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Abstract. Dunes are generally found in Poland either along the seacoast or inland, mainly in river valleys and on glaciofluvial outwash
fans. The position of the dune fields of the Torun Basin is unique also due to the fact that it is dominated by large dune forms, while
the western part of the European sand belt is dominated by aeolian coversands. Dunes in the Torun Basin are found on all terraces and
make up vast clusters (complexes). W. Mrozek (1958) delimited there six dune fields. The dunes located in the Torun Basin take the
shape of crescent (parabolic) forms, simple ramparts (longitudinal and transversal) and irregular hilly forms. Additionally, there are
numerous vast and plain areas covered with aeolian sand up to 4-5 m deep, which contain scattered irregular low dunes. The dunes
of the Torun Basin are mainly built of fine-grained and medium-grained sands which come from the local substratum of fluvioglacial
and river deposits. The results of the studies on aeolian deposits carried out in the in Europe indicate that the earliest acolian series
(Older Coversand I, van der Hammen 1971) were deposited as early as Late Pleniglacial. In Poland this series has not been recog-
nized, although the river deposits of that age have a larger content of quartz grain abraded in aeolian environment (Kozarski 1990;
Manikowska 1991; Gozdzik 1991). New research claims in the Torun Basin that the dunes formed chifly in the Younger Dryas, but

probably also in the Older Dryas and even in the Preboreal.
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1. Introduction

Aecolian forms are characteristic to lowland Europe (Fig. 1).
They include both accumulative forms, such as dunes and
aeolian cover sands, and erosive forms, such as deflation
depressions and pavements. Dunes developed as a result
of sand being deposited by wind and at the presence of
vegetation in dry climate at the end of Weichselian and in
Holocene. Common inland dune types include alluvial-de-
rived dunes, which are formed of windblown sands of river
or spillway terraces or of deluvial deposits, and fluvial-de-
rived dunes, which developed periodically on floodplains,
deltas and glaciofluvial outwash fans.

Geomorphological research of dunes conducted so far
has aimed at classifying morphogenetic types of dunes, es-

tablishing their age (dune-forming phases) and reconstruct-
ing the wind directions and its velocities. Both morpho-
logic and morphometric classifications of dunes are based
on dune shapes and sizes and their relation to dune-forming
wind directions. The main morphological, structural and
textural features of dunes depend on aerodynamic con-
ditions, including the changes in the wind direction, fre-
quency and velocity. According to numerous authors, apart
from climatic conditions other environmental factors play
an important role, such as relief (for instance the course of
the valley forms), lithology of the area, the depth of the
water table and a type of vegetation (Wojtanowicz 1969,
1970; Borowka 1980). The most common classifications
of inland dunes include simple and complex dunes. Sim-
ple dunes are either rampart dunes (longitudinal, transverse
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Figure 1. Location of the Torun Basin against the extent of the European sand belt (after Zeeberg 1998). 1 — sand belt 2, — saalian

max ice marigin, 3 — weichselian max ice marigin, 4 — ice marigin in Younger Dryas, 5 — sub-stage ice extent, 6 — main

rivers

and oblique) or bent dunes (crescent, shield, parabolic and
barchan-like). Complex dunes, which originate through
a merge (fusion) of other forms, take similar shapes or
form complicated star or rampart-trellis forms (Wojtano-
wicz 1969).

In Poland dunes are generally found either along the
seacoast or inland, mainly in river valleys and on glacioflu-
vial outwash fans. The largest dune complexes include the
Warta-Note¢ Inter-river, the Torun Basin, the Kampinos
Primeval Forest and the Kurpie Primeval Forest. One of
the main conditions for dune formation in dry climate is
the presence of loose sand covers. Thus, in the Torun Ba-
sin dunes are found on all terraces. Locally, they are also
found on the adjacent morainic plateaus (Fig. 2). Dunes
of the Torun Basin make up vast clusters (complexes).
W. Mrozek (1958) delimited there six dune fields. These
are the following fields: the Bydgoszcz Dune Field be-
tween Lake Jezuickie, the valley of the Old Note¢ and
the city of Bydgoszcz; the Labiszyn Dune Field between
Brzoza, Labiszyn and Smolniki; the Solec-Chro$na Dune
Fidel between Solec Kujawski, Osiek Wielki, Nowa Wie§
Wielka and Lake Jezuickie; the Torun-Aleksandrow-
Gniewkowo Dune Field; the dune field between the Mien
and the Drweca rivers; and the dune field between the
Drweca River and the Vistula gap at Fordon. The aeolian
forms at the two latter locations, however, are often scat-
tered over large areas.

2. Review of the dune studies
of the Torun Basin

First geomorphological research of the dune forms locat-
ed in the Torun Basin was conducted at the beginning of
the 20th century by S. Lencewicz (1922). He pointed at
the relatively large area taken by this field in relation to
the total area of Poland. Moreover, S. Lencewicz argued
this dune field developed due to favourable geological and
geomorphological conditions, and recorded the dominant
type of dunes as being parabolic and the dominant wind
direction responsible for their creation as being western.
Similar views were represented by R. Galon (1958) and
W. Mrozek (1958). Beside delimiting the above mentioned
six dune fields in his vast morphometric and geomorpho-
logical analysis of the dunes in the Torun Basin, W. Mrozek
gave a general characteristics of the geological structure of
these dunes and described the dune-forming processes in
relation to both geological and relief conditions. He de-
scribed complex ellipsoidal dune forms, as well as tried
to reconstruct the wind directions and to delimit the dune-
forming phases.

The issues of the development of dunes in the Torun
Basin were also tackled in numerous papers on develop-
ment of aeolian forms in Poland (Galon 1958; Krygowski
1961; Nowaczyk 1986). Dunes were the study issue when
the relief of the Torun surroundings or of the Lower Vistula
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Figure 2. Dunes and dune fields in the Torun Basin (after Weckwerth 2004). 1 — moraine plateau, 2 — outwash, 3 — kettles, 4 — ter-
race X, 5 — spillway (pradolina) terraces, 6 — terraces of Vistula, Brada and Drweca rivers, 7 — terraces of another rivers,
8 — slopes and denudative forms, 9 — alluvial fans, 10 — dunes, 11 — flood plains, 12 — rivers and lakes, 13 — extent of the
dune filds, 14 — numbering of dune filds (after Mrozek 1958)

Valley and its tributaries was analysed (Niewiarowski &
Tomczak 1969; Andrzejewski 1985, 1994; Niewiarowski
& Weckwerth 2006). Besides, the selected dune forms of
the Torun Basin were studied in detail in terms of their
geological structure and the reconstruction of aeolian proc-
esses (Okotowicz 1949, 1952; Churska 1969; Oczkowski
et al. 2000; Jankowski & Weckwerth 2000). One of the
more important directions in aeolian studies refers to pal-
acopedological research, which enabled the scientists to
delimit the dune-forming phases and periods in the Torun
Basin (Jankowski 2000, 2003, 2007).

3. General characteristics of the dunes
of the Torun Basin

The dunes located in the Torun Basin take the shape of
crescent (parabolic) forms, simple ramparts (longitudinal
and transversal) and irregular hilly forms. Additionally,
there are numerous vast and plain areas covered with aco-
lian sand up to 4-5 m deep, which contain scattered irregu-
lar low dunes. According to W. Mrozek (1958), the dunes
of up to 3-9 m make up 31% of the entire area of the Torun
Basin, those 10-25 m high make up 65%, while those over
25 m take up 3% of this area. The highest dune of 44.7 m
(115.9 m above sea level) is located in the Solec-Chro$no
Dune Field (Fig. 2). In accordance with A. Zatluska (2008),
out of 335 dunes she studied in the Torun Basin about
38% is classified as longitudinal dunes, 28% as parabol-
ic dunes, 22% as irregular dunes and 12% as transversal

dunes. Domination of longitudinal dunes may be the out-
come of transformation of parabolic dunes. Nearly half of
all the dunes located in the Torun Basin are relatively small
forms of up to 300 m in length (Zatuska 2008).

Parabolic dunes in the Torun Basin are mainly U-shaped
and V-shaped. They have prolonged arms up to 20-30 m in
height and 100-400 m in width. Their height increases to-
wards the front of the dune. The arms of the crescent forms
in the Torun Basin are open towards the west, and the gra-
dients of their windward slopes (3°-20°) are lower than the
gradients of their leeward slopes (5°-32°). Irregularity of
such forms is visible in the asymmetric development of the
arms’ length and their deflection. Moreover, in many plac-
es the arms of parabolic dunes join together to form elon-
gated ramparts. It has been accepted that parabolic dunes
form on the areas covered with scarce bushy vegetation
and under the condition of ample input of sand material,
and that their shape indicates the wind direction at the fi-
nal period of the dune-forming process. In the Torun Basin
these were generally the winds from the western directions
(Mrozek 1958). A common phenomenon connected with
parabolic dunes in the Torun Basin is the fact hat their arms
join to form the ‘cobra’ type (Wojtanowicz 1969) or com-
plex forms of joined parabolic dunes connected together in
groups if elliptic shape (Mrozek 1958).

Longitudinal dunes of the Torun Basin are dominat-
ed by forms lower than the parabolic ones (a few metres
high), although they can reach a few kilometres in length.
Slopes of the longitudinal dunes are mainly symmetric, and
their course might have been forced by the course of mor-
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Figure 3. Relief of the central-eastern part of the Torun Basin in the surrounding of the dune Zadroze (after Weckwerth 2004). 1-5 —
Torun-Eberswalde Pradolina terraces, 6—8 — Vistula river terraces (terraces numbering after Galon 1953, 1968), 9 — valley
floor, 10 — peat, 11 — dunes, 12 — slopes, 13 — rivers and lakes, 14 — main roads (a) and railways (b)

phological edges of terraces and morainic plateaus or the
existence of elongated waterlogged depressions. Rampart
forms of uneven crest line are mainly found on lower ter-
races. Apart from the mentioned morphological conditions,
the formation of longitudinal dunes might have resulted
from breaking and destroying the fronts of parabolic dunes.
In such a case the sides of rampart dunes show asymmetry.
Morphology of the dune in Zadroze indicates it is a ram-
part form of relatively small size (Okotowicz 1949). The
fact it has asymmetrical slopes proves it developed from
a parabolic dune located on the Vistula’s terrace V (Fig. 3).

Another type of dunes fund in the Toruf Basin is trans-
versal ramparts. These forms developed from transformed
parabolic dunes the arms of which moved faster. Such con-
ditions were found in the areas of vast and thick sand se-
ries of uniform grain composition, relatively shallow water
table and favourable phytosociological features (Mrozek
1958; Wojtanowicz 1969). Transversal dunes show signifi-
cant asymmetry of their slopes.

Irregular dunes are generally smaller. They take the
shape of knolls or short ramparts scattered chaotically over
the area. Some of them developed due to regular forms
being blown away. These forms are often accompanied by
aeolian covers.

In accordance with the studies of W. Mrézek (1958),
the sizes of the dune complexes of the Torun Basin increase
eastwards. Similarly, the heights of the individual forms
also grow eastwardly. All this is due to the fact that the dune
complexes join each other. Four dune fields from among
those mentioned by W. Mrézek are located on the left-bank
side of the basin. Here the dunes are mainly located on the
spillway (pradolina) terraces (XI-VI) and on the terrace V.
However, the best developed dunes are found on the terrace
IX and on the transitional terrace. The geological structure
of these terraces is dominated by sands which show the ten-
dency to get finer towards the surface (Weckwerth 2004,
2005a, b). This favours dune-forming processes. In the two
other dune fields located on the right-bank side of the basin,
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the dunes do not form compact complexes. The only excep-
tion is the field in the vicinity of Ostromecko to the east of
Bydgoszcz. Longitudinal dunes dominate on the low-lying
terraces of the Vistula (50% of all the forms), while trans-
versal dunes are rare there. On the other hand, the latter
are common on the higher terraces, mainly IX and X (40%
and 27% respectively), as well as in the near-edge zone of
the morainic plateaus (Zatuska 2008). Parabolic dunes have
developed on all terraces of the Torun Basin, although over
half of them are found between the terrace IX and the sur-
rounding morainic plateaus (Zatuska 2008).

The dunes of the Torun Basin are mainly built of fine-
grained and medium-grained sands which come from the
local substratum of fluvioglacial and river deposits. Sands
of grain size lower than 0.25 mm make up 53.9% of all de-
posits, those of grain size of 0.25-0.5 mm — 42.3%, while
those of grain size over 0.5 mm make up only 3.8%. The
dune in Zadroze is built in about 47% of sand of the grain
size 0.34-0.51 mm, in 25% of sand of grain size 0.25-
0.34 mm, while in about 18% of sands of the grain size
lower than 0.25 mm.

4. Dunes of the Torun Basin against aeolian
processes in Europe

Dunes located in Poland are the central part of the Euro-
pean sand belt, which stretches from Great Britain to the
east border of Poland (Zeeberg 1998), or even to the basin
of the Pechora River (Mangerud et al. 1999). To the east of
the Polish borders the sand belt gets divided into two zones.
The southern one stretches across Belarus and Ukraine,
while the northern one stretches in the north-east direction
(Fig. 1). Generally it is accepted that the northern border of
the latter zone goes along the maximum range of the Late
Weichselian Glaciation, even though the Torun Basin and
the Warta-Note¢ Inter-river lie to the north of it in one of
the largest European ice-marginal spillways called Torun-
Eberswalde Pradolina. Moreover, the position of the dune
fields of the Torun Basin is unique also due to the fact that it
is dominated by large dune forms, while the western part of
the European sand belt is dominated by aeolian coversands.
It is the result of the increasing dryness and continental-
ity of the climate towards east as well as of the fact that
air circulation during the dune-forming processes differed
from what Western Europe experienced (Majdanowski
1958; Bose 1991; Koster 2005). Another unique feature of
the dunes of the Torun Basin is the fact that they are clus-
ters which form large compact complexes of ellipsoidal
shape and which include diverse morphological types of
dunes (longitudinal, transversal and parabolic). Addition-
ally, dunes from and at different dune-forming phases co-
exist in the Torun Basin on both the outwash and the Vis-
tula terraces as well as on the higher levels of the Vistula

floodplain (for instance in the Unistaw Basin, Niewiarows-
ki 1987). Most of these forms have been fixed by vegeta-
tion, although there are the areas of aeolian sands being
contemporarily blown, such as the Torun’s military ground.

The results of the studies on aeolian deposits (cover-
sands and dune sands) carried out in the Netherlands and
Germany indicate that the earliest aeolian series (Older
Coversand I, van der Hammen 1971) were deposited as
early as Late Pleniglacial, i.e. 25—14 thousand years ago
(Kasse 1999). These deposits represent the fluvio-acolian
sedimentation characteristic for the environment of active
braided rivers in arctic conditions (Good & Bryant 1985),
the age of which in Germany was established to be 18-20 ka
(Kasse 1999). In Poland this series has not been recognized,
although the river deposits of that age have a larger content
of quartz grain abraded in acolian environment (Kozarski
1990; Manikowska 1991; Gozdzik 1991). In terms of the
Torun Basin sandy series of the outwash levels were de-
posited before the Pomeranian Phase (Weckwerth 2004,
2005a, b). This, together with the fact that acolian proc-
esses were probably intensified at that time, might have re-
sulted with a larger load of aeolian sand in the then rivers.

The next dune-forming phase in Europe (Older Cover-
sand II, van der Hammen 1971) was the Late Pleniglacial
and Early Late Glacial — Oldest Dryas (ca 14-12.5 ka). It
is know from a few sites in Poland (Nowaczyk 1986), al-
though not located in the Torun Basin. The fact that there
were a few dune-forming phases in Older and Younger Dr-
yas has been proved by the results of the geological, pal-
acopedological and palynological researches carried out in
the Torun Basin. The main dune-forming phase was clas-
sified as the Younger Dryas (10.9-10.25 ka) on the basis
of the studies of the Allerdd fossil soil in Czernikowo-
Witowaz (Churska 1969). However, B. Nowaczyk (1986)
insists the main dune-forming phase was Older Dryas,
which has been proved on the basis of the age of dunes in
the surroundings of Lake Jezuickie. Besides, Allerdd origin
of the fossil soil was concluded on the basis of the sites
Katarzynka and Rudak in Torun (Jankowski 2000, 2003;
Jankowski & Weckwerth 2000). It is found on aeolian cov-
ersands from the Older Dryas. So far, no older fossil soil
from Bolling has been fund in the Torun Basin. This does
not mean, however, there were no earlier dune-forming
phases here, as no chronostratigraphic studies have been
carried out in the compound dune complexes. The main
dune-forming phase in the Torun Basin, which lasted dur-
ing the Younger Dryas and the beginning of the Pre-boreal,
has been supported by the TL datings of the deposits from
the Torun Hill located on the edge of the Kuiavian Plateau
(Oczkowski et al. 2000). An important finding is estab-
lishing the leading northern sector as the one from which
the wind blew during the dune-forming process. Moreover,
dunes formed in the Younger Dryas are poorly developed
(5-8 m high) and are located on lower levels (terrace II of
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the Vistula, Niewiarowski & Noryskiewicz 1983). Accord-
ing to M. Jankowski (2003), there is another climatically
separate dune-forming phase of the Pre-boreal period. This
idea has been concluded on the basis of numerous men-
tions of a short-time cooling phase in Pre-boreal found in
German and Dutch research. As M. Jankowski suggests,
during the Boreal and Atlantic periods the dunes stabilized.
During the sub-Boreal and sub-Atlantic periods, however,
a new stage of the dune-forming processes took place due
to local human activity.
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