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Record and palaeogeographical implications of Pleistocene periglacial processes
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The paper describes 51 ice-wedge casts from Wierzchuca Nagórna village near Drohiczyn town in the Podlasie Lowland in Eastern
Poland. The structures are preserved in a till of the Wartanian Glaciation. In the exposure the mean distance between them is 1.7 m; their
mean length is 1 m, and their width ranges within 0.2–0.5 m. Most of the structures are typically wedge-shaped, although in some cases
less regular pockets or veins are also observed. Some of the casts display a complex origin. They are filled mostly by fine-grained sand, in
the lower parts with wind-corroded grains, as well as by sand with gravel from the overlying deposits. Near the ice-wedge casts, traces of
frost swelling, uplift and sorting in permafrost conditions, as well as of an active layer are preserved. The thickness of the permafrost ac-
tive layer, as preserved, is about 0.5–0.7 m. The formation of ice-wedges reflects periglacial conditions during the Vistulian
(Weichselian) Glaciation. Three palaeogeographical alternatives are discussed. Probably, the lack of traces of periglacial activity from
the Wartanian Glaciation is a result of plateau denudation. The range of this denudation has also been estimated.
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INTRODUCTION

Numerous exposures of structures reflecting Pleistocene
periglacial processes are known from the Podlasie Lowland,
e.g., at Królewski Dwór near Parczew, Augustów near Bielsk
Podlaski and Gostchorza (Mojski, 1972). Further exposures
were recognized during fieldwork in 2003–2004 within the
Drohiczyn Plateau: Wierzchuca Nagórna, Lisowo-Janówek,
Putkowice Nagórne and Sytki (Fig. 1). The exposure at Wierz-
chuca Nagórna, 12 km NNW of Drohiczyn, is exceptional,
with 51 ice-wedge casts preserved in a gravel-pit (1 on Fig. 1).
The ice-wedge casts reveal different shapes, sizes and types of
infill. Due to the low faces of the gravel-pit, the exposure was
easily accessible. Well-preserved forms of similar character
can also be found in a neighbouring gravel-pit (2 on Fig. 1).

The main goal of this paper is to describe and map this unique
exposure of buried periglacial features within its geological and
geomorphological context. The measurement of structures and
analysis of their shape, size and spatial distribution, together with
quartz grain analysis of the sediments filling the ice-wedge casts,
were aimed at recognizing the environment of their development.

Petrographic analysis of the gravel fraction and TL dating was
carried out to estimate the age of the deposits.

This analysis of the periglacial structures on the Drohiczyn
Plateau and comparison of these structures with those from
other regions, provide new data aiding discussion of the
palaeogeography of the Podlasie region.

GEOLOGICAL AND GEOMORPHOLOGICAL
SETTING

The exposure in Wierzchuca Nagórna is located on the
western part of the Drohiczyn Plateau (Kondracki, 2000), near
the distinct margin of the N–S section of the Bug valley
(Fig. 1). Just by the gravel-pit lies a smoothly incised valley of
an unnamed tributary of the Bug which, with other minor tribu-
taries, forms a system of parallel valleys on the Drohiczyn Pla-
teau. The surface of the study area is generally flat or slightly
descends westwards. The topmost part of the gravel-pit lies at
132 m above sea level. The generalized lithological log has
been compiled from the section description and a core drilled in
the gravel-pit bottom (Fig. 2). Below a humus horizon, silty,



pale yellow, poorly sorted sands with gravel occur. These de-
posits do not show any distinct sedimentary structures. In the
lower part of this bed, horizontal concentrations of gravels are
locally present. Greater concentrations of gravel in some parts
of the exposure, particularly near the wedge structures, reflects
processes of frost segregation in non-uniform soils. The thick-
ness of this bed, which covers the ice-wedge casts, varies be-
tween 0.3 and 0.5 m. Below lies brown, sandy till with a high
content of gravel. The thickness of till is about 0.5–1.5 m. The
till is penetrated by numerous ice-wedge casts, infilled with
sandy gravel, in some cases with thin clayey beds. Below lies
cross-stratified sand with gravel. This bed continues down-
wards, reaching up to 4.3 m in thickness (Fig. 2).

The geological setting indicates that the exposed strata may
be referred to the Wartanian Glaciation (Nowak, 1971, 1972;
Marks, 2004a, b). The age and succession of deeper-lying strata
has been established based on data from the Œledzianów succes-
sion, situated about 4 km NW of the gravel-pit studied. Correla-
tion of this succession with the borehole core from the gravel-pit
indicates that below the sandy gravel bed lies a succession up to
7.2 m thick consisting of varved clays and silty and clayey sands
(J. Nitychoruk, pers. comm.). This succession lies on till from
the Odranian (?) Glaciation, the thickness of which reaches
about 5 m (Borówko-D³u¿akowa, 1973), which is underlain by

glaciofluvial sandy gravels
several metres thick. Silty de-
posits with a thin peat layer at
the base lie below. The age of
this peat has been assigned,
based on pollen spectra, to the
Mazovian Interglacial (Bo-
rówko-D³u¿akowa, 1973).
These deposits overlie thick
till of the Sanian II Glaciation.
The lowermost Pleistocene
deposits in the study area are
represented by fine sandy and
silty-clayey deposits, with a
total thickness of up to 160 m.
At about 35 m below sea
level the top of the Miocene
succession, which form the
basement of the Quaternary
deposits.

RESULTS OF
PETROGRAPHIC

ANALYSIS

Macroscopic petrogra-
phic analysis was carried out
to compare the gravel frac-
tion from the till, the overly-
ing silty sands and gravels
and the ice-wedge infills (of
sand and gravel).

For the till, the sample number was 186, for the overlying
material it was 73, and for the ice-wedge infills it was 78. The
grain size studied was between 2 and 5 cm. The analysis shows
a distinct difference between the petrographic composition of
the till and the two other deposit types. In the till, sedimentary
rocks, mainly limestones and sandstones, prevail. By contrast,
the petrographic composition of the overlying and ice-wedge
infill material is dominated by crystalline rocks. Moreover,
there are no essential differences between the composition of
the cover and of the infill deposits. This supports the field inter-
pretation of the exposure and indicates that the gravel of
ice-wedge infills originated from the overlying strata. By com-
parison with the till, the overlying material contains a low per-
centage of relatively low-density sedimentary rocks. This
probably results from erosion of the uppermost part of till and
washing out of the least dense rock fragments, particularly
limestones, by erosion and denudation (see Manikowska,
1982). The crystalline rocks recognized in the gravel fraction of
the till are dominated by granitoid fragments (Prück granite,
Cland granite) and porphyries (red Baltic porphyry). The
petrographic composition of the till from the Wierzchuca
Nagórna exposure is typical of the till of the Wartanian Glaci-
ation (D. Ga³¹zka, pers. comm.).
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Fig. 1. Location of sites with buried periglacial structures in the Drohiczyn Plateau and limits
of ice sheets in eastern Poland, after Marks (2004a)



CHARACTERISTICS OF THE ICE-WEDGE CASTS

DISTRIBUTION, PARAMETERS AND SHAPE

The exposed wall of the gravel-pit has been divided into sec-
tions, and the ice-wedge casts have been numbered from 1 to 51,
beginning from point A on the eastern wall (Fig. 3). The follow-
ing parameters of the ice-wedge casts have been measured:
length, width of upper part and distance between the casts. Their
shape has also been described (type of termination, dip of axis,
type of contact with the adjacent sediment). The measurements
and field observations show that the casts are closely spaced,
from 0.5 to 3.5 m apart, most commonly 1.5–2 m apart, and ave-
raging 1.7 m (Figs. 3 and 4). By dividing the total length of ex-
posed faces by the number of wedge structures we can calculate
the ratio of wedge density; the mean wedge spacing (according
to Maizels, 1986; method), which is about 3.02. They are best
developed in the SE part of the exposure, whereas in the NE part,
where the till layer is much thinner, the casts are less numerous
and less distinct. Their length typically reaches about 1.0 m (in
27 out of 51 studied), and rarely exceeds 1.2 m. Smaller forms
(0.6–0.8 m) are also numerous. The cast width, measured in their
upper parts, varies between 0.2 and 0.5 m and in some cases may
even exceed 1 m (Fig. 5).

The variable shape of the structures studied results not only
from their intersection with the gravel-pit wall, but most proba-
bly reflects variable environmental conditions during their evo-
lution. Therefore the term “wedge” does not necessarily always
reflect their shape. Several types of shape have been distin-
guished. A typical wedge shape occurs in forms nos. 17, 20
(Fig. 6), 23 and 39 (Fig. 3). They are terminated by 1 m long,
0.3 m wide in their upper part (relation between length and
width in the upper part is 3:1). They are terminated by a distinct
triangle, and the forms are symmetrical along the vertical axis.
The second type includes sack-like forms. These are typically
1–1.2 m long, and the width in the topmost part does not
change significantly with depth. This shape is represented in
forms nos. 8, 15, 19 and 29 (Fig. 3). The next group includes
short and wide forms, nos. 1, 2, 9, 10, 11 and 12 (Fig. 3). A
separate group includes forms of exceptional sizes. Ice-wedge
casts nos. 4, 12, 34 and 48 (Fig. 3) are distinctly larger by com-
parison with the other casts. They usually have a double termi-
nation (Fig. 4). In turn, forms nos. 3, 24, 42, 46 and 47 (Fig. 3)
are distinctly smaller than the others.

Regardless of their shape, the axes some casts deviate from
the vertical. The best examples of this feature are casts nos. 4,
13, 18, 21, 25, 40, 44, 45 and 48 (Fig. 3).

Forms that are asymmetrical in their upper part have also
been noted, e.g., nos. 2, 12, 17, 37, 41, 43, 48 and 51 (Fig. 3).
This is probably a result of local palaeoclimatic conditions,
i.e. exposure of the cast walls to sunlight or the influence of
warm air (Jahn, 1970).

The shapes of ice-wedge casts described and their distribu-
tion in the exposure wall suggest unequivocally that they re-
flect a polygonal network developed on a plateau surface in
periglacial conditions (Dylik, 1966; Washburn, 1973; Jahn,
1977). The variable distances between the casts indicate the
complex pattern of the polygonal network, and the occurrence

of much smaller and shorter forms in the vicinity of larger, lon-
ger structures (e.g. 3, 4, 6, 7, 29, 30, 47 and 48 on Fig. 3) may
reflect several generations of fractures.
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Fig. 2. Stratigraphic logs of the Drohiczyn Plateau at Wierzchuca
Nagórna; based on section logging, coring (J. Nitychoruk, pers.
comm.) and the Œledzianów borehole (Borówko-D³u¿akowa, 1973)
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HOST SEDIMENTS

In most cases the casts termi-
nate within the glacial till. Only
in the NE part of the gravel-pit do
they extend through the thin till
layer into the underlying sands
and gravels. The cast outline is
marked by a thin layer of dark
brown orstein (Fig. 4). Such a
layer in the shape of a widening
cast or pocket can also be traced
in the sands and gravels below
the bottom surface of the till
(Fig. 7). However, the structure
and lithology of the deposits be-
tween the inside and outside of
such an orstein pocket remain
unchanged. This suggests that
the frost processes responsible
for the formation of the fractures
in the till did not reach down to
the underlying sands and gravels.
Thus, this type of cast termina-
tion is a result of seasonal infil-
tration of melting waters rich in
iron compounds and should be
linked with the terminal stage of
ice-wedge disintegration. Melt-
water reached the still-frozen
layer under the till and systemati-
cally melted the ground ice (Jahn,
1977). Precipitation of iron com-
pounds took place in the zone of
temperature compensation be-
tween the water and frozen
ground. The width of this zone as
well as the irregular shape of the
outline indicates the long dura-
tion and variable intensity of the
thermokarst process.

Analysis of the deposits ad-
jacent to the ice-wedge cast
showed a distinct change in the
structure of the till near the cast
walls, where a system of “as-
cending” joints is present
(Fig. 6), revealing the dynamics
of the frost processes. These
processes, of frost heaving, ascension and segregation are re-
flected in the domal shape of the till fragments between the
casts (Fig. 4), and in the vertical orientation of the long axes of
pebbles in the till (Fig. 8). These phenomena are most distinct
in the regions of dense polygonal network within permafrost
at the boundary with the live ice of the wedge (Jahn, 1970,
1977). The preservation of frost structures in the till, contrast-
ing with the overlying structureless layer may allow evalua-
tion of the depth of seasonal thawing. Alternatively, the pres-
ervation of such a pattern may suggest fast fossilization of the

wedges; thus, replacement of ice with deposit took place in the
wedges when the neighbouring till was still frozen.

INFILLS

The infills of the ice-wedge casts are represented mainly by
sand with a small admixture of gravel, as well as thin (2–3 cm),
concave down clay layers. An increased content of pebbles can
be observed in the wider parts of the ice-wedge casts, with their
long axes semi-parallel to the cast walls. Both the macroscopic
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Fig. 4. Fragment C–D of the exposure wall at Wierzchuca Nagórna, with the double termination
of ice-wedge cast no. 34 and the dome-like shape of the till between casts

Fig. 5. 1-m wide ice-wedge cast no. 49 with features of secondary infilling: bent (orsteined) clayey
layers and coarse material



features of the deposits as well
as the results of petrographic
analysis suggest that the main
source of the material infilling
the casts was the surface layer.
The distinct contrast between
the ice-wedge cast and the till
suggests that the till was still
frozen during the filling of the
ice-wedge cast. The concave
structure of the infill suggests
secondary filling of the wedges
and the curvature of the clay
layers indicates rapid melting
(Jahn, 1977).

Forms, in which the lower-
most, sharply ending part is
filled with fine-grained sand
without distinct melt-out struc-
tures are also present (Fig. 6).
Most probably this is a record of
the initial stage of frost fracture
development, with a primary
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Fig. 6. Ice-wedge cast no. 20 showing lower part of the cast
with primary infilling, upper with secondary infilling;

note swelling of till in the upper part of the till

Fig. 7. Ice-wedge cast no. 50, with “thermokarst” pocket within the
sub-till sands and gravels and the boundary of the infill; note

the distinct asymmetry of the upper part of the structure

Fig. 8. Ice-wedge cast no. 27, showing vertical orientation of pebbles in the till and the concentration
of coarse material at the till surface



infill, where later an ice-wedge was
formed. The upper part of these
ice-wedge casts already bears
melt-out structures.

In order to confirm this observa-
tion, analysis of quartz grain round-
ing, carried out for samples col-
lected from three depths was per-
formed for one of the casts (Mar-
kiewicz, 2004). The analysis was
carried out using the Cailleux
method as modified by Mycielska-
Dowgia³³o and Woronko (1998).
The composition of two grain-size
fractions — 0.5–0.8 and 0.8–1.0 mm
— were analysed for about 200
grains from each sample (Table 1).

The quartz grains in all three
samples are very similar to each
other (Table 1). The lower sample clearly suggests the modifi-
cation of quartz grain surfaces in periglacial conditions due to
wind reworking and frost fracturing, as is shown by the larger
content of rounded matt grains (24%), the highest content of
non-reworked grains (16%) and the absence of polished grains.
These features are typical of periglacial structures with a pri-
mary infill and probably indicate a complex development of the
ice-wedge cast (GoŸdzik, 1970, 1982; Jahn, 1977; Murton et
al., 2000). Deposits in the middle part of the infill include a
higher content of transitional polished grains, with matt-sur-
faced corners (64–74%), and a low (but the highest in the pro-
file: 4%), content of rounded polished grains. Angular grains
comprise only 1–3%. This indicates that the climate probably
became relatively milder during infilling of the ice-wedge
(GoŸdzik, 1982). A higher content of angular grains, and a high
content of grains with wind reworking of coarser grains (30%)
in the upper part of the infill, indicates the return of severe
periglacial conditions.

Although preliminary, the quartz grain surface analysis
suggests that the ice-wedge cast development took place in
several stages, supporting conclusions drawn from fieldwork.

THICKNESS OF THE ACTIVE PERMAFROST LAYER

The shape of the ice wedge-cast and the character of the host
sediments can be used to estimate the depth of seasonal thawing.
According to Jahn, (1970) the wider, often asymmetrical, up-
per part of the wedge represents the active layer of permafrost,
the lower, narrow, sharply ending part being formed in the per-
mafrost zone. Multiple freeze-thaw processes in the active layer
have disrupted primary sedimentary structures and resulted in
the formation of frost-sorted ground. We, thus, estimate that the
thickness of the active permafrost layer at Wierzchuca Nagórna
was rather small: about 50–60 cm. The seasonal thawing af-
fected only the surficial layer, which commonly contains a larger
concentration of gravels. This is also reflected in the frost segre-
gation processes. In some places seasonal thawing reached about
70 cm, marked by the location of the bottom of the asymmetrical,

upper part of the wedge casts (Figs. 6 and 7). Additional evi-
dence for the shallow location of permafrost includes: the
well-preserved primary sedimentary structures in the sands and
gravels below the till layer; the planar base of the till, located
about 2 m below the surface; the fracture system in the till adja-
cent to the cast walls (Fig. 6); and the vertical orientation of the
long axes of pebbles in the upper part of the till layer.

Such a thin active layer indicates a severe climate. Based on
the density of relic wedge casts preserved in river sediments
(about 27 per km) Maizels (1986) suggested that during Youn-
ger Dryas times, the temperature in eastern Scotland was com-
parable with that prevailing today in Alaska and Arctic Canada,
where a mean annual temperature of –7oC to –10oC has been
recorded and where the permafrost is over 360 m thick. The
mean wedge spacing at Wierzchuca Nagórna was found to be
10 times greater than that observed by Maizels. Even taking
into account the fact that till is more susceptible to frost pro-
cesses than alluvial sands and gravels, low temperature condi-
tions seem to be the main reason for such a density of
ice-wedge casts on the Drohiczyn Plateau.

AGE OF ICE WEDGES

Most of the buried periglacial structures described from the
Polish Lowlands were formed during the last glaciation. Exam-
ples of older structures are mostly within the loesses of south-
ern Poland (Maruszczak, 1995a, b; 1998). Based on the distri-
bution of periglacial structures, the ranges of permafrost during
several recessive stages of the last ice sheet (Kozarski,
1995a, b) and the permafrost character (GoŸdzik, 1995) have
been reconstructed. According to Kozarski (1995b), in NW Po-
land the expansion of the periglacial area to the N following
deglaciation continued from about 20 to 11.8 ka.

As mentioned above, the tills in which the ice-wedges of
Wierzchuca Nagórna developed are from the Wartanian Glaci-
ation. The overlying sands and gravels have been modified by
frost processes (obliterated sedimentary structures, traces of
segregation) and partly infill the ice-wedge casts. These pro-
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Grains type

Lower part Middle part Upper part

�

0.5–0.8mm
�

0.8–1.0mm
�

0.5–0.8mm
�

0.8–1.0mm
�

0.5–0.8mm
�

0.8–1.0mm

[%]

NU 16 5 3 1 10 4

RM 23 24 16 22 16 30

EL 0 0 1 4 1 1

EM/RM 56 59 74 64 64 60

EM/EL 4 8 5 7 7 3

C 1 4 1 2 2 2

NU — angular grains, RM — rounded frosted grains, EL — polished grains, EM/RM — transitional
frosted grains, EM/EL — transitional polished grains, C — fractured grains

T a b l e 1

Composition of quartz grains types in ice-wedge cast no. 35



cesses must have taken place after deposition: either during the
following recessive stadials of the Wartanian Glaciation; or
during the Vistulian Glaciation.

In order to constrain their stratigraphy, 6 samples collected
from the fine-grained sand infilling ice-wedges nos. 17 and 30
of Figure 3 (2 samples each) and from the overlying sand
(2 samples) in the vicinity of ice-wedges 17 and 30 (Fig. 3)
have been TL-dated. The dating was carried out by J. Kusiak in
the Maria Curie-Sk³odowska University laboratory. Although
the results (Table 2) do not determine the ultimate age of the
sediments (Bluszcz, 2000), they supplied useful data for
palaeogeographic interpretation. The oldest dates were ob-
tained from the overlying sands, and indicated the terminal part
of the Wartanian Glaciation: 141±28 ka (Lub-4278) and
139±32 (Lub-4277). In turn, the dates obtained from the sands
infilling the ice-wedges may be referred to the Vistulian, and,
notably, indicate at least two stages of cooler climatic condi-
tions. Dates of 49±7 ka (Lub-4276), 47±12 ka (Lub-4274) and
43±7 ka (Lub-4275) correlate with a global climatic cooling
documented in North Atlantic sediments and Greenland ice as
Heinrich event H5 (Bond et al., 1992, 1993). By contrast, the
date of 23±4 ka (Lub-4273) indicates the cooling during the
maximum of the last glaciation (Heinrich event H2).

Thus, the geological setting, sedimentary features and TL
dates suggest that the Wierzchuca Nagórna ice-wedge casts
were formed during the Vistulian Glaciation, and their develop-
ment and filling took place in several phases. During cooler cli-
mate periods (ca. 43–49 and 23 ka), “whitening” and partial
eolisation of quartz grains occurring on the surface, and later
filling the ice-wedge casts, took place.

The inverted of the ages in ice-wedge cast no. 30 (Fig. 3)
may indicate deeper ice-wedge formation, and thus more se-
vere climatic conditions, just before the maximum of the
Vistulian Glaciation by comparison with the earlier cool pe-
riod. According to Maruszczak (1995a), during the Vistulian
Glaciation the Podlasie Lowland was located within periglacial
tundra of the sub-Arctic zone, with much more continental fea-
tures of the climate than during the previous glacial cycle. Dur-
ing the maximal stadial of the last glaciation, the permafrost
was continuous in character, and occurred sporadically until
the first part of Younger Dryas time (GoŸdzik, 1995).

SIGNIFICANCE OF THE
WIERZCHUCA NAGÓRNA SITE
FOR THE PALAEOGEOGRAPHY

OF PODLASIE

Palaeogeomorphological implica-
tions linking the ice-wedges at
Wierzchuca Nagórna with the Vistulian
periglacial zone are, however, consider-
able and raise questions as to why no
traces of older, Wartanian, periglacial
processes are preserved. To consider
this problem, at least three alternatives
may be discussed:

— during the Wartanian Glaciation there were no condi-
tions favourable for the development of periglacial structures in
the study area;

— periglacial structures were formed during the Wartanian
Glaciation, but were not preserved;

— periglacial structures from the Vistulian Glaciation were
developed exactly in the places of older structures.

The first alternative requires the assumption that, after the
deposition of the glacial deposits of the Wartanian Glaciation,
permafrost did not develop in the study area. In this case,
deglaciation of the ice sheet was not followed by development
of a periglacial zone and its migration together with the
ice-sheet front. Thus, it would take place according to a differ-
ent scheme (regional stagnation?) than that (frontal type) sug-
gested for the last ice sheet in NW Poland by Kozarski (1995b).
This is not supported by the palaeogeographic maps of the
Podlasie area, on which numerous moraines (Fig. 1) mark the
limits of successive recessive phases of the Wartanian Glaci-
ation (Marks, 2004a, b; Terpi³owski and Dobrowolski, 2004;
Wojtanowicz, 2004). Besides, many Eemian Interglacial sites
in the area indicate that severe, tundra-type climatic conditions
prevailed in the initial stages of the accumulation of lake depos-
its, that is, those potentially favouring the development of
periglacial phenomena (Albrycht et al., 1997). It might be con-
sidered that the destruction of the surface part of the till (plateau
denudation) began in the terminal part of the Wartanian Glaci-
ation, in periglacial conditions.

In turn, the second alternative requires finding the reason for
not preserving the ice-wedges from the Wartanian Glaciation.
One such reason could be extensive denudation of the plateau
surface. The vertical extent of this would reflect reduction of the
lithological column by at least the ice-wedge length, that is, by
more than ca. 1.2 m. This is supported by the flat, peneplained
surface of this part of the Drohiczyn Plateau, the character of the
top of the glacial till observed in the gravel-pit walls, as well as
by its small (reduced) thickness. The sands and gravels occurring
directly at the surface in the study area derive mainly from the
destruction of till. Because the Vistulian ice-wedge casts are so
well preserved, it may thus be concluded that the main part of
plateau denudation took place earlier (terminal part of the
Wartanian Glaciation and Eemian Interglacial?).
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Depth
[m]

Number of
samples

Nr. lab.
Lub-

Annual doze Dr
[Gy/ka]

Absorbed doze ED
[Gy]

TL age
[ka]

1.0 WN 1 4273 1.285±0.15 30±4 23±4

0.6 WN 2 4274 2.135±0.19 101±25 47±12

1.0 WN 3 4275 1.219±0.16 52±6 43±7

0.6 WN 4 4276 1.263±0.14 62±6 49±7

0.3 WN 5 4277 1.720±0.19 239±49 139±32

0.3 WN 6 4278 1.966±0.18 278±48 141±28

T a b l e 2

TL ages of sediments at Wierzchuca Nagórna



The third alternative, involving the inheritance of
periglacial forms, is difficult to discuss at present. It requires
finding evidence that the complex structure of some ice-wedge
casts a results from multiple ages of glaciation.

Among these alternatives, the second one, according to
which periglacial forms from Wierzchuca Nagórna were de-
veloped during the last glaciation on the earlier denuded sur-
face of a plateau from the Wartanian Glaciation, seems to best
fit the observations.

Overall, analysis of the ice-wedge casts at Wierzchuca
Nagórna has illuminated a number of aspects of the changing
palaeogeography of the study area during the Pleistocene.

CONCLUSIONS

A remarkable record of periglacial processes, in the form of
densely spaced ice-wedge casts of different size and shape, re-
flecting a polygonal network on a flat plateau surface, has been
recognized at Wierzchuca Nagórna. Most probably this net-
work developed in several (more than one) phases. Results of
frost processes are also visible in the local accumulation of
coarse sediments in the surficial horizons, thickness changes of
glacial till near the casts and the vertical orientation of pebbles
in the topmost part of the till.

The fill of the ice-wedge casts is typically secondary in ori-
gin; however, the lowermost parts of some structures include

fine-grained sand with evidence of wind reworking.
Fossilization of the ice-wedge casts took place rapidly, albeit in
several places.

The thickness of the active layer of permafrost was
0.5–0.7 cm. The high density of the ice-wedge casts, as well as
the small thickness of the active layer, indicates severe climatic
conditions during their development.

The formation of the ice-wedges should be linked with
the periglacial zone of the Vistulian Glaciation. TL dates
from the sand fills of the ice-wedges can be correlated with
cool phases of the maximal (LGM) and pre-maximal stage of
the last glaciation.

In the interval between the deposition of the Wartanian till
and initiation of ice-wedge development, extensive denudation
of the plateau surface took place, reflected in reduction of the
sediment succession by at least 1.2 m.

The results obtained should encourage further studies of the
Drohiczyn Plateau, to reconstruct the ice-wedge network pat-
tern in detail, to further constrain their age and to analyse the
infilling sediment in more detail.
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