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Record of glacial outburst floods in marginal zones and forelands
of Scandinavian glaciations in Poland

Zapis powodzi glacjalnych w strefach brzeznych i na przedpolach
lgdolodow skandynawskich w Polsce

Abstract In international literature, much attention has been paid to sedimentological and geomorphological evidence of extreme floods
in the forelands of both contemporary and Pleistocene glaciers and ice sheets. Reports on this subject come from areas and
periods of different glaciations. In Poland such events have been documented in more than ten works. This situation prompts
us to establish whether or not the occurrence of such extreme events was more frequent and widespread in the area of Poland
than it has been believed to date.

The article reviews the existing research concerning within the extent of Pleistocene glaciations in Poland, which include the
occurrence of high energy glacial outburst floods in the interpretation of sediments or landforms. Its objective is to determine
the current state of knowledge and to indicate the direction of further research. The review also includes a study of
palaeogeographic conditions of the previously documented jokulhlaup in Siedlatkéw, on the border of the task Heights.

The analysis of works and the conducted comparisons lead to the conclusion that the state of knowledge about great glacial
floods in the Polish Lowland is not satisfactory. It indicates the need to undertake intense studies on the record of such events and
their reconstruction as their morphogenetic role e.g. in the formation of ice-marginal valleys and other elements of glacigenic
landscape is underrated.

Keywords Glacial outburst flood, jokulhlaups, high energy flow, marginal zone, subglacial flow, Scandinavian glaciations, ice-marginal valleys.

Zarys tresci W literaturze Swiatowej poswiecono wiele uwagi ewidencji sedymentologicznej i morfologicznej ekstremalnych zdarzenn powo-
dziowych zaréwno na przedpolu lodowcdw i ladolodéw wspédtczesnych, jak i plejstoceriskich. Doniesienia na ten temat pochodzg
z obszaréw i okreséw réznych zlodowacen. W Polsce takie zdarzenia zostaty udokumentowane w kilkunastu pracach. Sytuacja ta
sktania do ustalenia, czy na obszarze Polski miata miejsce wieksza czestotliwos¢ i powszechno$¢ wystepowania tych zdarzen eks-
tremalnych niz do tej pory sgdzono.

W artykule dokonano przeglagdu dotychczasowych badan w zasiegu lgdolodéw plejstoceriskich w Polsce, ktére uwzgledniaja
wystepowanie wysokoenergetycznych powodzi glacjalnych w interpretacji osadéw lub form rzezby. Jego celem jest okreslenie
obecnego stanu wiedzy i wskazanie kierunkéw dalszych badan. Przeglad ten uzupetniono o studium warunkéw paleogeograficz-
nych udokumentowanego wczesniej sedymentologicznie jokulhlaupu w Siedlagtkowie na krawedzi Wysoczyzny taskiej.

Dokonana analiza prac i przeprowadzone zestawienia prowadzg do wniosku, Ze stan wiedzy na temat wielkich powodzi glacjal-
nych na Nizu Polskim nie jest zadowalajgcy. Wskazuje to na potrzebe podjecia intensywnych badan nad zapisem tego typu zdarzen
i ich rekonstrukcja, poniewaz ich rola morfogenetyczna, np. w ksztattowaniu pradolin i innych elementéw krajobrazu glacigenicz-
nego jest niedoceniona.

Stowa kluczowe Powddz glacjalna, jokulhlaupy, przeptyw wysokoenergetyczny, przeptyw subglacjalny, strefa marginalna, zlodowacenia skandynaw-
skie, pradoliny.

1. Introduction

Sedimentological, geomorphological and palaeogeograp-
hic research, as well as direct observations of hydrologic
eventsoccurringin areas covered by glaciers and ice sheets
and in theirimmediate forelands point to the greatimport-
ance of extreme flooding processes.

It has been proven many times that the intensity of
glaciofluvial flooding (catastrophic floods, flash floods)
often exceeds the intensity of the greatest fluvial
floods, conditioned by rapid precipitation or thaws. Vari-
ous terms are used to refer to them, including the Polish:
powddZ lodowcowa; English: glacier outburst flood, glacier

lake outburst flood (GLOF), megafloods, surging flow,
catastrophic meltwater flood, catastrophic ablation flood,
extreme glacial floods; German: Gletscherseeausbriiche
and Gletscherlauf; French: débdcle, Spanish: inundacion
por desborde violento de lago glaciar, and Icelandic:
jékulhlaup.

The term jokulhlaup was selected in Iceland as the
word to describe a rapid and brief flood which occurs
in marginal zones of glaciers and in their forelands. This
word comes from the Icelandic jékull (glacier) and hlaup
(run, running). During such an event, the majority of water
is released through subglacial tunnels. Also in this work,
the term jokulhlaup refers to a flood in the proglacial area
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of an ice sheet lobe, outlet glacier or mountain glacier,
initiated by a rapid release of glacial water running mainly
in subglacial systems. However, it must be noted that the
term jokulhlaup used in this article was formerly used as
a regional name, restricted to Iceland. But with time, due
to the fact that it unambiguously identifies the event of
rapid and brief glacial flood, it has become more and more
frequently used to refer to similar extreme events also in
other areas (e.g.: Nye 1976; Maizels 1997; Tweed and
Russell 1999; Carrivick 2011). Contemporary jokulhlaups
in the area of Iceland are considered to be the most well-
-documented events of this kind (Bjornsson 1992; Gud-
mundsson et al. 1995; Russell and Marren 1999; Tweed
and Russell 1999). The difference between them and
other floods is the frequently occurring dependency on
volcanic phenomena (the so-called volcanogenic floods)
(Pagneux et al. 2010).

Sometimes jokulhlaup is also used to refer to a large-
-scale flood occurring as a result of releasing a large ice-
-dammed lake, after the natural dam is broken (e.g. Mis-
soula Lake in North America) (Waitt 1998). However, such
phenomena last longer (months or even years) and have
broader extent than jokulhlaups of Icelandic type. In such
cases, it is more reasonable to use one of the following
terms: megaflood, glacial megaflood or glacier lake out-
burst flood.

Records of glacial outburst floods in the foreland of
many contemporary glaciers and Pleistocene ice sheets
are documented on different continents. Literature re-
lated to Scandinavian glaciations in the Polish lands is
short of sufficient synthetic studies on this subject, and
it often contains only scattered information on the occur-
rence of floods, included merely as an addition to other
research objectives. Additionally, the experience gained
by the authors from research conducted in central Poland
(Frydrych and Rdzany 2018) encourages them to perform
a review of research conducted in the marginal zones and
forelands of the consecutive Pleistocene glaciations in
Poland, for which these zones are preserved either in the
landscape or only in the geologic record.

The aim of this article is to compare information on
the possible occurrences of such events in Poland and to
determine whether they can be assumed to have occur-
red commonly and frequently in the Pleistocene.

2. Traces of glacial outburst floods in the old glacial zone

In the area of superficial occurrence of sediments and
forms of the Sanian (Elsterian) glaciations (Fig. 1), no
traces of extreme flooding have been documented so far.
Glaciofluvial sediments are fragmentarily preserved there
in river valleys, less frequently on plateaus or upland hills
and itis probably because of this that they are more poorly
recognised in comparison with more recent glaciations.
Ice sheet of the Sanian glaciation with the largest extent
(San 2 according to Mojski 2005) reached the slopes of
both the Sudetes and the Carpathians, leaving behind
proglacial sediments. In large valleys (the rivers of Duna-
jec, Wistok and Wistoka) vast dammed reservoirs origin-
ated, where lacustrine sediments of significant thickness
were deposited (Mojski 2005). Similar events also took

place in uplands. Although some sediments in the foreland
of the mountains and in the uplands were thoroughly
studied (e.g. Zielinski 1992; Salamon and Wojcik 2010),
there are no known accounts of rapid releases of these
reservoirs or other great flooding events apart from
periodical shallow flooding of alluvial fans.

As regards the extent of the Odranian ice sheet (Early
Saalian glaciation), exceptional studies include the work
by Salamon (2009), which includes a documentation
of the filling of a subglacial tunnel, which indicates the
possibility of numerous occurrences of jokulhlaup type of
floods. Flood sediments were documented at the Gogolin
site (the western part of the Middle Triassic Ridge) (Fig. 1).
Such events occurred as a result of rapid releases of water
collected in subglacial reservoirs.

As regards the area covered by the Wartanian gla-
ciation there are only mentions or brief, preliminary
accounts of the occurrence of releases of kame sedimen-
tation glaciolimnic reservoirs of different sizes in the Raw-
ka river basin (Klajnert and Rdzany 1987; Rdzany 1997a,
1997b, 2006, 2008). Although these works do not use the
term glacier lake outburst flood (GLOF), it was indeed an
event of this kind. Evidence was presented for the form-
ation of erosional channels and their filling, which dis-
sect the sandy-silty glaciolimnic formations as a result of
reservoir releases. Erosional structures of the channels
and the planes of erosional terraces were formed after
the release of large (in excess of 10 square kilometres)
glaciolimnic reservoirs, which were probably interconnec-
ted. These lakes operated in the marginal zone of the de-
caying ice sheet, restricted by the disintegrated cover of
dead ice (areal deglaciation). They were filled with alluvial
fans and deltas, as well as sedimentation from suspended
matter and currents. After becoming filled with sediments,
mainly sands and silts of up to 30—40 m in thickness, they
became released. For this reason, some kames reveal
two-part structure in their sediment profiles: the lower
part (usually thicker) is glaciolimnic, and the upper part
(usually thinner — several metres) — glaciofluvial or glacio-
fluvial-ablative. In many places, mass releases occurred,
landslides or rockfalls resulting from the withdrawal of ice
support (melting of dead ice blocks). An important effect
of the occurrence of the aforementioned water flows and
mass movements was the cutting of erosional terraces in
kame slopes and structures of gravitational deformation,
which were described in the Rawka river basin. The occur-
rence of erosional terraces at different levels — between
8 and about 25 m above the contemporary bottom of the
Rawka valley — indicates that releasing the reservoirs was
a fairly long-lasting process, with numerous local changes
of erosional bases, multiple blocking and unblocking of
water (Klajnert and Rdzany 1987; Rdzany 1997a).

Within the extent of the Wartanian ice sheet (Late
Saalian), sediments characteristic of extreme glaciofluvial
flows in subglacial tunnels were also documented: Jaksa
and Rdzany (2002) in the Rylsk Ridge (Rawa Heights) and
Fard and Gruszka (2007) on the basis of investigating
the esker in Uniszki near Mtawa (north-central Poland)
(Fig. 1). Zielinski (2014) also mentions jokulhlaup sedi-
ments in this area. These sediments occur in the form of
thick matrix-supported bouldery-gravelly bars.
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Fig. 1. Occurrence of traces of glacial floods in Poland against the background of selected glaciation extents (extents according to Mojski 2005,
slightly modified)

1 - Gogolin (Salamon 2009); 2 — kame fields of the Rawka river basin (e.g. Rdzany 1997a); 3 — Rylsk esker (Jaksa and Rdzany 2002); 4 — Uniszki near
Mtawa (Fard and Gruszka 2007; Zieliriski 2014); 5 — Zygry (Jaksa 2006), 6 — Leonarddw (Jaksa 2006); 7 — Siedlgtkdow (Frydrych and Rdzany 2018);
8 — Rzymsko (Frydrych 2016); 9 — tuniew near Siedlce (Godlewska 2014); 10 — Gostynin (Roman 2016); 11 — Grajewo (Zieliriski 1993 ); 12 — Szczecinek
Lakeland (Zieliriski 2014); 13 — Kluczkowo near Swidwin (Gruszka et al. 2011); 14 — Canyons in end moraines of the Pomeranian Phase of the Vistulian
glaciation (Szafraniec 2008, 2010a, 2010b); 15 — Suwatki Lakeland (Wysota et al. 2018)

Ryc. 1. Wystepowanie $ladow powodzi glacjalnych w Polsce na tle wybranych zasiegdw zlodowacen (zasiegi wedtug Mojskiego 2005, nieco zmienione)
1 - Gogolin (Salamon 2009); 2 — pole kemowe w zlewni Rawki (e.g. Rdzany 1997a); 3 — oz Rylska (Jaksa i Rdzany 2002); 4 — Uniszki koto Mtawy (Fard
i Gruszka 2007; Zielinski 2014); 5 — Zygry (Jaksa 2006), 6 — Leonardéw (Jaksa 2006); 7 — Siedlatkéw (Frydrych i Rdzany 2018); 8 — Rzymsko (Frydrych
2016); 9 — tuniew koto Siedlec (Godlewska 2014); 10 — Gostynin (Roman 2016); 11 — Grajewo (Zielinski 1993); 12 — Pojezierze Szczecineckie (Zielinski
2014); 13 - Kluczkowo koto Swidwina (Gruszka i in. 2011); 14 — przetomy w morenach czotowych fazy pomorskiej vistulianu (Szafraniec 2008, 2010a,

2010b); 15 — Pojezierze Suwalskie (Wysota i in. 2018)

Glaciofluvial sedimentation with rapid floods in prox-
imal channels of braided rivers and on alluvial fans was
described by Jaksa (2006) on the basis of several sites in
central Poland, mainly in the task Heights. Documented
profiles (e.g. Zygry, Leonarddw) usually contain lithofacies
sequences which provide evidence for the cyclical nature
of the rapid floods in the marginal zone.They often occur
in the form of gravelly bed covers or gravelly-sandy lon-
gitudinal outwashes.

On the basis of the characteristics of the bouldery-
-gravelly formations found in the outcrops of the cliff in
Siedlgtkdéw on the Jeziorsko Reservoir, Rdzany (2009) and
Frydrych (2014) presented a view on the possibility of
a jokulhlaup occurrence there. They suggested that ex-
treme flood flows could occur there as a result of un-
blocking of water during a glacial surge of the lobe de-
veloped in the middle Warta river basin.

Later studies by Frydrych (2016a, 2016b) into the
structure of the esker near Rzymsko in the Turek Heights,
several kilometres away from the sites in Siedlgtkdw,
provided evidence of the presence of lithofacies se-
quences which could be interpreted as a record of high-
-energy flows or even catastrophic subglacial floods, sim-
ilar to jokulhlaup. This inspired further research in that
area. It was conducted in the years 2016-2018, and con-
centrated on the record of extreme processes at four sites
located in outcrops of the cliff on the Jeziorsko Reservoir
in Siedlatkdéw. It documented sedimentological record
of the jokulhlaup which occurred there, in the form of
erosional channels filled with bouldery-gravelly sed-
iments, which resembles rapid floods in the marginal
zones of Icelandic glaciers (Frydrych and Rdzany 2018).
The thickness of the deepest channel reaches the max-
imum of about 10 metres. The jokulhlaup event took
place during the recession of the Wartanian glaciation
from the area of central Poland in the part of the glacial
lobe which filled the Koto Basin, which is pre-Saalian.
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The occurrence of jokulhlaup resulted in forming
erosional channels and filling them with glaciofluvial
sediments. Their characteristic features are: erosional
and deformational contact with substratum sediments,
a high content of very coarse gravels and boulders, poorly
sorted, dominance of massive structures, normal and
inverse grading, and the presence of rip-up clasts. The
main way of sediment transport was hyperconcentrated
flow, with a lesser importance of debris flow and normal
stream flow. Sudden water discharges may have been
facilitated by fast movement of ice masses with features
of a surge, related to the local post-maximal phase of
Wartanian ice sheet activation. Palaeohydraulic analysis
allowed the glacial water flow velocity to be estimated at
about 6 m*s~tin the largest channel (Frydrych and Rdzany
2018).

In relation to the site in Siedlgtkow village, the nearest
place where high energy flows were documented (Fry-
drych 2016) is the Rzymsko esker in the Turek Heights.
Its southernmost point is located 4.5-5 km NWW. The
proximity between these sites encourages the explana-
tion of interrelation between processes recorded in the
glacial tunnel and in the proglacial zone. For this reason
the authors attempted at determining whether there
is any similarity between the sediments at Siedlgtkdéw
sites and the sediments of the Rzymsko esker. The most
important question is whether the lithofacies of massive
boulders with gravels, which are a record of very high
energy level, found at Siedlgtkdw is an extension of the
glaciofluvial material with similar grain size distribution
which is present in the structure of the Rzymsko esker.
These places are separated with the 3-kilometre wide
Warta valley, where postglacial fluvial erosional pro-
cesses interrupted the continuity of formations from the
Wartanian glaciation. The location of these sites in rela-
tion to each other does not rule out such a possibility if
we assume that meltwater flowing in the subglacial tun-
nel had to change direction by approximately 50-60° and
flow nearly exactly west to east. Therefore, a number of
lithological features of sediments were compared.

It follows from the analysis conducted by Frydrych
(2016) that the Rzymsko esker was formed in the most

intense water discharge zone which was the subglacial
channel. Lithofacies which were the record of the highest
energy exhibit some properties which indicate the aver-
age flow velocity to have exceeded 4 m*s-! according to
Costa (1983) formulae. The predominant mode of sedi-
ment transport in the Rzymsko esker was hydraulic flow,
which was periodically transformed into hyperconcentra-
ted flow. Nevertheless, the content of massive boulders
with gravels units is relatively low. Characteristic features
include the well-developed large-scale units of tabular
cross stratification (gravels, boulders with gravels), which
are practically absent at the Siedlgtkow site. The architec-
ture of sediments there is definitely more elaborate and
complex along the over 15-metre profile, which indicates
relatively long-term, multi-seasonal flows. Additionally,
a characteristic feature of this material, which formed
the lithofacies during the most intense flows, is the very
high content of Upper-Cretaceous rocks (30-87%, 50% on
average). The presence of a subglacial channel, in which
the esker was formed, and a very high content of clasts
eroded from Cretaceous rocks of the Quaternary sub-
stratum in its sediments indicate not only the subglacial
character of sediment transport, but also a complete dis-
section of older Pleistocene formation and even direct
erosion in Upper-Cretaceous limestones and marls. For
comparison, the sediments described in Siedlgtkow as
a result of jokulhlaups, as well as glacial till in their vicin-
ity contain only several percent of rocks of the local sub-
stratum (3.35% on average). Another premise which can
prove the identities of sediments from sites in Siedlatkdw
and Rzymsko is the comparison of the shape and round-
ness of pebble clasts (Tab. 1). Gravels indicate clear differ-
ences in the degree of processing during transport. In the
esker, transport resulted in an increased content of well
rounded and oblate clasts in the analysed samples. This
was to a large degree influenced by the higher content of
local rocks.

The conducted analysis and comparison with other
results of research into meltwater flow paths of mainly
subglacial origin in the Koto Basin and the neighbouring
areas, particularly with the results of geological charting,
indicate a great complexity of this system (Fig. 2).

Table 1. Features of clasts in studied sites in Siedlgtkow (S1-S4) and in the Rzymsko esker
Tabela 1. Cechy klastéw w badanych stanowiskach w Siedlgtkowie (S1-S4) i ozie Rzymska

Rzymsko (N = 330)

Mean elongation ratio 0.758
Mean flatness ratio 0.638
Mean maximum projection sphericity 0.665
Roundness 0.705

Mean content of local rocks (%) 50.0

Siedlatkéw (N = 610) Till (N = 100)
0.762 0.756
0.731 0.705
0.745 0.712
0.572 0.583
3.35 2.0
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Fig. 2. Interpretation of the main routes of subglacial and proglacial flow system during the jokulhlaup near Siedlatkow.

White arrows indicate the probable paths of meltwater in ice body, purple arrows — the paths of jokulhlaup waters in the
marginal zone, orange arrows — proglacial waters of ice sheet foreland. Geomorphological forms on the basis of modified
geomorphological sketch (Klatkowa and Zatoba 1992; Klatkowa et al. 2007; Czyz et al. 2008; Kaminski and Forysiak 2001):
1 - moraine plateau, 2 — fluvioglacial plains, 3 — moraine hills, 4 — eskers, 5 — forms of crevasse accumulation, 6 — kames,
7 — kame terraces, 8 — glaciolacustrine plains, 9 — dunes and sand plains, 10 — high terrace, 11 — bottoms of river valleys
and flood plains (V — Vistulian, H—Holocene), 12 — excavations, 13 —tunnel valleys and meltwater valleys, (S1-S4) the cliff
of the Jeziorsko Reservoir and research sites

Ryc. 2. Interpretacja gtéwnych szlakdéw przeptywu subglacjalnego i proglacjalnego w czasie zjawiska jokulhlaupu w oko-
licy Siedlgtkowa.

Biate linie oznaczajg prawdopodobne szlaki przeptywu wéd ablacyjnych Igdolodu, strzatki fioletowe — szlaki odptywu
wad jokulhlaupu w strefie marginalnej, strzatki pomarariczowe — wody proglacjalne na przedpolu lagdolodu. Formy rzez-
by zestawiono na podstawie szkicbw geomorfologicznych (Klatkowa i Zatoba 1992; Klatkowa i in. 2007; Czyz i in. 2008;
Kamiriski i Forysiak 2001): 1 — wysoczyzna morenowa, 2 — réwniny glacifluwialne, 3 — wzgdrza morenowe, 4 — ozy,
5 — formy szczelinowe, 6 — kemy, 7 — terasy kemowe, 8 — réwniny glacilimniczne, 9 — wydmy i pokrywy eoliczne,
10 — wysoka terasa, 11 — dna dolin rzecznych i réwnin zalewowych (V — vistulian, H — holocene), 12 — odstoniecia,
13 - rynny lodowcowe i doliny wod roztopowych, (S1-S4) klif zbiornika Jeziorsko i stanowiska badawcze



38

Zbigniew Rdzany, Matgorzata Frydrych

Orfowska (Godlewska 2014; Ortowska 2017) also pre-
sented a thesis of the possible occurrence of a jokulhlaup-
-type flood at the end of the Wartanian Glaciation on
the basis of data from the tuniew site near Siedlce, in
southern Podlasie. Within the set of glacimarginal fans,
she documented structures of a large-scale erosional
channel, which was related to the release of subglacial
water.

3. Traces of glacial outburst floods in the young glacial
zone

There are relatively few known sites within the extent
of the Vistulian glaciation which include traces of glacial
floods. Most of them were documented using sedimento-
logic methods in outwash areas (e.g. the Grajewo site).
Thick series of coarse sediments were described there,
on the basis of which it was assumed that large floods,
including ones with characteristics similar to Icelandic
jokulhlaups, might have played an important role in the
formation of outwash plain forms (Zielinski 1993, 2014;
Zielinski and Van Loon 1999, 2000, 2003)

Similarly to the extent of the Odranian and Wartanian
glaciations, the record of flood flows of glacial water in
subglacial tunnels was also identified in the eskers of the
Vistulian glaciation. At the Kluczkowo site near Swidwin,
Gruszka et al. (2011) described an 8-metre deep and
40-metre wide erosional channel filled with sediments of
the gravelly-bouldery complex, which was interpreted as
a sediment of a very dense, turbulent flow of the hyper-
concentrated flow type. Also in the Gostynin esker, Roman
(2016) found sediments of high energy flows. Meltwater,
in which they were transported could also have caused
phenomena of jokulhlaup type in the marginal and progla-
cial zone of the ice sheet.

Szafraniec (2008, 2010a, 2010b), was the first to
describe traces of glacial flood records on the basis of
morphological analysis of the terrain (terrain profile ana-
lysis, interpretation of the relief intensity factor). She dist-
inguished outwash plains shaped by high energy floods in
Pomerania in the marginal zone of the Pomeranian phase
of Vistulian glaciation (Fig. 1, sites: 13). She observed the
occurrence of megadunes and interpreted some canyons
in end moraines of the Pomeranian Phase as release
paths of flood water from glacial gates and other out-
lets in the ice sheet front. The author also demonstrates
a connection between the flood phenomena and glacial
surges, which supposedly occurred very commonly in the
Vistulian ice sheet during its recession from the LGM.

The most recent detailed morphological analyses of
outwash plains — based on detailed digital elevation mod-
els — have revealed the presence of many forms charac-
teristic of areas where megafloods occurred (Wysota
et al. 2017, 2018). The authors identified meltwater
erosional surfaces, large spillways, pitted outwashes,
obstacle marks, linear clusters of kettle holes and mega-
dunes. Such areas include the outwash areas of the Su-
watki Lakeland in north-western Poland. On the basis of
palaeohydraulic estimations of flow values, they conclude
that one of the largest glacial floods documented to date
could have taken place there.

4. Discussion and conclusions

It follows from the review of works which describe pheno-
mena of extreme glacial floods in the area of Poland that
the number of such works is relatively small (Fig. 1). In
most cases the collected documentation is either of sed-
imentological character, without support from geomor-
phological documentation, or presents mainly geo-
morphological evidence. So far, no cases of such events
have been documented in detail as regards both the relief
and lithological characteristics.

Individual cases of evidence of glacial floods concern
in the greatest degree the following: systems of chan-
nel flow (filling of N-type channels), extreme flood flows
which formed canyons in terminal moraine ridges, chan-
nels filled with bouldery-gravelly material in proximal
parts of outwash plains, dissections and gravelly covers
on ice-marginal fans, as well as traces of release of limnic
reservoirs in dead ice zones under areal deglaciation.

The existing research results allow us to believe that
the greatest chances of preserving the record of great
floods in the form of an appropriate inventory of both
forms and sediments occur in outwash plains, which is
indicated by the works of Szafraniec (2010a, 2010b) and
Wysota et al. (2017, 2018) among others.

It is probable that GLOF events, caused by releases of
large reservoirs located in front of the ice sheet margin,
were much more frequent than it has been documented
in various scientific works. The favourable factor was the
inclination of vast areas of terrain towards the ice sheet
front, especially in the south of the Polish Lowland and
in northern parts of Pomerania. Traces of such sediment-
ation have been preserved in many regions of Poland.
These reservoirs could disappear in different ways but we
should expect that their functioning often finished after
the glacial or mineral barrier was broken and water could
flow down one of the ice-marginal valley systems.

In ice-marginal valleys, high energy flood flows are
evidenced by the erosional bouldery pavements and ter-
races. Among others, as early work as Kozarski (1962),
which documents many outcrops which fill the Notec¢-
-Warta ice-marginal valley, clearly showed frequent cases
of bouldery-gravelly erosional pavements which underlie
the sediments of ice-marginal valley terraces, as well as
ones which occur upon terrace surfaces. This indicates
a great importance of erosional events for the forming
of an ice-marginal valley. At the same time, there is evid-
ence for periodical occurrence of large ice-dammed lakes,
which mainly occupy basin-like broadenings of ice-mar-
ginal valleys. The size of these objects makes it difficult
to correlate reservoir sediments with traces of extreme
flows. Besides, it was not always possible for coarse-
-grained erosional pavements to form because, as a rule,
the drained lacustrine sediments were not rich in such
material.

There is a number of premises to support the hypo-
thesis of great significance of catastrophic glacial floods
for the formation of the most part of the European
Lowland’s system of ice-marginal valleys presented by
Wysota et al. (2018).
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Similar speculations may also be formed on the basis
of well-analysed GLOF events to the south of Hannover,
from the extent of the Early Saalian Drenthe ice sheet
(Odranian) (Meinsen et al. 2011; Winsemann et al. 2015;
Lang et al. 2018). A detailed reconstruction of great gla-
cial floods, which were the result of releases of proglacial
lakes of Weser and Munsterland in North Rhine-West-
phalia, was conducted there.

Some significant megafloods were documented to the
north of Poland. For instance, there was a sudden drain-
age of the Baltic Ice Lake during the final stage of the
Younger Dryas (ca. 11700 cal. yr BP). It was presented by
Jakobsson et al. (2007) and Johnson et al. (2010). The out-
flow lasted more than one year, resulted in the decrease
of the water level by about 25 m, reducing the area of the
reservoir by as much as 1/5™ and the volume of water
which was released to the Atlantic Ocean was estimated
to reach 7800 km3. This event, comparable with mega-
floods related to the release of Missoula and Agassis lakes
in North America, may have been the greatest flood in the
history of the Pleistocene within the extent of the Scand-
inavian glaciations.

Attention must also be paid to the occurrence of
a number of local phenomena, involving high energy
flows, including extreme events, in a restricted area. This
may be related for example with a local occurrence of
torrential rain, which resulted in a flash flood. Such phe-
nomena, despite their relatively local extent, can have
a significant impact on the shaping of many elements of
the marginal zone of the ice sheet.

The conducted review of sites and areas where evid-
ence for high energy floods was found indicates that
these processes might have played a very likely, important
morphogenetic role. At the same time, it reveals signific-
ant gaps in the palaeogeographic knowledge and indic-
ates the need to conduct further geomorphological, sed-
imentological and other types of research which will
allow for a better determination of the role and import-
ance of high energy meltwater flows in shaping the
landscape of lowland areas. In particular, the main object-
ives for future studies should include identifying the role
played by glacial outburst floods in both the immediate
foreland of ice sheets and the ice-marginal valleys.
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