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AbstrAct. Both rivers presented in the article, the Wierzyca River and the Wda River, fl ow along typical poly-Both rivers presented in the article, the Wierzyca River and the Wda River, flow along typical poly-
genic valleys in young glacial areas. Their valleys include a number of postglacial basins, mainly subglacial 
channels connected by gap sections. The course of fluvial processes in postglacial basins was determined by the 
Late Glacial melting and the development of lakes. In Holocene, on the lacustrine and delta deposits, which were 
filling up the lake basins, wide meander zones with meandering river beds developed. In Late Glacial erosive 
processes dominated at the gap sections, which ended up with the development of slide meanders. Since the 
beginning of Holocene, lateral erosion has been dominant due to stabilization of the river bed. This has lead to 
the widening of the floodplain. Despite this, along the major course of both valleys the width of the floodplains 
is insufficient for free development of river channels. This is the case of constrained meandering. 
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Introduction

Most research on fluvial geomorphology is 
conducted in river valleys located in extragla-
cial areas beyond the extent of the last glaciation. 
These valleys have had a long fluvial history, 
which allowed them to reach the mature stage of 
development. Recent changes of fluvial processes 
in these valleys are the result of natural climatic 

and vegetal fluctuations as well as the increasing 
anthropopression. 

The development of river valleys in young 
glacial areas started already at the retreat of the 
Upper Vistulian ice sheet. There has not been 
enough time for a full development of valley 
landforms and, in most cases, the direction of flu-
vial processes was strongly influenced by mor-
phogenesis of the earlier originated depressions 
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subsequently incorporated by rivers into their 
systems. 

The outstanding scientific interest in the 
young glacial area of Poland was concentrated 
on large streamways and valley forms, mainly 
on the Noteć-Warta Streamway and the seaside 
ones as well as the Lower Vistula River Valley 
and the Lower Oder River Valley. R. Galon (1961, 
1967, 1968, 1972), summarizing his research on 
the morphogenesis of the Lower Vistula Valley 
(Galon 1934) and its tributary valleys (Galon 1953; 
Niewiarowski 1968) as well as the studies carried 
out in the Noteć-Warta Streamway (Kozarski & 
Szupryczyński 1958; Kozarski 1962, 1965), sug-
gested ‘the streamway-gap’ model for the devel-
opment of valley and river systems which was 
closely related to the recession stages of the last 
ice sheet. 

Due to the development of modern research 
techniques, mainly to a wider use of the absolute 
dating, the model described has been signifi-
cantly modified (Drozdowski 1974, 1982; Droz-
dowski & Berglund 1976; Wiśniewski 1976, 1982, 
1985, 1990; Niewiarowski 1987; Andrzejewski 
1994; Starkel 2001). Additionally, more and more 
reports on the existence of landforms related to 
the existence of dead ice blocks in the low val-
ley floor morphological levels in the Lower Vis-
tula River Valley (incl. Skompski 1969; Droz-
dowski 1974; Wiśniewski 1985, 1990; Kordowski 
2004) induce a critical opinion over the model in 
question which stresses to much the role of flu-
vial erosion in origin of the valleys. As a result, a 
number of authors agreed that the main outline 
of the young glacial valley system had existed al-
ready prior the last glaciation (Brykczyński 1986; 
 Koutaniemi & Rachocki 1987; Rachocki 1992; Ra-
chocki &  Koutaniemi 1993).

Geomorphological investigations within 
smaller valley forms began a bit later than in the 
large river ones. However, even the first studies 
revealed their morphological complexity (Mu-
rawski 1963, Basalykas 1968, Sylwestrzak 1973a, 
1978a, b; Piasecki 1982). As the conducted re-
searches show, they are predominantly polyge-
netic forms, which consist of sections with differ-
ent genesis linked to the processes acting while 
the development and retreat of the last ice sheet, 
connected by gap river sections. On the one hand, 
the leading criterion in the typology of such river 

valleys is the genesis of the primary depressions 
(Basalykas 1968; Sylwestrzak 1978b), while, on 
the other hand, it is the level of fluvial transfor-
mation (Falkowski 1971). There have also been 
some attempts to combine valley classifications 
merging both typologies (Andrzejewski 1994).

This paper presents selected issues concern-
ing the development of the Wierzyca River and 
Wda River valleys. The Wierzyca River valley is 
located directly behind the maximum extent of 
the Pomeranian Phase, predominantly within 
morainic plateaus, while the Wda River valley is 
located in front of this maximum stage within the 
East Pomeranian outwash plains. Despite differ-
ences in both the geomorphic settings and their 
relation to the maximum range of the Pommera-
nian phase in East Pomerania, morphogenetically 
the valleys are very similar. The rivers evolving 
in that area included into their systems a number 
of genetically different depressions, mainly vari-
ous systems of subglacial channels. The valley 
sections between them, mainly the gap type, be-
side a narrow floodplain also include a few ero-
sive terraces. 

the Wierzyca River valley 

The Wierzyca River valley is a typical example 
of a polygenetic river valley in the young glacial 
area. It is possible to divide it into three morpho-
genetic sections: the upper section, the lower one 
and the river-mouth section (Błaszkiewicz 1998).

The upper section is composed of subglacial 
channels, glacial depressions and irregular melt-
out hollows, which are connected to each other 
by short overspill channels. The level of fluvial 
transformation of these primary depressions, ini-
tial for the river flow, is insignificant. Generally, 
the fluvial relief at this section is represented only 
by small river bank undercuts as well as scours 
and crevasse in fluvial and limnic accumulation 
forms which are found within the depressions. 
The surfaces of depressions are built of lacus-
trine and peaty sediments with sandy deltaic de-
posits, which are the basis for the development 
of meander belts. Lakes in the individual de-
pressions along the Wierzyca Valley developed 
asynchronically. In most of the depressions lakes 
come into being in Alleröd. In a few cases how-
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ever, an earlier, pre-Alleröd generation of lakes 
was documented. Moreover, there also exists 
some evidence that in some subglacial channels 
lakes originated as late as in pre-Boreal. The main 
reason for this asynchronity was a diversified 
process of dead ice blocks melting blocks which 
preserved the depressions. The other research, 
conducted by the author on the lake depressions 
in Tuchola Pinewood and in Kociewie Lakeland, 
indicates the dependence of the melting process-
es on a number of local factors. One of the main 
ones was the relation between the depressions 
and the developing system of the surface drain-
age (Błaszkiewicz 2005). 

The lower section of the Wierzyca River valley 
is a young erosive landform which was strongly 
overshaped by fluvial processes; only in some 
sections does it use subglacial channels. The Late 
Glacial downcutting of the river channel into the 
morainic and fluvioglacial deposits led to the de-
velopment of the lag, relatively resistant to being 
washed away. This forced the lateral movements 
of the river channel. As a result of simultaneous 
downcutting and lateral erosion, characteristic 
slide meanders developed which include ero-
sive meadow terraces. Consequently, the valley 
became asymmetric. However, the river did not 
manage to develop a floodplain wide enough for 
the development of free meanders. Such a ma-
ture stage of the development has been reached 
only in the river-mouth section of the Wierzyca 
River valley. 

the Wda River valley 

The Wda River valley is an example of a flu-
vial form developed within the outwash plain 
(Okołowicz 1956; Sylwestrzak 1973a, 1978a). In 
the proximal part of the outwash plain there were 
distinguished eight outwash levels, which are 
linked with the retreat stages of the ice sheet from 
the maximum range of the Pomeranian Phase 
(Augustowski & Sylwestrzak 1973; Sylwestrzak 
1973a, b, 1978a; Szupryczyński 1987, 1988). The 
studies conducted at the mouth section of the out-
wash and of the Wda Valley indicate the existence 
of either three (Drozdowski 1967) or two outwash 
levels (Andrzejewski 1994), as well as about fifteen 
fluvial erosive terraces (Andrzejewski 1994). 

The author conducted his geomorphological 
research along the middle section of the Wda 
River valley between the settlements of Wojtal 
and Stara Rzeka. The results indicate the out-
wash areas along the Wda River valley lack dis-
tinctive outwash levels which might have been 
related to the subsequent recession stages of the 
Pomeranian Phase ice sheet. Generally, it is a sin-
gle outwash area of complicated morphology, 
which resulted mainly from the subsequently 
active melting and aeolian processes. At numer-
ous places the outwash surface is a typical pitted 
outwash plain (incl. Wiśniewski & Karczewski 
1978). The main outwash area contacts with the 
outwash branches of the central part in the Vis-
tula Lobe. Regarding morphogenesis only a high 
outwash level near Stara Kiszewa originated, 
due to analysis of its characteristic sedimenta-
tion, on ice contact edge (Błaszkiewicz 1998). It 
seems that the other local morphological levels 
of the outwash are only topographic surfaces in 
accordance to the definitions of Wiliams & Rust 
(1969) as well as Miall (1983). They are related to 
periodic hydrodynamic changes of the meltwater 
accumulating the outwash plain. 

Despite the fact that almost the entire middle 
section of the Wda River valley was incised into 
the outwash plain, regarding its morphogenesis 
it is very similar to the upper section of the Wie-Wie-
rzyca River valley which is located within the 
Vistula Lobe. Along most of the course in this 
section the Wda River uses a diversified system 
of subglacial channels. They are connected by 
erosive river gap sections along which, besides 
relatively narrow floodplain, two or, locally, 
three fluvial-erosive meadow terraces are found. 
It implies that the erosive sections were mainly 
incised into the lowest topographic levels on 
the outwash plain, i.e. into the continuously ac-
tive braided river channels (Miall 1983). Due to 
intensive fluvial erosion their primary morphol-
ogy is almost invisible in the recent relief of the 
Wda River valley. Such a use of braided forms 
by a river crossing the outwash area was already 
described in the lower section of the Wierzyca 
River valley, to the east of Starogard Gdański 
(Błaszkiewicz 1998). Preliminary geomorpholog-
ical observations, carried out by the author, in-
dicate that the River Prusina, the tributary of the 
River Wda, along almost its entire course uses 
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braided forms of the lowest topographic level in 
the Wda’s outwash plain. 

The channel sections used by the Wda River in 
its middle course have been significantly trans-
formed by the fluvial processes. The level of flu-
vial transformation of the channel forms is much 
greater than it is in the case of both the upper sec-
tion of the Wierzyca Valley (Błaszkiewicz 1998) 
and the upper section of the Wda River valley 
down to Lake Wdzydze (Kugler 2000). This is 
mainly caused by a more voluminous discharge 
through the primary depressions. This is not only 
visible in the changes of channels morphology 
but also in more frequent occurrence of alluvial 
deposits than lacustrine ones on the valley floor. 

Fluvial and lacustrine landforms and depos-
its founded in this section of the valley indicate 
a river which joins lakes existing in valley basins 
and, simultaneously, a river which in Late Gla-
cial systematically cuts through the gap sections 
between these depressions. Channel lakes which 
have been included into the Wda River val-
ley mainly started to develop either during the 
Bölling-Alleröd Complex or in pre-Boreal (the 
Borzechów Channel at the contact with the Wda 
River valley). Similarly to the lakes in the Wierzy-
ca River valley, the reasons for diverse timing of 
lake creation is possibly the complexity of melt-
ing out of the buried dead ice blocks which, in 
turn, depended on the local morpho logy and its 
relation to the surface draining. The prolonged 
survival of the dead ice blocks was only possible 
in those sections of the channels which in Late 
Glacial were not thermally influenced by water 
(Błaszkiewicz 2005). In accor dance with the re-
sults of the research, intensive incision in erosive 
sections of the Wda River valley took place dur-
ing the Bölling-Alleröd Complex. The existence 
of a numerous intermediate local erosion bases 
in the medium section of the Wda River valley 
in the form of lakes as well as a similar set of 
terraces between them indicate that the climatic 
and vegetal changes during the Bölling-Alleröd 
Complex were the main reasons for the river’s 
incision. Erosive tendency favoured draining out 
of subglacial channels in many sections of the 
Wda River valley and preserving buried dead ice 
blocks in some areas until pre-Boreal. Systematic 
downcutting of the Wda River in the Late Gla-
cial is mentioned by the authors dealing with the 

geomorphic development in its mouth section 
(Szupryczyński 1987, 1988; Andrzejewski 1994). 
Besides, in this part of the valley, often beneath the 
modern river channel, lacustrine deposits are re-
corded. In the vicinity of Przechowo near Świecie 
the bottom of these deposits has been dated as 
the Atlantic Period (Szupryczyński 1987).

Only in Younger Dryas erosive processes act-
ing at the floor of the Wda River valley stabilized 
and the dominating incision gave way to lateral 
erosion. This was also the time of intensive deltas 
accumulation at places where the river flowed 
into the lakes which developed along its course. 
At the beginning of the pre-Boreal Period the Wda 
River generally reached the level of the modern 
meadow terrace in its gap sections. 

 At the beginning of the Holocene the last 
large changes in the Wda River valley took place, 
including the vicinity of Szlaga where a dry un-
used section of the asymmetric meander valley 
of about 3 km is recorded. Fluvial structures are 
clearly visible within this abandoned valley reach. 
They include an erosive-accumulative meadow 
terrace and an old floodplain with persisted on 
the surface channels filled up with biogenic de-
posits. Palynological analyses and radiocarbon 
data of these deposits, as well as of the lacustrine 
deposits below the fan delta at the mouth of the 
dry valley (a metre of carbonate gyttja below the 
18-metre fan series of the sandy-gravel deposits) 
indicate that this form was active during the en-
tire Late Glacial and was abandoned by the Wda 
River possibly at the turn of Younger Dryas and 
pre-Boreal. The recent river in this area flows 
within the subglacial channel. The change in the 
course of the River Wda was connected with the 
course of the melting processes in the channels, 
which is indicated by the deposits there: pre-Bo-
real basal peat covered with the lacustrine and 
fluvial deposits at the significant depths of up to 
20 m below the modern floodplain.

Development tendencies of the river 
valleys in young glacial areas 

The Late Glacial and Early Holocene evolution 
of the Wierzyca and Wda River valleys indicates 
that the process of the valley development in ar-
eas of the last glaciation was dynamic. Its course 
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was tightly connected with morphogenesis of 
the primary depressions included into the valley 
systems and, predominantly, with the melting 
of the buried dead ice blocks and the develop-
ment of lakes. In terms of their evolution lake de-
pressions and river valleys in the young glacial 
areas make up interconnected hydrological sys-
tems (Koutaniemi & Rachocki 1981; Drwal 1982; 
Niewiarowski 1988; Florek 1989, 1991; Andrze-
jewski 1994; Kalicki & San`ko, 1997; Błaszkiewicz 
1998; Helbig, De Klerk 2002, Kaiser 2001; Bajkie-Bajkie-
wicz–Grabowska 2002; Jaworski 2003; Rother 
2003; Lorenz & Schult 2004). Lakes which devel-
oped in Late Glacial and Early Holocene along the 
course of the rivers determined fluvial processes. 
They obviously influenced the hydrological re-
gime of the rivers, mainly by decreasing the irreg-
ularity of the discharge (Bajkiewicz-Grabowska 
2002). Lakes became local erosion bases in river 
valleys. They also trapped sediments transported 
by the river and in this way intensified erosion in 
the valley gaps. Delta fans entering lakes became 
the basis for the further development of fluvial 
processes. In this way in the inherited sections 
wide meander belts developed, within which riv-
ers had been freely meandering until they were 
regulated. On the one hand, in such situations we 
deal with a young river which uses a depression 
of non-fluvial origin (Falkowski 1971, 1984 – type 
Ib) and, on the other hand, with a mature river 
which freely shapes its bed only in accordance 
with the hydrodynamic conditions (Falkowski 
1971, 1984 – type II). A very interesting example 
of the Late Glacial delta fan which enters bottom 
deposits of a developing lake was recorded at the 
contact of the Wda River with the Wiecz Chan-
nel (Błaszkiewicz 2005). A modern example of a 
Gilbert delta was recognized in the valley of the 
Płociczna River, the tributary of Drawa River, in 
Western Pomerania (Chudzikiewicz et al. 1979).

Analysis of the interrelations between the la-
custrine and fluvial deposits makes it possible to 
date both Late Glacial and Early Holocene devel-
opment tendencies in the erosive sections of the 
river valleys. At that time accumulation domi-
nated in the inherited sections (deltas’ growth, 
the input of the material from the abrasive-ac-
cumulative platforms on the shore and primary 
production in the lakes) and erosion was limited 
to small bank undercuttings and cutting through 

gaps. At the valley gap sections, however, ero-
sive processes, mainly incision, dominated. In 
practice, only Younger Dryas was the period of 
time when the tendency to deepen the river chan-
nels slowed down in favour of lateral erosion. At 
this time the lowest meadow terrace developed 
in the studied valleys, and in the vicinity of Szla-Szla-
ga the Wda River was flowing at the level of the 
floodplain in the dry valley hanging section. The 
turn of the Younger Dryas and Early Holocene 
was the last period of time when large changes 
in evolution of the valleys took place. Simultane-
ously, after a short episode of incision, erosive-
accumulative processes in their floors stabilised 
significantly giving way to lateral migration of 
the river beds widening the floodplain.

During the Later Glacial phase of the river 
downcutting, in the valleys in question single riv-
er channels of low but growing sinuosity existed 
(development of slide meanders) in the Wierzyca 
Valley and, to some point, in the Wda River val-
ley). Constant widening of the floodplain due to 
lateral erosion, which took place in Holocene, led 
to the development of a large number of erosive 
sections of the so-called constrained meander-
ing (Popow 1968). The main factor which would 
limit lateral development of the river along this 
section was narrowness of the floodplain in rela-
tion to the river discharge. 

Models accepted for the period of time in 
question assume that the river channels, affected 
by climatic conditions, turned from the braided 
pattern to the meandering one with a short phase 
of large meanders at the beginning of the Late 
Glacial (incl. Falkowski 1975; Kozarski & Rotnicki 
1978; Szumański 1983; Florek 1991; Rotnicki 1991; 
Starkel 1988, 1991, 2001; Vandenberghe 1993, 
1995; Mol et al. 2000; Gębica 2004). This model 
was predominantly based on the investigations 
carried out in the river valleys located outside 
the maximum range of the Vistulian Glaciation. 
Its modifications take into growing consideration 
the influence of the local relief and lithology on 
the evolution of the river channels and the  timing 
of the threshold situations in the river valleys 
(Vandenberghe 2003). 

Irrespectively of time differences in which in-
dividual valleys reacted to climatic changes, the 
application of the above model for young glacial 
areas is limited. Exceptions include the valley of 
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the Spree River in the vicinity of Unterspreewald, 
i.e. the area which is located directly behind the 
maximum range of the Brandenburg-Leszno 
Phase, where all the above generations of river 
channel patterns were recorded (Błaszkiewicz & 
Juschus 1999). However, the quoted example in 
the described section of the Spree River valley 
developed within the flat outwash plain built of 
monolithic fine-grained sands, where the depth 
of the consecutive scours was maximum 2 m and 
the significant width of the valley floor favoured 
the survival of the individual development phas-
es. To study the development of the river valley 
in areas within the range of the last glaciation it is 
also necessary to consider the deglaciation process 
as well as geomorphic conditions in the analysed 
area, including melting out of the buried dead ice 
blocks and the lakes development (Koutaniemi & 
Rachocki 1981; Florek 1991;  Andrzejewski 1994; 
Błaszkiewicz 1998; Starkel 2001; Rother 2003). 
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