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Abstract
The question of the outflow from the Warsaw ice-dammed lake in Central Poland through the Warsaw-Berlin 
ice-marginal spillway during the Vistulian (Weichselian) Glaciation is discussed. Many years’ research and 
published concepts expressed in numerous publications since the beginning of the 20th century are presented. 
A runoff in the Warsaw-Berlin ice-marginal spillway was treated as impossible during the LGM, because of 
a high watershed zone close to Łęczyca. The floor of this ice-marginal spillway is filled by silt and sand series 
correlated with the Late Vistulian and sand with peat of the Late Vistulian and Holocene. However, a relation 
of the glaciolacustrine sediments and the spillway floor indicates that the latter is masked by deposits that 
postdate the outflow episode. Proglacial and extraglacial waters were collected in the Warsaw ice-dammed 
lake and were drained westwards through the Warsaw-Berlin ice-marginal spillway.
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Introduction

A role of the Warsaw-Berlin ice-marginal spill-
way between the Warsaw Basin and the Koło 
Basin in Central Poland, and its relationship to 
the Warsaw ice-dammed lake, have been dis-
cussed since the beginning of the 20th century  

(Lencewicz, 1922; Samsonowicz, 1922; Jew-
tuchowicz, 1967; Różycki, 1967; Karaszewski, 
1974; Wiśniewski, 2005). Major landforms in 
this area, including a wide floor of the War-
saw Basin, deeply incised by the Vistula River 
to the west of Warsaw, a palaeovalley of the 
Warsaw-Berlin ice-marginal spillway and  
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the moraine plateaux were formed during the 
Warta Stadial of the Odranian (Saalian) Glacia-
tion. The Scandinavian ice sheets advanced into 
this area and blocked the proglacial and extrag-
lacial meltwater outflow. In the proglacial ice-
dammed lake in the Warsaw Basin, varved clay 
and glaciolacustrine silt and sand were depos-
ited (Merta, 1986; Brodzikowski & Van Loon, 
1991; Brodzikowski, 1993). They were examined 
at many sites in the Middle Vistula valley, the 
lower reaches of the Narew, Wkra and Bzura 
River valleys, and correlated with the Odranian 
and Vistulian (Weichselian) glaciations (Merta, 
1978). Filling up the ice-dammed lake and 
its possible draining to the west through the 
Warsaw-Berlin ice-marginal spillway were also 
discussed (Samsonowicz, 1922; Galon, 1972; 
Mojski, 2005; Molewski, 2014).

The aim of the paper is to present a cur-
rent state-of-art of the afore-mentioned 
aspects, confronted with the contemporary 
landscape and geological data, especially 
from the Łęczyca narrowing of the Warsaw-
Berlin ice-marginal spillway. A relatively high 
altitude of the valley bottom in this area 
provided numerous interpretation questions 
and objected the concept of the water runoff 

through the Łęczyca part of the spillway (Len-
cewicz, 1922; Mikołajski, 1927; Wiśniewski, 
1987, 2003, 2005). The contemporary relief 
of the ice-marginal valley bed between Socha-
czew and Łęczyca (Fig. 1) is crucial to solve this 
problem. The former valley bottom is inclined 
eastwards, starting from a  topographic 
watershed at Łęczyca at 101.5-102.0 m a.s.l. 
(Wiśniewski, 2003, 2005; Turkowska, 2006). 
A  bottom of the spillway descends towards 
the Koło Basin, but the spillway itself is filled 
with sediments that postdate the maximum 
extent of the Vistulian Glaciation. Among oth-
ers, Jewtuchowicz (1967, 1970) presented sev-
eral sites along the axis of the ice-marginal 
spillway in the Łęczyca section, where the 
Holocene and the Late Vistulian organic-min-
eral deposits were examined. This clearly indi-
cates that the altitude of the contemporary 
bottom of this part of the Warsaw-Berlin ice-
marginal spillway cannot be treated as a ref-
erence one for the water outflow possibility.

Tectonic activity of the sub-Cenozoic bedrock 
structures, arranged perpendicularly or oblique-
ly to the axis of the valley (Poborski, 1957; Tarka, 
1992; Dadlez et al., 1998), was often raised in 
discussion about the possible impact on the 

Figure 1. Digital Terrain Model of studied part of the Warsaw-Berlin ice-marginal spillway. 1 – map in 
Fig. 4, 2 – geological cross-section (Fig. 3), 3 – profiles in Fig. 2
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water ouflow formation in the ice-marginal 
streamways in the Polish Lowland. This problem 
was discussed by Molewski (2007, 2014) for 
fragments of the Warsaw-Berlin ice-marginal 
spillway, the cases of the Łęczyca reach and the 
Bachorza River valley in the Kujawy Lake Dis-
trict. He suggested a significant uplift of the salt 
structures zones that could disturb the outflow 
from the Warsaw ice-dammed lake.

Study area

The Warsaw-Berlin ice-marginal spillway is an 
outstanding valley in the landscape of the Pol-
ish Lowland. Its section between Sochaczew 
and Łęczyca, located 30-40 km from the mar-
gin of the last ice sheet, is the most significant 
for the outlined problem (Fig. 1). The spillway 
has a varied width, with extensions to 5-7 km, 
separated by narrow (~1,5  km) segments. 
The present spillway bottom descends from 
~101,5 m a.s.l. at the watershed in Łęczyca to 
~70 m a.s.l. in Sochaczew (Figs 1, 2). At mouths 
of the Bzura tributaries, it is 95  m  a.s.l. for 
Ochnia and 84 m a.s.l. for Słudwia.

Ice-dammed sediments and their 
basement

Glaciolacustrine deposits were examined 
at many sites in the Warsaw Basin and are 
arranged in 2-3  sequences (Baraniecka & 
Konecka-Betley, 1987) that suggest a  pos-
sible three-phase development of the ice-
dammed lakes. On the surface or under 
thin covering deposits there are series of 
the glaciolacustrine clay of the Vistulian and 
Odranian glaciations. It makes their chrono-
logical separation in isolated occurrences 
difficult (Merta, 1978) and determination of 
the age of the underlying deposits is crucial 
to solve this problem. Sarnacka (1982) and 
Baraniecka & Konecka-Betley (1987) identi-
fied the Eemian deposits below the varved 
clay at Błonie and Radzymin spillway ter-
races and considered them to have been 
formed during the maximum extent of the 
last ice sheet. The top of the glaciolacustrine 
series is located there at 80-89 m a.s.l. In the 
outcrop at Plecewice near Sochaczew, a top 
of the varved clay (about 10 m thick) occurs 

Figure 2. Longitudinal profiles of studied section of the Warsaw-Berlin of ice-marginal spillway.  
1 – profile of spillway floor, 2 – top of varved clay of the Warsaw ice-dammed lake, 3 – bottom of Late 
Glacial and Holocene mineral-organic deposits, 4 – incision of LGM deposits in spillway axis, 5 – altitude 
of the maximum height of the varved clay top
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at 80 m a.s.l. (Kalińska-Nartiša et al., 2016; 
Zawrzykraj, 2017), but it is an intermediate 
zone of the ice-dammed lake (Merta, 1986), 
correlated with the Poznań Phase of the last 
glaciation. At Marki, in the eastern part of 
the Warsaw Basin, a  top of the varved clay 
in the outer zone of the lake was noted at 
89 m a.s.l. (Dobak et al., 2018). At the edges 
of the Bzura River valley between Walewice 
and Sochaczew and in the lower part of the 
Słudwia River valley at Niedźwiada (Fig.  1), 
there are clay and silt patches, with their 
top at 86-87  m  a.s.l. and their deposition 
was connected with the Vistulian Glacia-
tion (Brzeziński, 1991). Such deposits are not 
found to the west of Walewice, at the bottom 
and the slopes of the Warsaw-Berlin ice-mar-
ginal spillway.

Equally important as the location of the 
varved clay series are the valley dimensions 
before the ice-dammed lake was filled up 
with water (Merta, 1986). Basin parameters 
can be estimated, based on occurrences of 
well-recognized fluvial and biogenic depos-
its. A  location of the Eemian deposits in the 
Warsaw Basin indicates a deeply incised and 
wide river valley during the Eemian Intergla-
cial (Marks & Pochocka, 1999). Interglacial 
formations occur at 65-72 m a.s.l. in Warsaw, 
and at 60 m a.s.l. in Wyszogród. To the west, 
along the axis of the Warsaw-Berlin ice-mar-
ginal spillway, a bedrock of the Weichselian 
deposits gradually rises. Eemian formations 
are rare and occur at ~55  m  a.s.l. in the 
mouth area of the Słudwia River and the Vis-
tulian series are underlain by the post-glacial 
Odranian sediments (Trzmiel, 2012). In the 
mouth of the Ochnia River, the sediments of 
the Vistulian Glaciation occur at 84 m a.s.l. 
(Fig. 2; Trzmiel, 2012).

A  discontinuous layer of varved clay 
series, also occurring as patches, is primar-
ily a  result of subsequent fluvial erosion, 
which began immediately after the ice sheet 
retreat and initiation of the water outflow to 
the west, across the Płock Basin. A  bottom 
of the Late Vistulian and Holocene deposits 
and their distribution indicate the depth of 
incision, and it is particularly important in the 

context of the basin palaeogeography during 
the Last Glacial Maximum (LGM). At present, 
a bottom of the ice-marginal valley between 
Sochaczew and Łęczyca, and further to the 
west, is covered with the Holocene and the 
Late Glacial biogenic and fluvial deposits, but 
their thickness and topography of the bedrock 
are varied. In the valley axis in Łowicz, a river 
incision after the LGM can be estimated to 
72 m a.s.l. (Fig. 2; Brzeziński, 1991), with the 
modern land surface at ~83  m  a.s.l. Jewtu-
chowicz (1967) documented a sandy series up 
to 15 m in the Łęczyca-Topola cross-section 
(Fig. 3). A peat layer at the floor, up to 4 m 
thick, was noted at several sites, both in the 
ice-marginal spillway (Łęka, Zbylczyce) and 
in the mouths of the tributary valleys (Jewtu-
chowicz, 1970). These deposits were pollen-
analysed and assigned to the Late Glacial or 
the Holocene. In the Łęczyca section, a thick-
ness of the peat in the floor of the Warsaw-
Berlin ice-marginal spillway is varied, but the 
examination in the 1950s proved it to be up 
to 5 m thick (Fig. 4; Domosławska-Baraniecka, 
1968). Then, the pre-Holocene valley floor 
was located at ~94  m  a.s.l. in this section 
(Fig.  2). Occurrence of peat in the Łęczyca-
Topola cross-section and radiocarbon dating 
of its bottom sample in the Le-1  profile in 
Łęczyca indicate (11,090±90; GdS4492) that 
the fen started growing at the end of the Late 
Glacial. It is important that sandy formations 
in the same place, with much organic mate-
rial occur to 5.5 m depth, i.e. ~95 m a.s.l. Sedi-
ments of the Bzura alluvial cone in this area, 
covering a floor of the ice-marginal valley, are 
significantly reduced along the Bzura River 
(Forysiak, 2014).

Discussion

Geological and geomorphological research 
of the Bzura valley and its tributary valleys 
in the 1980s and 1990s resulted in question-
ing the proglacial outflow of the meltwaters 
through the Łęczyca section in the ice-mar-
ginal spillway during the Vistulian Glacia-
tion (Wiśniewski, 1987; Andrzejewski, 1991; 
Wiśniewski & Andrzejewski, 1994). Based on 



Figure 3. Geological cross-section of the Warsaw-Berlin ice-marginal spillway (after Jewtuchowicz, 1967), modifed. 1 – pre-Quaternary bedrock, 2 – till of Warta 
Stadial, 3 – till of Odranian Glaciation, 4 – till of Sanian Glaciation, 5 – silt, 6 – clay, 7 – varved clay, 8 – sand, 9 – gravel, 10 – peat, 11 – boreholes, 12 – bottom 
of Vistulian deposits

Figure 4. Peat thicknesses in the Warsaw-Berlin ice-marginal spillway (Bzura-Ner valley section) near Łęczyca (after Domosławska-Baraniecka, 1968). 1 – edges of 
the valley, 2 – range of river sands, 3 – peat isolines (every 1 m), 4 – embankment of road (DK 91), 5 – selected boreholes, confirmed peat thicknesses
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the context of age and occurrence of varved 
clay series in the Warsaw Basin, Wiśniewski 
(2003) stated that the Warsaw-Berlin ice-
marginal valley was inactive in some places 
during the Vistulian Glaciation. These prob-
lems were thoroughly discussed by Molewski 
(2014), who considered if the Warsaw ice-
dammed lake could exist without an outflow. 
He found a  subglacial outflow of proglacial 
waters, suggested by Wiśniewski (2005), 
difficult to accept. The estimation of infill-
ing of the ice-dammed lake, carried out by 
Molewski (2014) showed that proglacial and 
extraglacial waters could fill the basin during 
a  few years, then the outflow from the ice-
dammed lake to the west was critical. There 
are 2 alternate outflow routes, one through 
the Warsaw-Berlin ice-marginal spillway at 
Łęczyca and further west to the Koło Basin 
and Pyzdry Basin or the other through the 
Bachorza Valley, as suggested by Wiśniewski 
(2005) and Molewski (2014). However, the lat-
ter could be possible if the ice sheet did not 
occupy the south-eastern part of the Kujawy 
Lake District (Molewski, 2014). The outflow 
route through the Bachorza Valley, proposed 
by Molewski (2014), could be active only dur-
ing the Leszno Phase, when this area was not 
occupied by the ice sheet. On the other hand, 
it could not be activated during the Poznań 
Phase when this drainage was blocked by 
the ice sheet that occupied the entire Kujawy 
Lake District and the Płock Basin. In the west-
ern part of the Płock Basin, there are the 
Vistulian glaciolacustrine clay and silt series, 
10  m thick (Brzeziński, 2015) and further 
west, already within the morainic plateau, 
they are mantled with a  glacial till. Subse-
quently, these glaciolacustrine deposits were 
covered by the ice sheet during the Poznań 
Phase (Wysota & Molewski, 2011). Remarks 
and observations of Molewski (2014) and 
Brzeziński (2015) confirm that the Warsaw 
ice-dammed lake could exist both during 
the Leszno and the Poznań phases. It is of 
primary significance for considerations over 
the possible outflow from the ice-dammed 
lake through the ice-marginal spillway in the 
Łęczyca section.

Based on research in the Słudwia and 
Przysowa proglacial valleys, tributaries to the 
Warsaw-Berlin ice-marginal spillway east of 
Łęczyca (Andrzejewski, 1991; Wiśniewski & 
Andrzejewski, 1994), both Wiśniewski (2005) 
and Molewski (2014) postulated the altitude 
84  m  a.s.l. as the maximum water level of 
the Warsaw ice-dammed lake. This altitude 
corresponds to the modern bottom of the 
Bzura valley at the mouth of the Słudwia River, 
therefore its relation to the water level in the 
ice-dammed lake seems incorrect, although it 
was repeated in other interpretations. It led to 
a conclusion that considering the bottom level, 
the outflow of the Warsaw ice-dammed lake 
through the Warsaw-Berlin ice-marginal valley 
at Łęczyca could occur at 102 m a.s.l. (Wiśniew-
ski, 2003, 2005; Turkowska, 2006). Such alti-
tudes are actually noted at the topographical 
watershed in Łęczyca. However, a topography 
from about 18-24 ka BP should be taken into 
account in the interpretation. Previously men-
tioned results, considering the floor of the ice-
marginal valley between Łęczyca and Topola 
prove that the Holocene and the Late Vistu-
lian peat and biogenic deposits occur to 5-6 m 
depth. A  top of a  sand series in the valley 
axis, presumably deposited during the water 
flow out of the Warsaw Basin, is located at 
~95 m a.s.l., then the contemporary river bot-
tom was located at least 6 m beneath the one 
postulated by Wiśniewski (2005) and Molew-
ski (2014). Another significant shortcoming of 
the conclusions based on the modern relief 
features is a  reference of the contemporary 
valley floors at mouths of the Słudwia and 
Ochnia valleys to the altitude relations during 
the existence of the Warsaw ice-dammed lake 
Wiśniewski (2005). Brzeziński (1991) assumes 
an incision in the mouth of the Słudwia River 
at least to ~80 m a.s.l. a depth and occurrence 
of a  patch of the Vistulian glaciolacustrine 
clay at 86-87 m a.s.l. (Niedźwiada site). In the 
Ochnia River valley mouth, the LGM deposits 
were eroded to 82 m a.s.l. Therefore, the alti-
tude of the modern valley bottoms does not 
reflect the altitudinal relationships appropri-
ate to the time when the outflow from the ice-
dammed lake occurred.
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The unacceptable water level of the ice-
dammed lake at 102 m a.s.l. was also consid-
ered by Molewski (2014) for his filling-up esti-
mation during the Vistulian Glaciation. Our 
analysis in the watershed zone in Łęczyca 
suggests that the maximum altitude was at 
~95 m a.s.l. Besides, there are no glaciolacus-
trine deposits above the altitude of 90 m a.s.l. 
in the axis of the Warsaw-Berlin ice-marginal 
spillway. Within the Warsaw Basin, there are 
varved clay series up to 102 m a.s.l. (Różycki, 
1967; Sarnacka, 1982), but they are correlat-
ed with the Odranian Glaciation.

In the Warsaw Basin, there is evidence for 
at least three-phase development of the ice-
dammed lakes. Glaciolacustrine deposits on 
the land surface or under thin surficial deposits 
are attributed to the Vistulian and the Odra-
nian glaciations, which makes their age assign-
ment difficult. This is also due to the renewed 
trend to reactivate the north-western outflow 
of the proglacial and extraglacial waters dur-
ing a retreat of the successive ice sheets. Fresh 
glaciolacustrine sediments were eroded and 
redeposited, and the network of the main river 
valleys was reactivated in the middle Vistula 
valley and the Warsaw-Berlin ice-marginal spill-
way, adapted by the lower Bzura River. During 
the Warta Stadial of the Odranian Glaciation, 
the ice sheet occupied the northern hinterland 
of the Warsaw Basin and a part of the War-
saw-Berlin ice-marginal spillway, thus blocking 
the water flow along the Vistula valley. It could 
have been the same ice sheet that formed the 
Kutno Moraines which, in its the western part, 
could block the water outflow from the Koło 
Basin. Then, the ice-dammed lake could occu-
py both the Warsaw Basin, overflowing into the 
Koło Basin, and the Uniejów Basin, where gla-
ciolacustrine deposits from the Warta Stadial 
are well documented (Czarnik, 1972; Petera-
-Zganiacz et al., 2010; Pawłowski et al., 2013). 
The Eemian deposits were found beneath 
a varved clay series at the Błonie and Radzy-
min valley terraces, which were formed during 
the LGM and seem to be of key importance 
for stratigraphy of the varved sequences in the 
Warsaw Basin (Sarnacka, 1982; Baraniecka & 
Konecka-Betley, 1987).

An influence of the contemporary and 
postglacial halotectonic deformations of the 
ice-marginal spillway in Łęczyca, discussed by 
Wiśniewski (2003) and Molewski (2014), may 
have disturbed the original longitudinal pro-
file of the spillway floor, dated at the Poznań 
Phase. The discussed range of influence of ice 
masses on the displacements of salt struc-
tures and their responses can be justified in 
the situation of direct encroachment of the 
ice sheet into the area affected by the halo-
tectonic uplift (Lang et. al., 2014). During the 
Weichselian Glaciation, the area of salt struc-
tures near Łęczyca was approximately 30 km 
apart from the ice front. However, due to vari-
ous controversies on the scale of such chang-
es and their reflection in the contemporary 
topography, this aspect requires a more solid 
evidence. Anyhow, its impact on the relief of 
the floor of the Warsaw-Berlin ice-marginal 
spillway in Łęczyca could be insignificant.

Conclusions

There is no doubt that the Warsaw ice-
dammed lake occurred during the Vistulian 
Glaciation, because a  varved clay series is 
underlain by the Eemian deposits. The water 
body must have been drained permanently, 
because its blocking by the ice sheet lasted 
probably many times longer than a  time, 
needed to fill up the reservoir.

The outflow route through the Bachorza 
River valley, postulated previously, could only 
function intermittently and it was not possible 
during the maximum extent of the ice sheet in 
the Płock Basin. Then, the only runoff was pos-
sible through the Warsaw-Berlin ice-marginal 
spillway. The several years’ discussion, result-
ing in objection to such a  possibility during 
the LGM, was based on a  false assumption 
that the present altitude of the ice-marginal 
spillway floor in Łęczyca represents its loca-
tion during the water outflow from the War-
saw ice-dammed lake. 

Organic-mineral deposits of the Late Gla-
cial and the Holocene are 5-6 m thick. Sandy 
series at the floor of the Warsaw-Berlin 
ice-marginal spillway between Łowicz and 
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Łęczyca and correlated with the Leszno and 
Poznań Phases are 12-15  m thick. Together 
with setting of a top of the varved clay series 
in the Łowicz area, it seems obvious that 
during the LGM, proglacial and extraglacial 
waters were collected in the Warsaw ice-
dammed lake which was drained westwards 
through the Warsaw-Berlin ice-marginal 
spillway.

The presented results were obtained with 
UŁ IDUB (62/2021) project and the support of 
the Polish National Science Centre, contract 
number: DEC-2014/15/B/ST10/03809.

Editors‘ note:
Unless otherwise stated, the sources of tables and 
figures are the author's, on the basis of their own 
research.
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