Slavonic settlements of the so-
called Prague Province Culture (Parczewski, 1988). Ear-
ly-Slavonic settlements with ceramics of Prague traits are 
also confirmed in the Nowy Sącz Basin (Madyda-
Legutko, 1996).  

Intense settlements in the Gorce area did not take 
place earlier than in the 13th century and was registered in 
written documents (see: Czajka, 1987). Wietrznica was 
the oldest village located near the outlet of the Ochotnica 
River to Dunajec valley. The village existed since 1285 
as the property of Ordo Sanctae Clarae of Stary Sącz. 
Settling on German law was vivid in the south-eastern 
part of the Gorce and promoted formation of settlements 
on greenfield (Kamienica: AD 1334, Tylmanowa: AD 
1336, Maniowy: AD 1326, Dębno: AD 1325, Szlembark, 
Harklowa: AD 1325, Grywałd: AD 1330, and town of 
Krościenko: AD 1348) (Czajka, 1987). 

The oldest notes on Ochotnica are of 1336 and origi-
nate from Tylmanowa foundation documents, but the 
village gained the foundation privileges on 20 March 
1416. King Władysław Jagiełło granted the privileges to 
Dawid Wołoch (Czajka, 1987). 

At the end of 14th and beginning of 15th centuries, 
immigration of Balkan origin people — the Wallachians 
— played an important role in settlement of the Gorce. 
Ochotnica is considered to be the most important settle-
ment there (Kurzeja, 2006). Wallachian shepherds, who 
came with sheep and goat flocks in the Gorce region from 
the south in search for pasture, cleared and burned the 
forests, set up fields and built new settlements. It is likely 
that the village of Babieniec was already formed in the 
15th century in the upper course of the Ochotnica River. 
From 1910, the village has gone by the name of Ochot-
nica Górna. The document of Babieniec foundation on 
Walachian law is not known. The name of this settlement 
appears for the first time in church documents in 1608. At 
present, the only trace of the name Babieniec in the area 
of Ochotnica Górna is the name of the summit — Wierch 
Babiniec (Czajka, 1987). The best period of pasturing in 
Ochotnica was in the 16th and 17th centuries. However, 
infertile soils did not support inhabitants in developing 
farming. Thus, for subsistence it was natural to combine 
plant cultivation with pasturing as well as with exploita-
tion on fruits of undergrowth (Czajka, 1987; Adamczyk, 
1996). With time, however, under demographic pressure, 
pastureland (and intra-forest glades) were converted into 
arable land. This phenomenon took place by the end of 
17th century and contributed to a gradual ceasing of pas-
turing (Dobrowolski, 1936; Flizak, 1966). With growing 
overpopulation, a process of splitting homesteads and 
partitioning of arable lands was accelerated. 

Ochotnica was a forest-plot village (Waldhufendorf 
Saxon settlement), with tripartite land lots. Two parts of 
each lot were forest cleared. Homesteads were located on 
both sides of the road running along the main valley. 
Fields, adjacent to homesteads, departed the main road 
sideways. Forest plots formed the outermost part of the 
lot belonging to the same owner. Forests, which extended 
to the summit parts of the ridges or watershed divides, 
formed the village borders. Forests plots were of different 
widths and lengths in relation to physiographic features. 
According to the cadastre map of 1846, the village was 
divided in numerous hamlets, typically with patchy arable 
land. Farming expansion on slopes, where physiography 
and climatic conditions were less favourable, took place 
probably in the period of population growth and stronger 
demand for land (17th and 18th centuries) (Bucała, 2012, 
2014).  

As a result of overpopulation in the mountains, the 
farmland was strongly partitioned, so a shift of agricultur-
al-forest limit even to elevations exceeding 1000 m a.s.l. as 
in Podhale (Górz, 1994; Górka, 1995) was observed.  

The cadastre maps of the study area of 1846 and 2009 
show similar pattern of land plots, which were usually 
subjected to further subdivision. Because of that, the forest 
was sometimes converted into arable lands or pastures. At 
lower elevations, deforestation progressed, while at higher 
locations (over 780 m a.s.l.) the plots were merged and 
some of them were even reforested (see Fig. 2). 
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5. MATERIALS AND METHODS 

The exploratory drilling campaign comprised 12 
boreholes drilled in mires (peat bogs) using a spiral bit. 
Cores of sediments were taken with INSTORF sampler 
(Russian peat sampler), using core barrels 6–8 cm in 
diameter. For three cores taken from various parts of 
mire, analyses of loss on ignition were carried out. Com-
plete palynological and aerometric analyses were per-
formed for the longest core (Fig. 5 – core W1).  

The cores were sampled in 2.5 cm thick intervals, and 
analysed for loss on ignition at a temperature of 550°C 
(in a furnace stove), according to the procedure proposed 
by Heiri et al. (2001). The Bouyoucos-Casagrande aero-
metric analysis, as modified by Pruszyński (Mycielska- 
Dowgiałło and Rutkowski Eds., 1995), was used for the 
examination of grain-sized composition of mineral sedi-
ments of the mires (peat bogs). Minerogenic deposits 
were classified according to Pettijohn’s scheme (Petti-
john, 1975; Battaglia et al., 2002) combined with a grain-
sized scale of Wentworth (1922) Grain size indices: mean 
grain size (Mz); standard deviation (σ1), and skewness 
(Sk1) were determined following Folk and Ward (1957) 
(Fig. 5).  

Conventional radiocarbon dates (BP) were obtained in 
the Absolute Dating Laboratory in Skała (near Cracow) 
by M. Krąpiec whereas the AMS dating were carried out 
in the Seattle Radiocarbon Laboratory (USA). Calibra-
tions of radiocarbon dates (expressed as cal BC/AD) were 
carried out using the calibration data set of Reimer et al., 
(2013) using the OxCal v. 4.2 computer program (Bronk 
Ramsey, 2009) (Table 1).  

Results of pollen analysis are presented as a percent-
age of pollen diagrams, elaborated by V. Zernitskaya 
(Fig. 6). Palynological samples (2 cm3 of fresh sediment) 
were prepared according to the Erdtman (1943) (see also 
Berglund and Ralska-Jasiewiczowa, 1986) procedure.  

Besides pollen quantity, the study included stomata of 
plant, fungi and rhizopoda (amoebae fauna). The percent-
age values were calculated on the basis of arboreal and 
non-arboreal pollen sum (∑AP+∑NAP = 100%), only 
excluding demonstrably aquatic taxa and spore plants. 
Percentages of aquatic pollen and ferns/mosses spores as 
well as of non-pollen palynomorphs were calculated on 
the basis of ∑AP + ∑NAP + sum of corresponding grains 
= 100%. Pollen and spore identification was based on 
Moore et al. (1991) and Reille (1992). The mean number 
of the terrestrial pollen was counted up to 500 
grains/sample. The concentration of pollen is shown in 
1 cm3 and varies between 1860–6200 (Kabailene, 1969). 
These data (with lithology) reveal the speed of sediment 
accumulation or stages of the high hydrological activity. 

6. RESULTS 

Lithology 
The longest core was obtained from the central part of 

the mire (peat bog). At the base of the basin, in the 240–
211 cm interval, minerogenic deposits are blue or blue-
ish-brown in colour and represented by sandy silty clay 
(Fig. 4 — core W1; Fig. 5). Fragments of wood and bark 
are numerous there. Wooden detritus sampled from the 
deposits at the depth of 233–224 cm was radiocarbon 
dated at 2490 ± 35 BP (790–480 cal BC) (MKL-1577). In 
the neighbouring borehole, located in the marginal part of 
the mire (peat bog) the dating of the base deposits is 
slightly younger — 2080 ± 70 BP (240 BC – 70 AD; 
360–280 BC) (MKL-1579) (Fig. 4 — core W-3; Table 
1). In the main core, a complex of organic deposits occurs 
above the bottom sediments at the depth of 211–72 cm. 
Strongly decomposed peat is present at the base (at that 
interval of 211–200 cm). Numerous pieces of wood as 
well as some fir needles are present in this peat. At the 
depth of 195–175 cm a piece of a tree trunk occurring in 

Table 1. Radiocarbon datings of Iwankowskie Lake peat bog (calibration using OxCal v. 4.2. (Bronk Ramsey, 2009) on the base of Reimer et al., 
2013 calibration curve). 

Depth 
(cm) Material Lab. Code Age 14C 

(BP) 
Calibrated age 2σ 

(cal  BC/AD) Context of datings 

Log W-1 

22.5–25 charcoal D-AMS-2238 359 ± 26 1450–1530 AD 
1550–1640 AD Upper part of mineral level formation 

60–62.5 charcoal D-AMS-2237 183 ± 28 
1650–1700 AD 
1720–1820 AD 
1910–1960 AD 

mineral cover on peat formation 

77–75 wood detritus MKL-1580 1360 ± 50 590–770 AD Top part of peat accumulation 

175–179 Tree trunk MKL-1578 2450 ± 35 760–410 BC Formation of depression 
(and landslide) 

224–233 Woody bark  MKL-1577 2490 ± 35 790–480 BC Formation of depression 
(and landslide) 

Log W-3 

137–145 Wood fragments MKL-1579 2080 ± 70 240 BC – 70 AD 
360–280 BC Start of peat sedentation 
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the peat was drilled. According to the dendrological anal-
ysis performed by Prof. M. Krąpiec of AGH University 
of Science and Technology in Kraków, the tree piece was 
indicated as beech (pers. comm.). The wood piece sam-
pled from the trunk was radiocarbon dated at 
2450 ± 35 BP (760–410 cal BP) (MKL-1578). This date 
is synchronous with the dated fragments of bark and 
wood found in the deposits sealing the basin (Fig. 5). 

In the 200–150 cm interval, in which a tree trunk was 
drilled, there is a horizon of decomposed tree peat, brown 
in colour, which contains a large amount of decomposed 
wood. The top of this complex (170–150 cm) is enriched 
with mineral sediments. There, at the depth of 150 cm, a 
beech nut was found. The overlying peat, found in the 
interval of 150–72 cm, is detrital, slightly decomposed, 
and contains numerous fragments of wood (it represents 
woody peat). This peat is characterized by a high loss on 
ignition reaching 75–80% (Fig. 5).  

The peat is covered with 72 cm thick mineral sedi-
ments, which are results of allochtonous material supply 
to the mire (peat bog) mainly from a deluvial cone which, 
at present-day, mantles the mire. The mineral sediment 
cover is formed generally by sandy clayey silt which is 
polory sorted (σ1 = ca. 3). Some horizons of the deposits 
show stripes. Charcoal is present in places. Areometric 
analyses provide evidence that sandy clayey silt was 
enriched with more coarse (sandy) material periodically. 
Inserts of clayey sand occur in the intervals of 53–56; 32–
37 and 11–16 cm (Fig. 5). Those inserts can be either the 
records of extreme, repetitive downpours or effects of 
material sorting in the alimentation area. So, sorting 
might refer to the material of the deluvial cone or to the 
material resting on slopes (that material was supplied to 
the basin due to slopewash — see Margielewski, 2006). 
The top part of the cover (the topmost 5 cm) is enriched 
with organic material. 

The sample taken from the top of peat covered with 
mineral deposits (77–75 cm) was radiocarbon dated at 
1360 ± 50 BP (590–770 cal AD) (MKL-1580). Then, the 
piece of charcoal occurring at the base of the cover was 
AMS dated at 183 ± 28 BP (ca. 1650–1960 cal AD) (D-
AMS-2237), and the wooden detritus sampled from the 
horizon of 59 cm (from the wall of the pit dug in the sag 
pond sediments) was dated at 105 ± 100 BP (1531–1538; 
1636–… cal AD) (MKL-1998). This significant age dif-
ference provides evidence for a hiatus at the base of the 
cover. This is definitely confirmed by palynological anal-
ysis (Fig. 6). A piece of charcoal, occurring in the upper 
parts of the cover (25 cm) was dated at 359 ± 26 BP 
(1450–1530; 1550–1640 cal AD) (D-AMS-2238) (Fig. 5). 

Vegetation history 
Pollen diagram was divided into local pollen assem-

blage zones (L PAZ) according to Birks (1979, 1986) 
(Fig. 6). The diagram was also divided into chronozones 
proposed by Mangerud et al. (1974), modified by Starkel 
et al. (2013). 

Local vegetation development  
The Picea-Pinus LPAZ (240–230 cm) corresponds to 

the oldest Subatlantic chronozone, and to the Subbore-
al/Subatlantic transition acoording to Starkel et al. 
(2013), ca. between 2850–2400 cal BP (Fig. 6). The 
decreasing percentage values of Pinus (from 24 to 12%) 
and Picea (from 46 to 23 %) pollen, as well as Corylus is 
typical for the termination of the Subboreal (Ralska-
Jasiewiczowa et al. Eds, 2004) according to Mangerud et 
al. (1974). The increase of Abies alba (ca. 20%) and 
immigration of Fagus sylvatica also indicate the transi-
tion to Subatlantic. Other characteristics are a higher 
share of fern (Filicales monolete) spores. The low pollen 
concentration in sandy clayey silt at the 230–240 cm 
depth indicates the fast accumulation of deposits. 

The Abies LPAZ, Abies-Fagus and Abies LPAZ-s 
(230–65 cm) correspond to the older and middle part of 
Subatlantic chronozone (~2400–1000 BP, according to 
Starkel, 1999). These LPAZ illustrates the distribution of 
shady natural beech-fir forests accompanied by broad-
leaves trees (Quercus, Ulmus, Carpinus). The Abies sto-
mata are present constantly in sediments. The main max-
imum of Fagus-Abies forests in the NW Carpathians is 
set in the range 3000-1500 yr BP (Obidowicz et al., 2004; 
Latałowa et al., 2004) that confirms our chronology. 
Wetlands and boggy parts of surrounding territory were 
occupied by plants from family of Liliaceae and ferns 
such as Thelypteris palustris, Athyrium filix-femina. The 
aquatic and semiaquatic plants were submitted by Typha 
angustifolia, Alisma, Sparganium, Nuphar, Lemna, Pedi-
astrum boryanum and by Diatom algae. The hydro-
hygrophytes (Centropyxis aculeate, Amphitrema flavum) 
and sphagnum species (Arcella) of amoebae were found. 
(Bobrov et al., 1999; Opravilovà and Hàjek, 2006). Re-
duction of Fagus pollen and weak increase of herbs (Po-
aceae, Cyperaceae, Ranunculus, Consolida type) together 
with presence of Cerealia undiff. and other anthropogenic 
indicators are established at the end of the middle Subat-
lantic (LPAZ Abies, 63–98 cm). 

The Pinus-Picea-NAP and Picea-Pinus LPAZ corre-
spond with youngest Subatlantic Chronozone. These 
zones reflect an abrupt change of vegetation which is 
marked in sediments at depth of the 65 cm. The oscilla-
tions of pollen concentration define the fast accumulation 
in intervals 65–50, 20–10 cm. The charcoal pieces were 
found in sample at the depth of 20 cm only. The diagram 
shows the displacement of the sediment from the upper 
horizons to the 60–55 m depth. This inversion is con-
firmed by radiocarbon data, as well as by similar peaks of 
pollen (Picea, Pinus, Fagus, Abies, Betula, Consolida, 
Filicales monolete). Probably, the vegetation changes 
were related to climatic conditions and/or connected with 
human economic activity. The deforestation is illustrated 
by fall of the Abies and Fagus pollen, by sharp pollen 
peaks of Picea, Pinus and NAP (ca. 60%) and by the 
increase of the Botrychium, Ophioglosum, Lycopodium, 
Diphasium and Filicales monolete spores. Among herbs 
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the Consolida type predominated (22–43 cm). Herbs of 
this genus have a wide ecological range, prefer the open 
places (grasslands, open forest) and have important sig-
nificance as an arable weed (Consolida regalis). Moreo-
ver, rise values of Chenopodiaceae and anthropogenic 
indicators. 

7. PALAEOCLIMATIC CHANGES AND HUMAN 
IMPACT ON ENVIRONMENT 

Radiocarbon dating and polynological analysis show 
that the depression, over the landslide, in which the peat 
bog developed and which was periodically filled with 
water (as Iwankowksie Lake), was formed during more 
humid phase at the Subboreal/Subatlantic transition. 
Distribution of the radiocarbon dating of the parts of the 
mire (peat bog) close to its base show that the dates can 
reflect a real time of the depression formation and, there-
fore, the age of the landslide over which the depression 
had formed (see Margielewski, 2006). It is symptomatic 
that the date obtained from the wooden detritus present in 
the mineral sediments as well as the date obtained from 
the tree trunk (beech) occurring at the base of the depres-
sion are identical within the accuracy limits (i.e. 
2490 ± 35 and 2450 ± 35 BP) (Fig. 5). As the sedimenta-
tion took place just after the depression formation, the 
date also identified the timing of the landslide develop-
ment because the depression occurs at the base of the 
landslide main scarp. In the surroundings of the depres-
sion, intensive washing processes affected fragmented 
colluvial material, which is characteristic of a newly 
formed landslide. In the pollen diagram the reduction of 
spruce forests and occurrence of fir is recorded, which is 
typical in this time in the Carpathians (Obidowicz et al., 
2004). The turn of the Subboreal Phase and the beginning 
of the Subatlantic Phase were particularly humid (see 
Starkel, 1977; Starkel et al., 2013), so numerous and 
repetitive precipitation favoured the washing processes. 
The dated tree trunk at the base of the deposits was 
dropped into the depression newly formed. So, both the 
dates unambiguously indicated the timing of the landslide 
formation (and the depression occurring there) and are 
crucial for dating mass movements (see Margielewski, 
1998 and 2006). 

The mass movements, during which the depression 
filled with water of Iwankowskie Lake was formed, and 
which rejuvenated the landslide zone, were associated 
with cooler and more humid climate at the turn of the 
Subboreal and Subatlantic Phases. A cooling, which 
could be considered as a phase, resulted in advances of 
glaciers in the Alps (Goeschener 1 Phase — Borten-
schlager, 1982) in the Scandinavian mountains (Karlen 
and Kuylenstierna, 1996) and in intensification of nival 
processes in the Ukrainain Carpathians (Kovalyukh et al., 
1996). A more humid climate, being a pluvial equivalent 
of cooling at higher elevations (see Starkel, 1995), 
brought in effect intensified flooding in the upper Vistula 

River drainage basin (Starkel et al., 1996; Starkel, 2002; 
Starkel et al., 2006), and a rise of water level in Alpine 
lakes (Magny, 1993) as well as in lakes of northern Po-
land (Ralska-Jasiewiczowa Ed., 1989). In the Carpathi-
ans, intensification of mass movements was registered at 
that time (Alexandrowicz, 1996, 1997; Starkel, 1997; 
Starkel et al., 2013; Margielewski, 1998; 2006; Panek et 
al., 2010, 2013). Wetter climate favoured intensified 
supply of material to sedimentary basins (landslide 
lakes), resulting in the formation of mineral horizons 
within the organic deposits (Baumgart-Kotarba and Ko-
tarba 1993; Margielewski, 2006, Margielewski et al., 
2010a, 2010b). At that time, intensification of mass 
movements was also observed in other mountains of 
Europe (Ballantyne, 2002; Dapples et al., 2002; Soldati et 
al., 2004). 

The palynological analysis of deposits from the base 
parts point out a decrease in concentration of pollen of 
Pinus, Picea, Alnus and Corylus, which, provided expan-
sion of fir, suggests climate cooling at that time (Fig. 6). 
However, it is symptomatic that the indices of permanent 
filling with water are not registered in the base parts of 
the profile. The only evidence of aquatic condition is 
presence of Diatom algae and hydro-hygrophytes amoe-
bas (Fig. 6). So, it is very likely that the basin bottom was 
not sufficiently sealed. Pollen of aquatic plants (Nuphar, 
Lemna) and rush plant (Typha), appears (periodically) 
only at the depths of ca 170–160 cm and is accompanied 
by a mineral sediment supply, which results in the for-
mation of illuvial horizon in the peat. This horizon is 
clearly visible on the curve of loss on ignition (Fig. 5). 
The above might suggest that a persistent body of water 
was present here for a relatively short time. Mineral sed-
iments, in suspension, were supplied from the surround-
ing of the mire (peat bog) to this body of water. 

Successive supply of mineral sediments, forming the 
mineral cover over the peat, to the body of water is visi-
ble at the depth from 72 cm. The beginning of the mineral 
material supply to the mire took place above the horizon 
which was radiocarbon dated at 1360 ± 50 BP (590–770 
cal AD) (peat below mineral cover was dated). In the 
horizon (75–77 cm), which was radiocarbon dated, traces 
of cereal pollen (Cerealia undiff.) appear for the first time 
in the pollen diagram. Open terrains of the discussed 
time-period are recorded in the pollen diagram by an 
appearance of Poaceae, Ranunculaceae (meadows) and 
typical weeds which were the first sign of early farming, 
namely Polygonum persicaria, Scleranthus, Brassicaceae 
(Behre, 1981) (Fig. 6). A local decline in concentration of 
tree pollen at that period cannot be associate with an 
evident deforestation, which is difficult to identify based 
on a decrease in the trace concentration of pollen of 
Ulmus, Carpinus, Tilia, and Fraxinus. What is more, the 
evident decline in Fagus pollen is accompanied by a 
complementary increase in Abies (Fig. 6). Simultaneous 
appearance of cereal pollen and gradual supply of mineral 
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sediments to the mire can suggest a change related to 
cultivation being introduced by humans.  

The initial, gradually increasing, supply of alloch-
tonous sediments to the mire (peat bog) (ca. 590–770 cal 
AD), was terminated by a deposition of a durable thick 
mineral cover on peat, seems to correlate well with a 
commonly observed cooler and more humid climate at 
ca. AD 500–800, and its culmination at ca. AD 550 
(Frenzel, 2000). Because of floods, oak trees had inten-
sively fallen. The phase of oak falling was dendrochrono-
logically dated at 425–625 AD (Krąpiec, 1992; Kalicki, 
Krąpiec, 1995; Starkel et al., 2013). Rise of the water 
level in sub-alpine lakes (Petit Maclu-2 Phase — Magny, 
2004) or in northern Poland (Żurek and Pazdur, 1999) 
provides evidence of a more humid climate. In the Carpa-
thians, intensified mass movements were registered at 
that time (Margielewski, 2006; Panek, et al., 2013). In 
mountain mires (peat bogs) mineral horizons were depos-
ited (Margielewski and Kovalyukh, 2003; Margielewski, 
2006). 

The mineral cover on the peat is associated with 
slopewash and formation of the deluvial cone (Mar-
gielewski, 2006; Margielewski et al., 2010b) (see Fig. 3). 
Sandy inserts in relatively homogenous clastic material of 
the cone provide evidence for an increased overland flow. 
The base deposits of the cover, where the sandy inserts 
occur, are characterized by a fairly uniform grain size 
composition (Fig. 5). It cannot be excluded that at pre-
sent, the sandy inserts are related to the location of the 
analysed profile over the cone. Lamination of the mineral 
sediments within the cover point out that the sandy clayey 
silt was deposited generally in an aquatic environment 
(from suspension). The lacking pollen of aquatic plants 
may provide evidence of a periodic nature of the body of 
water. The palynologically identified and confirmed by 
the radiocarbon dating hiatus, which occurs at the base of 
the cover, is likely an effect of erosional removal of some 
deposits from the cover (see Margielewski, 2006). Nu-
merous charcoal pieces are present in the cover. The 
burning of forests at that time in order to prepare land for 
cultivation and pasturing is confirmed by the change in 
pollen spectrum in the palynological diagram. However, 
an abrupt decrease in tree pollen, visible in the diagram, 
is an effect of a break in sedimentation (Fig. 6). Subse-
quent occurrence of pollen associations characteristic of 
cultivated plants (Cerealia undiff.), arable weeds (Cen-
taurea cyanus, Polygonum aviculare, Polygonum persi-
caria and Consolida type perhaps), ruderal communities 
(Urtica, Artemisia), meadow and/or pastures flora 
(Rununculaceae, Rumex acetosa, Plantago major, Cicho-
riaceae) is of tentative (or episodic) nature and provides 
evidence for frequent changes in land use: a shift from 
plant cultivation to pasturing. Taking into account that the 
site is located on the north-facing slope at the hinterland 
of the deeply incised narrow valley of the Ochotnica 
River (with frequent temperature inversions), the change 
in the land use, that was forced by environmental condi-

tions and manifested in shrinking the cultivated land in 
favour of pasturage, seems reasonable. It should be em-
phasized, that despite the northern aspect of the site, 
which was unfavourable for cultivation, the areas nearby 
the analysed site had an important asset for settling and 
land management: they were rich in water. Consolida 
type, the species preferring open habitats and cultivated 
area, is a good indicator of the changes in land use. A 
particularly high concentration of pollen of that species in 
the palynological diagram and a simultaneous significant 
(temporary) decrease in concentration of tree pollen, as 
well as the lack of pollen of cultivated plants, can indicate 
a transitory renaturalization of open habitats owing to 
deforestation, which was followed by the next phase of 
cultivating plants on the sunlit slope in response to the 
increase in human population. 

A temporal interval of the hiatus in the deposits of the 
mineral cover is a controversial issue. Radiocarbon dates 
(AMS and conventional ones) obtained from charcoal 
pieces sampled from the cover deposits are inversed in 
the profile which can be attributed to many causes, in-
cluding charcoal redeposition as a major one. On the 
ground of three L PAZ phases in the profile interval 
comprising the mineral cover (Pinus-Picea-NAP; NAP; 
Picea-Pinus), as well as two phases of human activity 
(separated by a period without cultivation) which were 
palynologically registered, it is not likely that the en 
masse sedimentation was a rapid event (see Fig. 6). Only 
a rapid rate of sedimentation of the sandy inserts was 
confirmed palynologically at the depths of 65–50 cm and 
20–10 cm. A relatively long process of the cover deposi-
tion (250–300 years long) could have been proven by 
trends of the curves of species of tree pollen (Pinus, 
Picea, Abies) and their concentration which show tempo-
rary deforestation and a new, also temporary, regeneration 
of the forests during the deposition of the cover (Fig. 6). 

8. DISSCUSION 

The pollen of cereals, marked in the diagram as Cere-
alia undiff. (including Triticum- type (cereal), Avena – 
type (oat) and Hordeum – type (barley), excluding Secale 
— see Okuniewska-Nowaczyk et al., 2004) usually is not 
transported over long distances, but at best it migrates 
from the valley bottoms to upper parts of the slopes due 
to convection (Obidowicz et al., Eds., 2014). Small 
amount of cereal pollen in the deposits is associated with 
the fact that the cereals, which are self-pollinating, gener-
ally produce little pollen, and are usually under-
represented in the pollen diagrams (Okuniewska-
Nowaczyk et al., 2004). Thus, the presence of cereal 
pollen in the sediments is usually associated with the land 
use in the surroundings of the investigated site. 

The cereal pollen (Cerealia undiff.) occurs in the dia-
gram for the first time in the deposits of the mineral cover 
below the hiatus and was radiocarbon dated (indirectly) at 
slightly older than 590–770 cal AD. The cereal pollen is 
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accompanied by segetal weed (Polygonum persicaria, 
Scleranthus) (Figs. 5–6). The discussed site is the one of 
a few that would confirm the traces of early-Slavonic 
settlements in the Gorce, likely of the Pargue cultural 
province which was also identified in Nowy Sącz Basin 
(Madyda-Legutko and Tunia, 1993; Madyda-Legutko, 
1996). Moreover, it would be the trace of a new settle-
ment period in the Carpathians, which followed the Mi-
gration Period of AD 370–550. 

Whereas the sediment sequence and the dates of the 
base and middle sections of the profile show a continual 
stratigraphic succession, the date inversion of upper sec-
tions within the mineral cover above the hiatus may be 
difficult to interpret. 

The analysis of the pollen associations in the sedi-
ments of the mineral cover (above the hiatus) allowed for 
identifying two distinct phases of human activity in the 
palynological diagram (Fig. 6). Two phases of human 
activity, separated by the period when cultivation was 
discontinued, are more pronounced although they were 
identified in the profile section above the sedimentary 
hiatus. These phases are as follows: 

Stage 1 — introduction of early farming. This stage 
may be recognized by the appearance of the pollen of 
agricultural cereals (Cerealia undiff.) and segetal weeds 
(Centaurea cyanus, Polygonum persicaria, Scleranthus, 
Polygonum aviculare, Consolida type), as well as rise of 
curves of Poaceae and the dash of ruderal species (Chae-
nopodiaceae, Artemisia, Urtica) as well as plants of graz-
ing meadows (Plantago media/major, Rumex ace-
tosa/acetosella, Ranunculaceae, Cichoriaceae). On the 
background of radiocarbon datings, this stage of human 
activity could have been related to the 17th century Wal-
lachian colonization of the Gorce (Czajka, 1987). It can-
not be excluded that intensification of agricultural prac-
tices in the vicinity of the peat bog (proven by pollen of 
Cerealia undiff. in the polynological profile) coincided in 
time with a strong cooling and more humid climatic con-
ditions of the Little Ice Age. That resulted in (or only 
strengthened) the changes in sedimentary environment of 
the mire (peat bog) causing an onset of deposition of the 
mineral cover on the peat — the process which has been 
ongoing until present (see Fig. 1A, see also Margielew-
ski, 2006). Intensive agricultural activity at that time is 
shown by the appearance of Funghi spores, which identi-
fy soil-forming processes (Fig. 6). 

Stage 2. This zone is characterized by spreading of 
abandoned land after the termination of human activity. 
The role of herbs (NAP – 60.2%) increases significantly. 
Consolida type, which has been present in this phase both 
in natural Abies-Fagus forests, so in crops, as well as in 
all open spaces. The values of the ruderal herbs increased 
(Chenopodiaceae, Asteraceae). A break in human activity 
was definitely related to village depopulation. The most 
intensive migrations, which caused the drastic depopula-
tion of the Ochotnica village was registered during the 3rd 
Northern War (1700–1721) (Czajka, 1987). However, a 

successive re-growth in population had been registered 
from 1758 and resulted in the overpopulation of the vil-
lage (Czajka, 1987). 

Stage 3. (second phase of human activity). The pollen 
spectra are fixed, but the appearance of the modern sec-
ondary Picea -Pinus forests is visible. Human presence is 
shown by increased values of the ruderal herbs such as 
the Artemisia, Chenopodiaceae, Urtica Plantago me-
dia/major. The beginning of the human activity phase 
was radiocarbon dated at 1450–1530 and 1540–1640 cal 
AD, which, when compared to the dates of the base of the 
mineral cover, seems to be over-aged probably due to 
washing out (dissecting) of the lower horizons of the soil 
profile registering the forest clearing. Redeposition of the 
sediments can be inferred from the pollen sequence, 
which is almost identical with that of horizon 1 (see Fig. 
6 — compare stages 1–3) as well as from a re-appearance 
of Funghi spores in the profile. It cannot be excluded that 
the redeposition and acceleration of mineral sediments 
supply to the basin was associated with the introduction 
of root and bulb plants (mainly potatoes) in the 19th cen-
tury (see Czajka, 1987). 

The radiocarbon dates (although inverted in the pro-
file) and palynological examination would suggest that 
the deposition took place during the burning land man-
agement combined with forest clearing. In the profile, 
two periods of plant cultivation and pasturing on the 
north-facing slope in the closest surrounding of the land-
slide with the lake-mire basin were recorded. As previ-
ously mentioned, two cultivation-pasturing phases are 
separated by a period without farming, but with restora-
tion of forest and meadow communities. 

Basing the chronology on radiocarbon datings and 
historical records, the period of Wallachian shepherds 
expension and new settlement formation in the 16th and 
17th centuries (Babieniec settlement) was presumably the 
first phase. The second phase of agricultural usage of the 
northern slopes was likely in the period of overpopulation 
and land yearning as well as of the first waves of migra-
tions occurring from the end of the 18th century through-
out the 19th century. This is clearly registered in the 
neighbouring Podhale region (Górka, 1995). 

Three sandy inserts in the entire section provide evi-
dence for downpours and formation of the cone below the 
erosional trough. These processes were characteristic of 
the humid and cool phase of the Little Ice Age (Grove, 
1988; Kotarba, Ed. 2004). 

9. CONCLUSIONS 

Human activity registered in the minerogenic mire or 
Iwankowskie Lake formed from the Subbore-
al/Subatlantic Phase (2.49 ka BP) is characterised by 
significant temporal changes. The oldest stage of agricul-
tural human activity recorded in the pollen diagram was 
probably associated with the early phase of Slavonic 
settlement, i.e. Prague province culture. The level in 
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which cereal pollen (Cerealia undiff.) appears was radio-
carbon dated at 590–770 cal AD which forms the basis 
for archaeological prospecting of these regions towards 
looking for traces of early-Slavonic settlements in the 
Gorce region. The younger phases of human activity are 
clearly registered in mineral sediments and were associat-
ed with agricultural use of the valley sides of Ochotnica 
River in the last 300–350 years. Intensification of human 
activity also resulted in a permanent change in sedimen-
tary environment in the surrounding of the mire. Super-
position of slopewash during fundamental restructuring 
of land use when the Gorce were under Walachain colo-
nization and an increase in climate humidity during the 
Little Ice Age caused the organic accumulation in the 
mire, which was replaced with mineral sedimentation, 
formation of mineral cover, erosional removal of some 
deposits and hiatus development in the base part of the 
cover. The site occupying the north-facing slope is locat-
ed 150 m above the bottom of the river valley. Likely 
because of that, on gentle fragments of the slopes in the 
surroundings of the mire (mainly in the topping mineral 
cover), human activity was characterized by a high tem-
poral variability of land use forms: from cereal (Cerealia 
undiff.) cultivation associated with the Walachain settle-
ment to tentative discontinuing of agricultural practices 
and the shift from cereal cultivation in favour of pasturing 
(or growing root and bulb plants).  

Clear traces of human activity, identified in the depos-
its overlying the peat-filled basin developed over the 
landslide, originate from recent centuries, the era when 
overpopulation forced people to expand with agricultural 
practices and pasturing on highly elevated north-facing 
slopes. This is confirmed by C14 dates from deposits of 
the mineral cover. 
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