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Fig. 1. Subglacial channels and en& moraines of the last glaciation in the Polish Lowland (afier Maria Klecha)

1a — limits of stages of deglaciation; b — minor marginal fo thg}zland fce; 2 — subglacial channols; 3 — subglacial channels transformed by rivers;
L: Lesano (Brandenburg) el H:Q.Egu s Pm: Pomeranian Stage
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PROBLEMS OF SUBGLACIAL CHANNELS

Fig. 2. Subglacial channels of the Wdzydze Lake (after Z. Churski)
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22 RAJMUND GALON

the erosional activity of subglacial water moved towards the sides. Thus the question
of the varying quantity of subglacial channels is strictly connected with the process
of continual formation of new ways under ice as the existing channels were filled
with blocks of dead ice or so-called winter ice (frozen meltwater).

In case when two subglacial channels are close to each other the fragment of the
moraine plateau which separates them is lowered until it is deprived of its moraine
cover and takes apparently the form of esker deposited at the bottom of a spacious
channel (Fig. 6). The similarity of cutted off ridge to a esker is the greater that its
geological structure reminds of that of esker (Fig. 6). Several examples of such
pseudo-eskers can be mentioned, e.g. near Miszewo, Kashubian Lake District,
described by J. Sylwestrzak [17], esker near Oslonino, described by B. Zaborski
[21], or Turtul esker in Suwalki Lake District, which is the subject of a discussion
between S. Pietkiewicz and C. Pachucki [14].

In special deglaciation conditions, viz. the stagnation of ice, when instead of
marginal forms like end moraines, deposits of kame type were formed, the activity
of meltwater occurred on two levels (Fig. 7). Above the channels filled with winter
ice developed the landscape of dead ice, conditioned by the existence of stagnating
ice. The disappearance of ice took place in two phases. First, i.e. still during the
deglaciation period, slabs of dead ice which lay on the surface of the ground moraine

Fig. 3. Subglacial channels and esker in the vicinity of Poznan (fragment of a morphological map
elaborated by E. Tomaszewski)
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Fig. 4. Morphological sketch of a section of the Byszewo subglacial channel
(elaborated by R. Rybacki)

melted away uncovering kames, eskers and other land forms originated among
ice blocks. Then subglacial channels emerged from under the winter ice filling.
Both forms occur in varying arrangements. Thus W. Niewiarowski [12] writes
about che melting out of a subglacial channel partly situated under kame which re-
sulted in a subsidence of the kame deposit (Fig. 8). Z. Churska [1] and W. Okolowicz
[13] describe the occurrence of a channel along the erosional edge dividing the
former outwash level from a lower lying outwash surface. The ridge cut off from
the higher lying outwash looks like esker.

The problem of the period when dead ice filling the subglacial channels melted
away is still open. We can add a few facts and remarks. From the point of view
of the morphological age of forms it is interesting to note the occurrence of channels
in the valleys, sometimes on very low terraces. Their melting away certainly took
place after the formation of a given terrace. Cases are known when channels
dissected in a ground moraine cross with outwash and river valleys, e.g. Brda river
valley [3] or Drweca river valley [9] where the channel also dissects low river terraces.
It may be considered as a kind of epigenesis [4].
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Fig. 5. Cross-section of the Byszewo subglacial channel (after R. Rybacki)
”
Fig. 6. Erosional ridge between two subglacial channels forming a pseudo-csker
2
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Fig. 7. Preservation of subglacial channels by ice and formation of kames
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A — dead ice slabs covering ground moraine with subglacial channels filled with winter ice; f — filling of ice crevasses
with fluvioglacial sands and ablation deposits, B — appearing of subglacial channels (lakes) and dead ice landscape;
a — ablation deposits
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Fig. 8. Subglacial channels and kames in the vicinity of Ostrowite (after W. Niewiarowski)

1 — boulder-clay flat ground moraine; 2 — flat ground moraine covered by sands and gravels; 3 — undulant ground

moraine; 4 — dead ice moraine; 5 — kame hummocks; 6 — kame ridges; 7 — subglacial channels; 8 — steps and hol-

lows in subglacial channels; 9 — meltwater valleys; 10 — Pleistocene erosive edges; 11 — Holocene erosive edges;
12 — kettles; 13 — Holocene gorges and other small erosional valleys; 14 — settlements

Fig. 9. Subglacial channel near Fletnewo (Grudziadz valley basin) with dissected dune ridges (after
L. Roszk6éwna)
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26 RAJMUND GALON
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Fig. 10. Fragment of a morphological map of the area of Riss Glaciation (S of Masurian Lake
District). Elaborated by M. Bogacki

The appearance of subglacial channels began in warmer late-glacial phases,
especially in Allerod. A general melting of subglacial channels took place beginning
from Preboreal time and lasted, in exceptional cases, until post-glacial climatic
optimum. In Grudziagdz valley basin near Fletnowo, a melting channel which
appeared on the lower terrace caused the dissection of dunes (Fig. 9). Lake deposits
which fill out this channel, investigated by B. Noryskiewicz (pollen analysis), show
that the deposition of gyttia began in Preboreal time, while higher lying peat was

http://rcin.org.pl
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32 STEFAN KOZARSKI

J Ousertin § 3 2 - 3]

Fig. 3. End moraines of the Odra lobe. After Galon and Roszkowna, Hurtig, Janke, Karczewski,
Kliewe, Kozarski.

1 — Pomeranian stage, 2 — Chojna phase, 3 — late glacial

was caused by the fact stressed by some authors [1, 9, 12, 13, 23] that it formed
only a side, and thus worse alimented, branch of the Baltic ice-stream, whose chief
part was directed to the Danish straits, entering with its margin west Mecklenburg.
The great passivity characterizes the Odra lobe, especially in its eastern part, and
also in the later period, after the phase of maximum extent, which is proved by
the rare occurrence [4, 8] of end moraine belts in the interior area, which it formerly
occupied. Its margin became more active only when it retreated nearer the main
ice-stream on the Baltic shore, which is shown by the numerous belts of push moraines
in north-east Mecklenburg and on Uznam (Usedom) and Riigen islands [13, 14,
18, 19, 20]. The high push moraines near Szczecin are not discussed in the present
paper, because of their uncertain chronological position [22, 34] on the other hand
in the interior of the Vistula lobe many of push moraine belts were found [6, 8,
28]. This phenomenon shows the greater activity of the Vistula lobe margin, which
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36 BOLESEAW AUGUSTOWSKI
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Fig. 1. The pradolinas and the isolated moraine plateaux of the Kashubian Coast

1 — the isolated moraine plateau of the Kashubian Coast, 2 — plateau of the Kashubian Lake District, 3 — streamways,
valleys, gullies, 4 — dunes and sand spits
1 — the Orlowo Isolated Moraine Plateau, II — the Oksywie Isolated Moraine Plateau, III — the Swarzewo Isoluted
Moraine Plateau, IV — the Ostrowo Isolated Moraine Plateau, V — the Puck Pleistocene plateau, VI — the Lebork
Pleistocene plateau, A — the Oliwa-Sopot “coastal terrace” B — the Redlowo Depression, C — Kashubian Meander, D —
the Plutnica pradolina, E — the litoral peats plain, F — the Reda-Leba pradoiira

and the mounds make two basic complexes of contrasting forms on the Kashubian
Coast. They stamp the whole area in an individual way, and form a distinguishing
characteristic, so that they form the basis for the separation of a geomorphological
region.

The changeability of the height of the valley floor of each individual member of
the pradolina is very characteristic and also important for the reconstruction of the
development of the system. The Oliwa-Sopot Seaside Terrace is located at a level
of 10-20 m above the sea. It consists of an erosion surface marked by moraine
pavement and covered with alluvial cones. The width of the formation reaches
3 km. The floor of the Redlowo Depression is located at 40 m and is suspended
from the south as well as from the north. The erosion floor is carved out in fluvio-
glacial materials and reaches 800 m in width. The Kashubian Meander forms
a beautifuly developped arc cut by the seashore. The inlet of that form from the
Gulf of Gdansk is located in the vicinity of Gdynia, and the outlet into the Puck
Bay — between the villages Machelinki and Oslonino. The erosion floor of that
pradolina, tested in numerous borings, is located 2 m below the sea level. At the
outlets of the lateral valleys it is covered with widespread alluvial cones, sediments
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38 BOLESLAW AUGUSTOWSKI

levels of the Kashubian pradolina that is with the average 10-20 m level and also with
the low 2-m level, covered with alluvia to the height of the actual floor. The alluvia
appear only in the lower segments of the Leba and Reda river valleys. Fig. 2 illustrates
the arrangement of the terrace system in the Eeba-Reda pradolina. It demonstrates

S PR LT RE AR itk R e
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K / \\‘\

Fig. 2. The long profile of terrace systems of Reda-ELeba pradolina

1 and 2 — high terraces levels, 3 — height of the watershed, 4 — directions of the downflow of waters

that the flow of the meltwaters down that streamway had been taking place at
levels up to 40 m in height (the height of the watershed divide), and the further
development of that form is the work of Leba and Reda rivers, which carved two
lower terrace levels as a result of the changes of the erosion basis.

The 40 m height of the Reda-Leba pradolina and the relatively well preserved
terrace system at this level, obliges us to search for an older correlation of this form
with the Redlowo Depression, the floor of which is also located at the 40-m level.
This relation is also confirmed by the narrowness of the Reda-Leba pradolina at
its inlet (about 1200 m) and the Redlowo Depression (800 m).

Many different conditions contributed to the peculiar arrangement and develop-
ment of the pradolina of the Kashubian Coast, but a very important one is the
configuration of the surface, strongly dependent on the configuration of the substratum
and the course of the front of the inland ice. The tilt of the initial surface left by
the Scandinavian ice sheet from the Pomeranian stage as it retreated northward
was of decisive importance in the formation of the system of the water runoff.
The tilt of the land surface, as it was proven by R. Galon [7] and Z. Pazdro [11],
was closely correlated with the geological structure of the older substratum con-
forming in general to the configuration of the Cretaceous and Tertiary surfaces.
The depression of the lower Vistula river, lower feba or the Zarnowiec Lake and
the Wejherowo Depression are classical examples of that. Two directions are marked
in the general tilt of the surface. One of them is the tilt of the scarp of the Pleistocene
plateau of the Lake District and the Kashubian Coast eastward, that is in the direc-
tion of the Gulf of Gdansk and towards the contemporary valley of the lower
Vistula river. The other direction is the general northward tilt. Thus the meltwater
streams were flowing from the dilluvial plateau in the easterly and northerly
directions after the retreat of the Vistula lobe from the Pomeranian stage into the
Kashubian Coast, the Gulf of Gdansk and the alluvial plains of the Vistula. In
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Fig. 3. The morfological map of Brentowo Valley

1 — undulant ground moraine, 2 — frontal moraine, 3 — outwash plain, 4 — kames terrace, 5 — fragment of Oliwa-
Sopot “coastal terrace’”, 6 — Gravel pit, 7 kettle holes,8 — lateral valleys, 9 — hanging valleys, 10 — rejuvenated
hanging valleys, 11 — denudation valleys, 12 — alluvial cones, 13 — slopes, 14 — edges above 20 m of relative hight

such a situation, the meltwaters did not flow away from the front of the glacier,
in the direction of the more remote foreland, as was the case in a typical proglacial
phase, but according to the surface tilt were flowing in the direction of the glacier.
Therefore they were eroding their own drainage pattern at first northward across
the area adjacent to the Gulf of Gdansk and Zutawy, and then, near the contemporary
settlement of Reda, westward directly alongside the ice barrier. In such conditions
the pradolina had been shaped as a typically marginal form. Very numerous
consequent streamways cutting the marginal zone (eastern and northern) of the
Kashubian Lake District and the subsequent, arrangement in relation to the tilt
of the pradolina, are the forms which had been left by the drainage pattern that
had been developped in this manner. Therefore the consequent character of the
streamways is caused by the tilt of the initial surface, and the subsequent course
of the pradolina was forced by the course of the front of the ice barrier.

The valleys, cutting the marginal zone of the moraine plateau, originate from
vast kettle holes or from the outwash plains. In the case of the streamways originat-
ing from kettle holes, their outlet — in relation to the present kettle hole is suspended.
It shows that the development of those streamways had originated in a period
when the meltwaters were flowing over dead ice filling the kettle hole depressions.
The age of those streamways is Pleistocene without any doubt. The group of Bren-
towo streamways, presented in Fig. 3, is an illustration of that.
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48 ZOFIA CHURSKA

show distinctly a rhytm of sedimentation (Fig. 4). Further, they are proof of
a major participation of water.

The Holocene series consist of brown clayey deluvia with much iron compounds;
their thickness increasses uniformly towards the axis of the form. On top of these
clayey deluvia, there is usually either a fairly well developed soil profile with
a layer of humus sometimes containing charcoal or there is a thick layer of humus

4 ¢ "

Fig. 2. Profile of the asymmetrical small denudative trough in the neighbourhood of Nowe Miasto

1 — fluvioglacial sands and gravels, 2 — horizontally stratified sands, 3 — unstratified sands with the iron concretions,
4 — unstratified sands with stones at the bottom, 5 — fossil soil with charcoal, 6 — unstratified sands with single pebbles
and gravels, 7 — recent soil

T

Fig. 3. Deposits occurring in the denudative trough, near Naklo

1 — recent soil, 2 — unstratified, brown iron-stained clayey sands, 3 — iron-stained clayey sands with strongly weathered
stones, 4 — light sands with silt lenses, 5 — fine sands with silt streaks, 6 — coarse-grained sands and gravels,
7 — unstratified fine sand with iron streaks

deluvial. The layers terminating this series are streaked or disjunctively stratified
sands, and grey unstratified sands with solitary pebbles and boulders, occurring
at random in the sand mass. On today’s surface of these land-forms usually
a soil profile of fairly uniform thickness is found, not increasing in thickness
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Fig. 4. Rhytmically stratified clayey sands and sands with iron streaks. Photo Z. Churska

towards the axis of the form. This is distinct evidence of today’s stabilization of
the slope processes.

Only in a few of the troughs inwestigated, the full series of filling deposits
enumerated was discovered; even so, the succession of the layers proved always
much alike.

The denudative small troughs are often developed in coarse grained sands and
gravels. The marked permability of these deposits implies, that they must have been
frozen. This presumption seems to be confirmed by the presence of large quantities
of iron compounds, accumulated in the shape of ferruginous concretions and of
coatings on quartz grains, found in the boundary lines between floors of troughs
and substratum gravels or sands. This indicates the presence of a filtration layer for
atmospheric waters, laid down on an impervious frozen base.

The age of the denudative small troughs can be determined from their relation
to outwashes and late-glacial river terraces, onto whose surfaces the troughs issue.
Thus it can be seen, that the oldest denudative small troughs developed in near
vicinity to the ice margin during the Pomeranian stage. In the troughs dating from
this age, no disturbances of bounded congelifluction were observed, most frequently,
they are filled with unstratified sands with boulders. Younger denudative small
troughs issuing upon high valley terraces and occurring in slopes of small denudation
valleys also have developed under periglacial conditions, as may be concluded

/Ircin.org.pl
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Fig. 6. Upper part of the outwash connected with the Pomeranian stage in the neighbourhood
of Brodnica
1 — soil, 2 — unstratified sands with strongly weatherd stones, 3 — stratified fluvioglacial sands and gravels

4 s ® ’ & v 0 n 2 " 4

Fig. 7. Geological structure of the slope of the Notec-Warta ice marginal streamway (pradolina)

1 — grayisn-green boulder clay, 2 — unstratified sands with weathered stones, 3 — calcareous streaks, 4 — soil

The products of periglacial weathering were put in motion by congelifluction
on all inclined surfaces (Fig. 7), or they were deposited by random water flow on
valley slopes or floors. The mutual relation of two cover layers of different age may
be pursued on the slope of one of the small denudative valleys occurring on the
slope of the Notec-Warta pradolina. The upper cover consists of congelifluction
deposits, mainly of the bound type, while the lower cover layer contains free
congelifluction deposits laid down by random water flow. An intensive action of
water is also revealed by changes in slope inclination and in the convex-concave
pattern of the slopes.

The profile of a section across the small denudation valley of Sleska creek,
determined by surveying (Fig. 8), enables us to study in detail the asymmetrical
development of the slopes, and the differentiation in intensity of denudation processes
on both the warm and the cool slope. The cross-section shows the cool slopes to
have suffered much heavier denudation. Displacement of a large amount of deluvial
material on the cool slope resulted in shifting the channel of seasonal water flow
towards the base of the warmer slope. This process undoubtedly accentuated the
valley’s asymmetry, brought about by the difference in denudation on warm and
on cool slopes.

Thus, the small denudation valleys took shape due to congelifluction processes
and the action of surface waters, which were taking place in a periglacial environ-
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Fig. 8. Cross-profile of the Sleska valley and outcrops with the periglacial structures

1 — brown boulder clay, 2 — grayish-green boulder clay, 3 — dark-brown and light-brown clay, 4 — stones, $ — gravels, 6 — medium-grained sands, 7 — fine sands,

8 — silts, 9 — peat, 10 — iron streaks, 11 — wood pieces, 12 — soil
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Fig. 9. Periglacial small denudative troughs on the slope of the Sleska valley.
Photo Z. Churska
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Fig. 1. Major sandy outwash areas in NE Poland

1 — margins of valleys, 2 — extent of the Pomeranian stage, 3 — extent of the Poznan stage, 4 — extent of the Leszno
stage, 5 — sandy outwash plains
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Fig. 2. Geological section S of Pisz

1 — fine-grained sands and silts of the outwash horizon, 2 — coarse-grained sands, upper outwash horizon: 3 — very
coarse sands and gravels, 4 — clay, 5 — peats, 6 — fine-grained sands in the Pisa valley
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The accumulation of the glaciofluvial sediments of the lower sandy outwash
horizon is followed by the development of recent valleys.

In the Pisa valley, similarly as in the valleys of all streams of the Kurpie region,
the terraces are incompletely developed, thus suggesting a low intensity of the
vertical component of erosion within this area. Accumulation and lateral erosion
were the predominant processes here. During the late glacial stage and in the Holocene
the above area was stabile or perhaps subject to slow subsidence; slight uplifting
movements on the other hand would have led to stronger subsurface erosion. The
valley of the Pisa was incised in glaciofluvial sands. The depth of the incision of
the sandy outwash horizon ranges from 9 to 11 m. Owing to the great accumulation

Fig. 3. Diagrammatic longitudinal section of the outwash horizons and of the Pisa terraces

1 — upper outwash horizon, 2 — lower outwash horizon, 3 — accumulation on the lower horizon, 4 — Pisa terrace II,
5 — flood terrace of the Pisa, 6 — front of the glacier, 7 — unequigranular sands, 8 — fine-grained and extremely fine-
-grained sands, 9 — coarse-grained sands and gravels

of the alluvial sediments in the valley, the present depth is markedly smaller, i.e.
4-7 m, as compared with the lower outwash horizon. In the middle and lower course
the Pisa has completely cut through the glaciofluvial sediments and has slightly
eroded the deposits underlying the sandy outwash plain, the silts and the boulder
clay horizon (Fig. 4).

Two horizons may be differentiated in the valley of the Pisa: the flood terrace
and the high terrace. The flood terrace occurs as a continuous and unbroken surface
on either side of the river bed while the high terrace consists of ledges on the marginal
parts of the valley or as islands on the flood terrace.

Altogether six phases have been observed in the development of the Pisa valley.

Phase I (erosion). Owing to the lack of reliable morphological and palynological
data it is hardly possible to determine when the incision of the streams into the
surface of the outwash plain began. In view, however, of our fairly good knowledge
of the later processes of accumulation and of the morphological development of
other valleys in contiguous areas it may reasonably be concluded that, within the
sandy outwash plain of the Kurpie region, the incision of the outwash horizon by
the local streams began during the warm Allerod interstage. Recent investigations
in Poland and in the neighbouring countries [4, 8, 16] show Allerod as a comparative-
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ly warm period and its final phase as one associated with rapid dead-ice thawing.
During the Allerod the waters of the Vistula retreated into the ice-free Bay of
Gdansk in the lower horizon of the middle terrace [6]. At that time the river Niemen
similarly changed its course to the Baltic glacial lake [1]. Erosion in the valley of
the Narew also occurred during the Allerod.

The general lowering of the erosional base during the period considered above
and the increasing amount of water supplied by the thawing of the dead ice un-
doubtedly intensified the erosive action of the surface run-off water from the sandy
outwash plain. In the Pisa valley the work of erosion completed during that period
is up to 4 m.

Phase II (accumulation) is indicated by the presence of sandy sediments, ca 3 m
thick. They rest directly on glaciofluvial sands. These sediments consist mainly
of fine sands which suggest the weak activity of the waters in which they were
deposited. Another feature of the alluvial deposits is the almost complete lack
in them of humus intercalations. The pollen of Pinus and Betula, also of a number
of herbaceous plants, have been found in some sporadic and badly preserved organic
interbeddings. These features of the deposits show that their accumulation took
place at a time when the Pisa basin was covered by tundras. The prevailing climate
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Fig. 4. Section through the Pisa valley S of Ptaki

1 — peats, 2 — silts and sands, 3 — very fine-grained sands of the flood terrace, 4 — fine-grained sands of terrace II,
5 — outwash sands, 6 — coarse-grained sands and gravels, 7 — gravels and pebbles, 8 — loams and silts, 9 — clay
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DEGLACIATION IN WIELKOPOLSKA 67

rather insignificant, but in the marginal zone of the Poznan stage they become
magnificent.

The inventory of the marginal zone forms of the Poznan stage is largely the same
as in the marginal zone of the Leszno stage, though, because of different morpho-
genetic conditions of its formation these forms developed in a slightly different way.
The factor that was quite unimportant in the marginal extraglacial zone of the
Leszno stage, viz. dead ice, became quite prominent here. This ice covered large
portions of the extraglacial zone of the Poznan stage, above all in lowerings (e.g.
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Fig. 2. Dipping of strata in the hillocks, surrounding the hillock 149 m a.s.l. south of Ostrowieczno
Lake and in the latter itself. Note the dipping of strata in all directions with preponderance of
southward (distal) dipping

Obra lowering near Migdzyrzecz and Pszczew [2]), though it also occurred on the
morainic plateau, as can be concluded, for instance, from the occurrence of a large
closed depression in the hinterland of the Lewice outwash zone, SSE of Miedzychdd
(Fig. 5). The edge, 8-10 m high, which is seen here is a structural edge (developed
by the melting of a portion of dead ice abutting upon the cone) and is not erosional
in origine. That there was dead ice on the morainic plateau is witnessed by numerous
kame hillocks west of Poznan, near Buk or Pniewy, regarded hitherto as recession
end moraine hillocks.

The presence of dead ice can be seen in the “beginnings” (at the heads) of outwash
cones. A very strong flow of meltwaters first melted this dead ice and then much
fluvioglacial material was accumulated. After the dead ice melted, small hillocks
were found. They have a nucleus of stratified, fluvioglacial material because of the
excess of the fluvioglacial mass in this place in relation to the amount of fluvioglacial
outwash plains. Because of this the ,,beginning” of outwash plains are hillocks, hit-
herto taken as end moraines (e.g. at the outlet of Kiekrz Lake, south of Lusowo
Lake etc.)
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Fig. 3. Geomorphological sketch-map of a section of the marginal zone of Leszno (Brandenburg)
stage, west of Lubsko, near the frontier with East Germany, at the Nysa Luzycka river
1 — fluvioglacial deposits building a fluvioglaciai plateau-border outwash (extraglacial), 2 — fluvioglacial deposits build-
ing kame and esker hillocks (intraglacial), 3 — contourlines (5 m) and height in m a.s.l., 4 — meadows

Another new factor shaping the marginal zone of the Poznan stage is the formation
of the inland ice substratum. At the border of the high niveau level of the morainic
plateau, at the south edge of the depression of the Gorzéw Basin there is a zone
of morainic hillocks, regarded till now as the main end moraine belt of the Poznan
stage [10 and others]. However these hillocks are built of fluvioglacial material
for the most part; this material is stratified with a till cover on top. Sometimes
the morainic till cover is very rich and then the hillocks have either a very thick
layer of morainic till or are entirely built of it. There are, however, hillocks without
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Fig. 4. Geomorphological map of a section of the marginal zone of Leszno (Brandenburg) stage
south of Dolsk, east of Leszno

I — edges, 2 — highest morainic plateau level, 3 — “middle” morainic plateau level, 4 — “low’ morainic plateau level,

5 — sandy terrace level in marginal tunnel-valleys, 6 — flat, meadow bottom in marginal tunnel-valleys, 7 — flat, peaty

bottom in marginal tunnel-valley — effect of an organogenic accumulation in former closed depressions, 8 — “dry”
closed depression, 9 — esker, 10 — lakes
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Fig. 5. Geomorphological sketch map of the marginal zone of Poznan (Frankfurt) stage, SSE
of Miedzychod with Lewice Outwash Fan

a — morainic hillocks with stratified drift core, b — morainic plateau with fluvioglaciat cover, ¢ — large depression

without superficial outlet in proximal side of Lewice Outwash Fan, d — Lewice Outwash Fan, e — esker, f — Dormowo

Outwash Fan and kame plateaus, g — secondary, minor outwash fans, h — flat and undulant morainic plateau in pro-

ximal part of marginal zone, dissected by “marginal”’ and “perpendicular’ tunnel-valleys, i — meadowy, mostly peaty,
flat bottoms of depressions
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any till cover at all. The stratified fluvioglacial deposits are usually horizontally
stratifled with dips of strata near the slopes according’to their inclination as seen
in the hillock 118-8 m a.s.l. SSE of Miedzychéd (Fig. 6).

As the structure of these hillocks shows, they are forms developed in caves and
crevasses in the inland ice. The till cover shows that the fluvioglacial material was
deposited in the lower parts of the inland ice, containing still unwashed morainic
material (boulders, morainic till or unsorted sand, gravel, stone material).

These are forms described by W. Niewiarowski as dead ice moraines in the region
of the Chelmno Moraine Plateau [13]. A. A. Asejev [1] called them Moranenhiigel
mit sortiertem Kern. These hillocks occur here—as in the intraglacial zone of the

Fig. 6. Dipping of strata in sand pit of the hillock 1188 m a.s.l. Note the dipping in all directions,
typical for kame hillocks

Leszno stage —as wide hillock chains superimposed upon the edge zone of the highest
morainic plateau level dipping towards the north, to the depression centre of the
Gorzéw Basin, S of Migdzychdd.

Considering the fact that these forms were created in caves and crevasses in the
inland ice, as well as the situation of the hillock zone on the edge of the substratum
of the inland ice, the author assumes that the formation of crevasses in the inland
ice was brought about by the existence of a plateau step. Its existence, together
with the action of ablation, caused the thin (owing to ablation) inland ice to die
en bloc in the distal part, being, however, active in the proximal part for some time
afterwards. The hillock zone was formed where the active ice came into contact
with the passive or dead ice. This process is well illustrated in the included diagram
(Fig. 8).

It should be added that in order to cause an intensive formation of crevasses in
the inland ice, the existence of a substratum step in the substratum of the inland ice
is not necessary because, as a result of the ablation activity, the marginal parts of the
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Fig. 8. Formation of marginal zone (based on circumstances encountered in the Lewice Fan
marginal zone section

1 — inland ice substratum, 2 — shear plane surfaces with admixture of morainic material, 3 — fluvioglacial material,
mostly well sorted, 4 — “inglacial’’ pure ice, formed of frozen meltwater, 5 — outwash, “extraglacial’® deposits, 6 —
“inglacial” water level, 7 — direction of extraglacial outflow of meltwater 8 — direction of intra- and supra-glacial out-
flow of meltwater, 9 — contours of inglacial crevasse, forming a glacial tunnel. A — active ice P — passive ice M — dead ice

called “attenuate drift borders™ are, at least, as common as ice margins with such
forms [7]. R. Galon [9] ascribes to deglaciation an important role in the process
of inland ice recession by wastage of large portions of dead ice, though he thinks,
too, that deglaciation also took place by means of a number of oscillation of the
edge of inland ice that left numerous recessional end moraine chains with glaci-
tectonically disturbed fluvioglacial material, especially in the Pomerania [8].

In the author’s opinion areal deglaciation is conditioned both by climatic causes
and obstacles in the inland ice alimentation (both are strictly dependent on each
other) and because of this he accepts the possibility of a greater role of the active
ice in the inland ice recession in such places where the configuration of the inland
ice substratum favoured a long existence of streams of very active ice, as could be
the case in the lower Vistula valley, lying in the prolongation towards the south,
of the chief depression of the Baltic Sea. In the region of the Wielkopolska Lowland,
however, forms created in the area of the Baltic glaciation by the active ice during
recession, in the shape of thrust fluvioglacial material, are not found anywhere.

Disturbances of stratified material in hillocks, regarded by S. Kozarski [12] as
end moraine hillocks may also be explained as saggings of the fluvioglacial masses
as a result of the thawing out of dead ice upon which those deposits were resting.
We need not, therefore, accept numerous oscillations of the edge of the inland ice
in order to explain those disturbances. R. F. Flint [7] explains similar disturbances
in the same way, calling them ice contacts.

Geographical Institute
Adam Mickiewicz University
Poznan
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Fig. 1. Sketch map of the investigated area

valleys that may reliably be considered as Tertiary structures are those not completely
filled to their bottoms with deposits of Pleistocene waters.

In the antecedent valley of the Vistula, and also in its tributary valleys, the deepest
incisions are of interglacial origin [8,9, 11, 12, 13, 15, 17].

The NE foreland area of the Holy Cross Mts was involved in the Mindel and the
Riss glaciations, and was influenced by the cold climatic conditions of the Wiirm
glaciation. In support of this there is evidence supplied by the pre-Mindel cooling
of the climate which led to an extensivefilling in of the valleys with preglacial material.
The preglacial deposits do not, however, contain Scandinavian material, hence it
may reasonably be supposed that the area here considered was not covered with
an ice-sheet until the time of the Mindel glaciation.

ELEMENTS OF FOSSIL RELIEF FROM THE OLDER PLEISTOCENE

The bedrock relief is buried under a cover of Quaternary sediments. The deeply
incised valleys are in contrast with the rather monotonous relief of the upland
watershed area. Evidence of the Tertiary origin of valleys will be found where
preglacial deposits are encountered. The extensive preglacial cover near Zwolen is
a record of the accumulating process of the old valley of the Vistula (Fig. 2A).

The petrographic character of the preglacial sediments (dominance of country
rocks with an admixture of Carpathian pebbles) clearly indicates a connection
between the origin of that covering and the action of a cold climate. Preglacial
accumulation occurred in two cycles separated by a horizon that bears traces of
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Fig. 2. A — position of preglacial deposits in the fossil valley of the Vistula, B — position of
preglacial deposits in relation to present valleys

1 — Quaternary bedrock, 2 — preglacial deposits, 3 — Pleistocene deposits

plant remains [15]. In accordance with the investigations of A. Jahn in the Lublin
Plateau [6] and in Lower Silesia [7], also those of S. Z. Rézycki in Warsaw [14],
the preglacial period of the NE peripheral area of the Holy Cross Mts, has been
chronologically referred to the older Pleistocene.

Preglacial accumulation resulted in the shallowing of valleys formed during the
Upper Pliocene. This filling in of the valleys corresponded with a simultaneous
denudation of the upland area. These two contrasting processes lowered the
denivelations of the previous relief by at least a score or so of metres.

Preglacial deposits do not lie at the bottom of present-day valleys but on their
slopes, or they fill in the buried valleys completely (Fig. 2A, B).

On the slopes of some valleys, sediments preceding the transgression of the Mindel
ice sheet are deposited on partly eroded preglacial gravels. This suggests a period
of erosion prior to the Mindel glaciation. The extent of the dissection cannot be
reconstructed since the valleys which developed along the same depressions as
forms of earlier erosion were effaced by later deep erosion of greater strength.

The Mindel moraine is underlaid by fluvial and lacustrine deposits. Two clay
horizons separated by fluvioglacial sediments belong to that glaciation. Outwash
deposits from the Mindel moraine rest directly on bedrock in the deepest incisions
of the valleys or on valley slopes. Such is the position of remnants of the Mindel
moraine in all the Vistula tributaries that have been analysed.
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Deposits genetically connected with the Mindel glaciation have persisted until
today only in the valleys, because on the upland area they have been eroded. Their
very scanty relics may be found in various points of the area, but a continuous
cover is missing. For these reasons it is impossible to reconstruct the relief of that
period. A gradual modification of the relief is perhaps suggested by geological
evidence from the valleys, expressed by considerable destruction of the lower
boulder clay horizon.

THE IMPORTANCE OF EROSION OF THE MINDEL/RISS INTERGLACIAL PERIOD
IN THE FORMATION OF THE RELIEF

The erosional processes during the Mindel/Riss interglacial are responsible for
the destruction of the boulder clays from the Mindel glaciation, and often also of
deposits underlying them. The period named above plays an important morphological
role. It terminates a long period in the evolution of the old Pleistocene relief and
lends it a modified appearance although its netway of streams follows the previous
valley pattern. Processes of deep erosion then attain their maximum. It dissects
and erodes not only Pleistocene forms but also reaches the bedrock. Hence, the
Mindel moraine has not been preserved in sifu at the bottom of valleys. Material
eroded from it occurs in the deepest incisions.

The depth of the incision of interglacial rivers is shown in the attached sections
(Fig. 3). The valleys then were deeper by some tens of meters than are the recent
ones. Some outcrops (Fig. 4) are also a source of information about erosion on

Fig. 3. Pleistocene fossil relief

1 — ceiling of pre-Quaternary rocks, 2 — preglacial deposits, 3 — incision from the Mindel/Riss interglacial, 4 — out-
wash sediments from the Mindel moraine, 5 — fluvial deposits prior to the Riss transgression, 6 — Riss sediments, 7 —
incision from the Riss/Wiirm interglacial, 8 — Riss/Wurm interglacial deposits

the slopes. The lowering of the level of streams results in the formation of terraces
due to the alternating processes of erosion and accumulation. These terraces are
covered with old-Pleistocene material.

The increased energy of deep erosion during the Mindel/Riss interglacial has
also been observed in other parts of Poland [17].
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“The Mindel/Riss interglacial is characterised by the formation of deep erosional
valleys. These valleys cut not only deposits of the older Pleistocene, but also those
of the Pliocene and even all of the Tertiary” [3]. This citation also applies to the
valleys of the Masovia and Kujawy regions.

In the Silesian Plateau interglacial events follow the same pattern as those in
the NE marginal area of the Holy Cross Mts. [5].

The Mindel/Riss interglacial period is the subject of special investigations by
S. Z. Rézycki [13]. According.to that author during the climatic optimum of that
interglacial deep erosion attained its maximum. In many places it exceeded the

Fig. 4. Relics of the Mindel/Riss interglacial erosion on valley slopes

1 — soil. 2, 3 — slope deposits from the Wiirm glaciation: bouldsr clay with structureless sand transported by solifluction,
4,5 — glaciofluvial deposits prior to the Riss transgression, 6 — pebbles of Scandinavian material/limestones and crys-
talline rocks) of the Mindel moraine, 7 — Quaternary bedrock

level of erosion from the older Pleistocene. In the uplands of the provinces of Lublin
and Malopolska the depth of the incision during the Mindel/Riss interglacial period
occurs 80 m below the level reached during the Mindel glaciation.

The results of the strong erosional activity in the NE foreland area of the Holy
Cross Mts. are indubitable. The causes are, however, unknown. It may possibly
be due to some tectonic movements that have not as yet been investigated. This
hypothesis is not in principle contradictory with the marked increase of the erosional
energy.

S. Z. Rézycki is in favour of a tectonic interpretation. He thinks that after the
recession of the Mindel glaciation uplift occurred within the Pomerania-Kujawy-
Holy Cross Mts, anticlinorium.
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CHANGES IN RELIEF DURING THE Riss/WURM INTERGLACIAL PERIOD

The period of denudation and erosion of the Riss morainic boulder clays had
already started during the kataglacial recession of this glaciation and passed into
the erosion of the Riss/Wurm interglacial. On elevated highland areas morainic
boulder clay was then removed from the valleys. The streams returned to their
former depressions while on the northern slopes of the Highland new valleys were

76
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Fig. 5. An example of valley evolution during the Pleistocene

1 — preglacial deposits, 2 — outwash matetial from the Mindel moraine, 3 — fluvial deposits prior to the Riss period,
5 — residuum of the Riss moraine, 6 — bulder clay of the Riss moraine, 7 — silty-sand deposits accumulated in the valley
incised during the Riss/Wiirm interglacial

formed not connected with the previous valleys. This would suggest a strong
planation of the terrain and the complete burial of valley forms that existed there
prior to the Riss glaciation.

In valleys which developed along the same lines not only the morainic cover
but also the sediments on which it rests were dissected and removed by interglacial
erosion. Very typical truncation surfaces are then formed on valley slopes.

The depth reached by this erosion is indicated foremost by newly formed valleys
(Fig. 3). They are deeper than the present valleys. A similar situation has been
observed in the gap valley of the Vistula [9], and in the Lublin Plateau [6]. Never-
theless erosion of the Riss/Wurm interglacial never reached the dimensions attained
during the previous interglacial period.
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Fig. 1. Sketch to show the geomorphology of the hinterland of Upper Jurassic Escarpment

1 — hills composed of pre-Quaternary bedrock, 2 — ridges of depositional moraines, 3 — ice-contact slopes, 4-8 — kame-
terrace plains, 9 — channel-sides due to proglacial water erosion, 10 — edges of kame-terraces (badly preserved), 11 —

erosive-denudative sides, 12 — trough-like valleys, 13 — erosive-denudative plains, 14 — valley floors

In the area considered there prevailed the areal deglaciation. The varied rock

floor has been favourable for dead ice formation associated with the production
of a characteristic group of glacial land-forms including kames and kame terraces.
There occurs evidence of certain regularities in the composition and the distribution

of these forms, especially of kame terraces.



COMPOSITION AND ORIGINE OF KAME TERRACES 87

At an early stage of the deglaciation the escarpments first emerged above the
surface of the ice whereas the subsequent vales were filled with dead ice. Between
the ice-edges and ice-free hill-sides narrow sandy plains were built by the pro-glacial

and extra-glacial waters. These plains were left as kame terraces after melting of
the ice.

Both the plains of kame terraces and the related sandy plains resulting from the
destruction of the former occur as flats a few kilometres long on the older hill-sides.
They may be found on the scarp faces and in the escarpments hinterland. For the
most part kame terraces and sandy plains occur one above the other at four or
five levels (Fig. 1) situated between heights of about 10 and 65 m, on sides of the
subsequent vales whose floors are infilled with a ground moraine. Kame terraces
vary in width up to 0-2-2 km. The terrace surfaces rise above each other at 8-12 m
intervals. The slope of these terraces along their length does not exceed 3 %.

Terrace surfaces markedly diverge from each other where the escarpments are
dissected by valleys.

‘Kame terraces that are found in the north-western part of the Malopolska
Upland are composed mostly of stratified sand, less frequently of silt and gravel.
These are flanked by occasional small morainic mounds up to 8-10 m high. Most
of the kame terrace slopes may be recognized as ice-contact faces. Most of the

L
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Fig. 2. Scheme of kame-terrace formation in the north-western part of the Matopolska Upland

1 — sub-drift surface, 2 — ground-moraine, 3 — gravel 4 — sands, 5 — silt, 6 — lake-level, 7 — ice, Kt — kame-terrace,
Mo — moraine, Ics — ice-contact slope, Ak — accumulation, Er — Erosion

kame terrace slopes are, however, erosive-denudative faces. But this seeming
changeability in composition and development of the kame terraces is strictly
dependent upon the place and conditions of formation of the terrace cover. On
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HENRYK MARUSZCZAK

Fig. 1. Loess distribution in the eastern part of Middle Europe. Prepared by H. Maruszczak accord-
ing to maps drawn by E. Riihle and M. Sokotowska, D. Jaranoff, P. K. Zamoriy and G. M. Molavko,
G. Raileanu et al., J. Sekyra, M. Pécsi

Larger forms. In the upper Vistula basin loess occurs mainly in highland areas,
where relative altitudes usually exceed 30-40 m, and even 100 m. The loess thickness
reaches generally about 10 m and exceeds 20 m only exceptionally. That is why
the cover surface of these deposits reflects all the larger forms of substratum relief
and particularly valleys and escarpments. Such forms cannot be considered as
determining the type of loess relief. But beside them edges of loessy lobes should
be distinguished as characteristic (Fig. 2). A. Jahn has noticed that they are closely
connected with the pecularities of the loess distribution [8]. Such edges are completely
independent of the substratum configuration and they often cross high situated
flat surfaces of watershed zones [8, 12]. Some of them have been formed almost
exclusively by the particular system of forces controlling the dust accumulation,
others were at least partly remodelled by later action of destructive forces.

Smaller forms might be divided into: a) forms dzveloped during the loess accumula-
tion period (trough-like valleys and small closed depressions), b) forms modelled
after the accumulation ended (dry valleys, recent erosion cu.s, kettles, pits, and
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Fig. 2. Schematic cross-section of a loess lobe in the western part of the Lublin Upland
(after H. Maruszczak)

1 — mud alluvium of valley bottoms (Holocene), 2 — slope sediments (Holocene and late glaciai stage), 3 — decalcified
and clayey loess (decalcification in the Holocene and late glacial stage), 4 — loess and loess with sand inter-beddings
(last glaciation). 5 — sheet-wash and solifluction sediments (last glaciation), 6 — fluvial sands (last glaciation and last
interglacial), 7 — sandy muds (Middle Pleistocene), 8 — gravel and sandy fluvial of fluvioglacial sediments (Middle and
Lower Pleistocene), 9 — boulder clay (Middle or Lower Pleistocene), 10 — calcareous bedrock (Cretaceous), u.d. —
basin-like undrained depressions, t.v. — trough-like valleys, d.v. — dry valleys, g — gullies, l.e. — loess edges

antropogenic forms) (Fig. 2). A detailed description of these forms was presented
by the author in 1961 [12] who gives here only a short comparison of their most
important characteristics. Trough-like valleys were formed through the operation
of solifluxion, nivation and ablation; they represent a type of forms called “dellen”.
Closed depressions (pans) developed mainly as a result of unequal dust accumulation..
However, in the course of this accumulation and particularly after it had ended
they were strongly modified and deepened. This was due to the leaching of carbonates
and the subsidence of porous sediment resulting from the infiltration of water
gathering in depressions (suffosion processes). Such depressions known in Polish
literature as wymoki represent the type of forms determined by Russian authors
as stiepnyie bludtsa or, less frequently, as pody. Dry valleys differ from troughs
by a rather distinct bottom and high inclination of slopes. In the initial stage they
were formed by deep erosion and probably resembled the present-day gullies..
Only after the remodelling of slopes by washing, solifluction and mass movements
did they acquire a form approaching their present shape. Recent erosion cuts
(gullies) belong to forms now arising, fast developing and creating in some places
strongly branched systems. They are mainly formed by periodical streams. Gullies
are closely connected with small kettles and pits formed as a result of the subter-
ranean erosion development (mechanical suffosion) and of evorsion. Among
antropogenic forms the greatest role is played by road ravines and larger
exploitation pits.

It should be stressed that all the smaller forms mentioned above may also be
found beside loess covers, on the substratum of other deposits. But there, as a rule,.
they are less developed and occur much more seldom or even only sporadically.
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Fig. 3. Loess humps along the high Bulgarian bank of the lower Danube (after Tz. Michailov)

A — Extension and thickness of loesses on the Danubian plain between the Isker and the Ogosta: 1 — 0-10 m (or 5-10 m),

2 — 10-20 m, 3 — 20-30 m, 4 — over 30 m, 5 — maximal recognized thickness of loess within individual humps, B ~

Cross-section along the line running on the east of Orekhovo, in a nearly meridional direction: 1 — loess cover, 2 — sub-
stratum of loess cover

maps, on scales smaller than 1:1,000,000 [7, 18]. As for dry valleys and gullies,
these are nowhere so strongly developed as in Vistula region though in some other
parts considerable relative altitudes and the loess thickness constituted very
favourable conditions for the development of such forms [5].

The differences existing between the compared areas result in the first place from
the different geographical conditions of relief development during the loess accumula-
tion and after its end.
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Fig. 1. Map of the infystigribd-@ia; b€ - investigation points
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108 ELZBIETA MYCIELSKA-DOWGIALLO

horizon. Within the light-colored sands, horizontally streaked, traces of fissures
and wedges may be seen, supposedly of glacial origin. In this layer occur also the
above mentioned ferruginous streaks.
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) . . S
a
a
i s b
i C
4 2
d
4 b e
C "
3
£ s 5
{ l S 3 N A 4 N
. ] T g |
: ,?
z .
S
! b L
b
C
C
2 2
d
d
<

Fig. 2. Profiles of excavations in dune formation, in the watershed of Koprzywianka and Gorzyczanka
rivers

Excav. 1: a — stratified sands, b — stratified sands with loess dust intercalations, ¢ — loess, Excav. 2: a — decalci~

fied loess dust, b — loess dust with sand intercalations, ¢ — stratified sands, d — loess dust with sand intercalations,

e — loess. Excav. 3: a — decalcified loess dust, b — stratified sands, ¢ — sands with loess dust intercalation, d — loess,

Excav. 4: a — decalcified loess dust, b — loess dust with sand intercalations, ¢ — light-colored sands d — sands
with loess intercalations, e — loess
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Fig. 6. Profile through the dune at Jeziory with cross-sections of two excavations

Excav. 1: a — variegated sands, b — dust intercalations in light-color and brown sands, ¢ — rusty sands, with ferru-
ginous intercalations, interstratified with dust and brown sand
Boring below excavation: 3:0-4:5 m — brown sand with dust intercalations, 4:5-4:9 m — grey-clayey dust, 4:9-5 m —
remnants of fossil soil, 5-7-5 m — loess
Excav. 2: a — present humic soil, b — light-colored decalcified loess dust, ¢ — solifluxal disturbances, including the
bottom of the loess formation, d — light-colored, close sands, filling out the wedge and fissures, e — brown and light--
-colored stratified sands, with ferrous compound streaks, fi — loess. Boring below excavation: 3-5 m — loess
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112 ELZBIETA MYCIELSKA-DOWGIALLO

Fig. 8. Profile of the ravipe near Zbigniewice

a — contemporaneous soil, b — light-colored, middle-grained sands, ¢ — grey, dust sands, d — sand strongly cemented
by ferrous compounds, e — decalcified, yellowish-grey loess

Observations performed in the Sandomierz Upland enable to suppose, that the
eolian dust-sandy layers developed in climatic conditions different from loessogenic
ones. The air temperature supposedly increased, which facilitated the summer
drying of the sand and its blowing over, though the climate might have been still
rough, which is witnessed by small glacial structures, especially within dusty layers,
and the lack of vegetal covering or its insignificant expansion, which favoured
a secondary overblowing of loess dusts.

Owing to the discovery in the Jeziory drilling of fossil soil at the border-line
between loess and dust-sand layers (this soil supposedly originating from the
Bolling), the layers would correspond to the earlier Dryas. At this period took
place the first dune forming phase, distinguished by Chmielewska and Chmielewski
from Witéw [2]. According to Wasylikowa the earlier Dryas was characterized by
poor vegetation, similar to the tundra [19].
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Fig. 2. Some sedimentary environments in the light of the W, and N curves (abrasion grade and
its heterogeneity)

A similar picture is seen in Fig. 2-II representing the abrasion grade of the Poznan
till with this difference that the jumping of the W, curve is here more quiet in
general and the W, values higher than in Rewal (Fig. 2-I).

All these properties of the till environment are presented also numerically in
table 1.

TABLE 1
SOME DATA OF THE ABRASION GRADE OF THE TILLS
BELONGING TO THE BALTIC GLACIATION

Rewal — Baltic Sea Poznati — 250 km southward

shore-line zone from the Baltic shore-line [1]
values Wy Nm Wy ’[ Nm
max 1242 60 1263 | 4.0
min 658 19 1085 \ 16
average 967 3.1 1159 ‘ 2.6
standard deviation 93 0-8 43 ‘ 0-5
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The average values show the stronger abrasion of the quartz grain in Poznan
than in Rewal (difference about 200 W;). The greater homogeneity of the Poznan
till is expressed by the lower average Nn (2-6) than in Rewal (5-1) and also by
the lower standard deviation, in Poznan — 43 while in Rewal it counts 93.

All this data distinctly show the growing of the grain abrasion in the ground
moraine environment going southward, i.e. in the direction of the ice movement.
The longer the way made by the ice sheet the better abrasion and the higher its
homogeneity. We should stress that the abrasion process in this environment is
extremely slow. The transporting coefficient determines its value. This obtained by
dividing the difference between the W, values of the Rewal and Poznan tills by
the 250 km distance between these localities:

200 W,

250 km 0-8/1 km

This result is provisional because there are no data from the region between Rewal —
Poznan.

Baltic beach sand environment is graphically (Fig. 3-III) near to the glacial tills
and especially from Rewal (Baltic shore-line). It is clear because the Baltic Sea
beach sand is mainly formed of the denudated till, which builds the Baltic shore-line.

In spite of this fact there are also some differences between both sediments.
The jumping of the W, curve is less marked for this beach (N — 2-4) than for
the till (N, = 5-1) and in general the abrasion grade for beach sand (W, = 1212)
is remarkably higher than for tills (W, = 967). This difference (W, beach — W,
till = 245) probably determines the size of the abrasion of the till sand in the beach
environment. Unfortunately it has been impossible to establish the length of
transport (time and distance) [11].

River environment (Fig. 3-I) according to the example of the Kwisa river (Sudety
Mts). The general features of the abrasion of this river sand are:

1. a strong jumping of the W, curve on the whole length of the river (as a result
of the following: abrasion, selection, disintegration, participation in the river
sediment of the new slope cover materials, the sediment of the tributaries etc.),

2. a permanent rising of the W, curve downstream expressed more or less by
the same N, value in the enclosed table 2.

TABLE 2

THE W, AND N VALUES FOR GRAINS (1:0-1+25 mm)
OF SEPARATE SECTIONS OF THE KWISA RIVER

Sections of the river W Nm Wolkm
A mountains 826 2.8 ‘
B highland 915 2.6 2.3
C lowland 1110 3.0 I
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Fig. 3. Some sedimentaryzenvironments in the light of the Wy and Nn curves (abrasion grade
¥and its heterogeneity)

i.These data also indicate that the abrasion process probably took place along
the whole length of the river with, more or less, similar selection conditions (similar
hydrological conditions) expressed by almost the same Ny, value in three Parts of
the Kwisa river. The W, data allow to divide the Kwisa river environment into
three sub-environments: A — mountainous, B — highland and C — lowland.
The characteristic of these subunits is as follows:

A — 1. the lowest W, (826) typical for fresh angular grains, 2. weak jumping
of the W, curve, 3. no rising of the W, downstream.

B — 1. higher W, (915), 2. strong jumping of the W, curve, 3. distinct rising
of the W, downstream,

C — 1. highest W, (1110), 2. a little weaker jumping of the W, than in B, 3.
distinct rising of the W, downstream.

All this shows that the river discussed does not represent a homogenous environ-
ment, and it is desireable to mention at least three sub-units [10, 11, 16].
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Synthetic comparison of some sedimentary environments. Fig. 4 gives a good
comparison of all environments discussed in this paper showing some parameters
simultaneously. The N, and W, values are plotted on the ordinate, and environments
on the abscissa. The environments have been plotted in accordance with the growing
W, values (from left to right).

Analysing the diagram it is easy to state the following properties: All environments
connected with the Karkonosze (Sudety Mts) and Tatra Mts granite materials,
such as: granite waste from Michatowice (Karkonosze), granite gravel from
mountain gullies (Morskie Oko, Czarny Staw — Tatra Mts), granite gravel from
mountains talus (Tatra Mts) show low indices; the W, and N,,. This means that
grains of these environments are still quite fresh, angular and young, because the

0 M M0 M0 WO mM: oM B W 1 3 4 $ ¢ 4  Ne

14 1 7
/
? (
|
3 3 )
/
‘ 4 {
\
5 5 )
/
61 61 f
|
? {
\
84 8 )
L
‘ e,
//
r”/
{
1 —~——
| 3 T

Fig. 4. A comparison of the sedimentary environments according to two parameters: W, and
Nm (at the growing to the W, to right)

Environinents (sands, gravels, tills): 1 — Morskie Oko gully (Tatra Mts), 2 — Czarny Staw gully, 3 — Czarny Staw

talus, 4 — Morskie Oko talus, 5 — granite waste, 6 — mountainous Kwisa river section (Sudety Mts), 7 — highland

Kwisa river section, 8 — Rewal till (Baltic Sea shore-line), 9 — lowland Kwisa river section, 10 — miocene river (Kalisz),

i1 — Poznan till, 12 — Baltic Sea beach (Wolin Isle), 13 — dunes (Torun Basin) according to the diploma work under
the direction of R. Galon

transport, which usually abrades grains, was to short or hardly existed, as in the
case of the granite waste. The mountainous section of the Kwisa river belongs,
with its low W, and N,, values, to the group of environments with angular, young
grains and a good selection (low Np). It is worth mentioning that the N value of
this mountain river environment is the lowest in the group of the mountainous
environments, due to longer transport in comparison with such environments as:
mountain talus, mountain gullies or mountain slope waste covers, in which the
distance transported is usually very short.
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Fig. 5. Shape and position of separate environments in the rectangular set Wy and N

(a) Environments of Kwisa river: 6 — mountainous, 7 — highland, 9 — lowland. The histograms representing the most

typical abrasion in some environments have also been located in the rectangular sets. (b) Environments: 1| — Morskie

Oko gully (Tatra Mts), 8 — Rewal till (Baltic Sea), 10 — miocene river (Kalisz), 11 — Poznan till, 13 — dunes (Torun
Basin)

field. That is just an example of the joining process of the new, foreign material
with the till mass sedimentologically already mature. We see here some possibilities
of calculating the participation of these foreign materials in “old” till material.

For the mountainous environments, too, (gully, talus, mountain river sections
and river environments in general) such peninsulas are very characteristic and are
connected with rapid and frequent admixtures of foreign material (tributaries, slope



A B

“MA’ S et & L L

b rlut -m LTS R N s T AL~ iy o il 3
”'“ ~ mmm@ TER AP 5 PPl c.,p w«

T b A

L;%r...f.rﬁ . MR v R e o -
PPN -
SRS = g § i ! -- b '

l
e
»

+y ] 4
F =
I TH X N .
11 =
Y | y ' :
)y " “: " I
Fe_
B -"r & ‘ i 3
= b .".q
oAl ey
- t .'\
= %
_,,.' i iy
v -
P |
L ¥ R~ L-»
> - -
, Talx U
';1t-z‘ e
iRt g )




$ N - . B s

- e B L 4 . . L e Yo 2 i Tame bt L 23
N TP, W TS g SR g e
U A

¥ AT Sl o, foiep T, Py,

e % - e T % - 4 B a s -

g o iR o R e e A s

e B

} \ t } e ’ '_":‘ b dine e a
3743 et |"' ,.‘.1"" # vy ) ‘,‘-&%2 48N/ »
it . Je E ? ' y
A= LR S nSen WA
<O paBiAA ".‘.v‘:
8Ll 1IN | L A
4]
i
» biiom ¥ I
r.' v ol P,'-..‘. b 5
' . L] \ -
DS, 5 gk’ V-
{ p! 3l ‘( i ¢ -"':. ’
¢ ke . S P P 4 -

.,':3:»‘-,‘. -‘:‘ 4“)rﬁ-h * i ‘:,?__kj::"y;'#-.‘r_ a7
o -.“_ R w : p \ . ’ o
AR N Y R I R R o"*“v“‘ 40
R Lt Lo TR SR C aran

‘-"’- d ‘t . :t_.;'.~_-j“.- ‘ ".‘p‘ﬁ v‘
| y -t

“tou

Lol T T gtyed
g

£



L w1
‘ A wd Ma“tb‘-“ My gk Q‘ﬂ -0'” i
Mil ‘s i | ' r‘*“ | LR - ‘ ‘
o g M .m Qu ‘\ﬂ ¢ |*4l§
F il b o SNy 8 15 S CN
- ub:'-éq . .a A : :
Vb ami ‘- g -‘ il ot
Yiky n‘PL" aQut' ‘K A r«up N
AR 3L 1Y, u}}4 .t:ﬁ' Yol izen s J[hl "

m:hnoet_w.g;m , : obc.-.-\&.-wf'
"y s (VE | S FEA }\!‘-*L\ * 3
AN LN AT

e
P
[
4 y W
ST NI SR 1 ¥
J"e e -

=1

Ed

Fasietisy




.

ly AR O T s 2 h
g S 'z :“ " i

- t-:»-.“‘“""
' Al il el b

- y ‘v
.,:_. Y = 3] 3 e - “‘

LA, Abaghly
o s L0 L . s oy Jl,b

N e 5 -

18 B = .
by L0 Ao ‘£ Y. 3 A
SHFN AR :

id I AA vu“l‘f')ﬂ’.
ey ';":33* H ; q.-‘»'ﬂ'!él‘i
o ) o TR g*‘r.'. b
’)“‘*ﬂ"f, ¥ v
iwu-':




ESKERS AND KAMES IN SPITSBERGEN 129

- ~—~—
o )

NORDAUST-
Vi Ui

e

' 4 45:"-1‘ : =
- .'J%é i\ = -
H~ .:/ 3'3 E\\, < ‘
{ E - ViR ST PITSBERGEN E—
A 3 ==

¥, LEv
=— W

=
;‘}
X
P
z\:‘ ilé
»)

- =

BARENTSS
EXOH

Fig. 1. Sketch of distribution of eskers and kames in Spitsbergen, valid up to 1963

A. — kames, B. — eskers. These eskers and kames were investigated by: 1 — M. Klimaszewski, 2,3 — S. Jewtuchowicz
4,5 — J. Szupryczynski

a number of short esker forms (Fig. 1, area 2). The largest is 186 m long, oriented
obliquely to the present glacier margin, and running from SE to NW. This esker is
connected with other eskers of smaller size, of 32 to 90 m lengths, thus forming
a pattern resembling a river with its tributaries [7, p. 52] (Fig. 1). Near this esker
system there occur solitary eskers extending in straight lines. The height of these
eskers of the Gas forefield is small, 2 m at the most, counting from their base up.
These eskers are built of material of various fractions. Their structure comprises
sand, gravel, and pebbles of up to 20 cm diameter. In all the eskers investigated,
S. Jewtuchowicz noticed stratified material; but there also were esker sectors in
which the material lacked segregation. Their internal structure indicated their
origin in subglacial tunnels.
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Fig. 2. Esker on surface of Werenskiold glacier. Photo J. Szupryczynski, July 1960
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TABLE 1

STRUCTURE OF THE ESKER’S
FLUVIOGLACIAL MATERIAL

Fraction,

i Weight, in g Per cent

. 10 17,200 4.2
10 — 5 19,700 5.0
SEE—"2 | 36,600 9.2
5 -1 70,000 17.5
1 — 0 77,700 19.4
0:5— 02 100,600 25-1
0:2— 01 57,100 14.3
0-1— 0-06 10,600 2.7
0.06 10,500 2:6
Total 400.000 100.0

)

This fluvioglacial material is angular; its grains are not rounded at all — proof
of a very short distance of transport. The directions of dip and strike of the strata
of this esker are shown in the diagrams attached (Fig. 4). Structural measurements
were made solely in the parts indicating original accumulation. The esker rests on
the glacier, and its slopes are being undermined by meltwater streams flowing over
the glacier surface. In melting, the ice causes heavy disturbances in the material
originally accumulated, as revealed, among other facts, by changes in the dip of
the strata. This esker developed englacially, in a tunnel in the glacier interior. Inside
the esker a distinct stratification has been observed, and on its surface lies a thin

o
/
2
J

Fig. 4. Diagram of strikes, directions, and angles of dip of strata in esker on surface of Werenskiold
glacier

1 — morphological axis of esker, 2 — strike of strata, 3 — directions and dip angle of strata
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Numerous minor eskers have been discovered in the marginal zone of the Nann
glacier on Torell Land (Fig. 1, area 4). A picture of the esker system in the southern
region of this glacier is shown in Fig. 5. Table 2 gives the morphological data for
the individual esker sectors.

TABLE 2
MORPHOLOGICAL DATA OF THE INDIVIDUAL ESKER SECTORS
Direction Longth l a2 a Maximum Maximum
LS of morpho- of crest Midihiofibase height angle of slope
sectors logical axis | m (ca) w0 inclination

m ! m m
I N 15° 9.0 0-1 7.0 4.2 40°
II N 270° 8.0 0-1 7-0 4.2 40°
111 N 200° 15.0 0-1 7-0 4.2 40°
v N 290° 36-0 1-0 5-0 2:6 36°
v N 310° 18.0 3.0 6.0 1.5 36°
v N 280° 14-0 3.0 6:0 1-6 36°
VII a) N 290° 17-0 2.5 8.0 3.8 50°
b) 23.0 2.0 4.5 2.6 30°
VIII N 260° 8.0 1.5 3.0 1-0 30°
IX N 290° 10.0 6.0 8.5 4.2 55°
X N 270° 16-0 0.5 5.0 3.0 60°
X1 N 270° 14.0 6-0 8.0 2.9 32°
XI1 N 300° 55.0 2.0 6:0 3.0 30°
X1 N 315° 33.0 0.1 &.0 3.5 40°

The total length of all twelve esker parts is 233 m. In numerous places, the interior
of this esker is exposed. The esker is built of fluvioglacial material in a variety of
fractions, from silts to sands and coarse gravels. The strata within the esker dip
at 6° to 14°, parallel with the axis of the form. At many places of the crest, a mantle
of till with blocks up to 0:3 m diameter is found — traces of an ablation moraine.
The esker sectors farest to the east rest on the glacier snout. Ice forming the esker
base has also been found in sectors X and XI.

The origin of this esker form is complex. Its eastern part has been deposited in
a tunnel inside the glacier, as implied by the following features: 1. an ice forming
the base, 2. the ablation moraine cover. Thus, sectors X, XI and XII developed
englacially.

On the other hand, the western sectors originated supraglacially in an ice canyon
cleaving the ice to its very base; evidence to this assumption are: 1. the lack of ice
at the esker base, 2. a distinct stratification extending from top to bottom of the
form, 3. here a covering by an ablation moraine is lacking. Therefore, sectors I
to VIII must have developed independently of sectors X, XI and XII, as implied
by the morphological evidence mentioned.

There are also several eskers in the northern region of the Nann glacier, the
largest of them some 140 m long. Its course is linear, the morphological axis running
in a N 250° direction. The height of this esker, including its ice-socle, is 16 to 18 m.
The fluvioglacial material lying on its surface is up to 2-5 m thick. At its base, this



ESKERS AND KAMES IN SPITSBERGEN 135

NANNBRLEN

—N—

Fig. 5. Map of eskers lying in front of snout of Nann glacier

1 — esker sector, 2 — kames (with exception of sector XI showing widening of esker), 3 — ablation moraine, 4 — gla-
cier margin

form reaches a width of as much as 45 m. The ridge is developed in the shape of
a sharp crest 5 to 20 cm wide (Fig. 6); the slope inclination is 38° to 40°. The
fluvioglacial material covering this esker is distinctly stratifield; here and there,
this fluvioglacial mantle is overlain by an ablation moraine. The stratification of
the fluvioglacial deposit extends at 6° to 16° north-westwards. The geological structure
and the profile of this esker indicate its englacial origin. Principal evidence to this
assertion is the covering of the esker by an ablation moraine, and its having develop-
ed on an ice base. It is conceivable, that this esker form is actually of much greater
length, and that, in time, its eastern sectors may emerge yet from the glacier, provided
deglaciation continues in this region.

The remaining eskers occurring in this region of the Nann glacier are of much
smaller size, reaching lengths up to 40 m only, and heights of 8 m, inclusive their
ice bases. These forms also originated in englacial tunnels.

Numerous minor esker forms were discovered on top of the southern flank of
the Torell glacier (Fig. 7); however, due to the expedition’s seasonal work being
completed, no detailed investigations were carried out here.



JAN SZUPRYCZYNSKI

Fig. 7. Area of ‘““‘dead ice”” forms at southern flank of Torell glacier. In middle part distinctly visible
is a crescent-shaped esker, up to 8 m high. Photo J. Szupryczynski, August 1960
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water flowing through the crevasse. On the margin of the Aavatsmark glacier,
M. Klimaszewski discovered a kame ridge of some 350 m length, 3 to 6 m wide
and about 3 m high. This form contained stratified coarse gravel.

In the flanks of the following glaciers: Uversbrae, Comfortles, Aavatsmark,
Osborne, Vestgota and Eidem, well developesd kams terraces have been observed
[9, 10]. They constitute unilateral terraces built of gravels and sands, deposited

Fig. 9. Kame terraces in forefield of Eidem glacier, after M. Klimaszewski. Is-Ice sheet

between a mountain slope and the glacier by the action of marginal flow of meltwater
sireams (Fig. 9).

A few minor kames occur in the forefield of the Gas glacier [7]. In this region, the
kames are spatially connected with eskers (Fig. 1, area 2). They form regular
hillocks up to 2 m high, built of stratified material.

Kames in statu nascendi were observed by S. Jewtuchowicz on the Bunge glacier
(Fig. 1, area 3), rising some 3 m above the glacier surface. The kame forms in the
forefield of the Gas glacier, as well as those on the Bunge glacier, were formed in
depressions covered over, that is, in ice caves with water drainage. For the kames
of the Gas forefield, S. Jewtuchowicz assumes a subglacial origin, whereas, in my
opinion, those on the Bunge glacier developad englacially. The interior structure
of these kames reveals them to have been formsd by material accumulating in
rather inert water.

I also observed numsrous smaller kame forms in the marginal zone of the Nann
glacier [13]. As to their maximum dimensions, they were up to 4-0 m high, some
22 m long and up to 15 m wide (Fig. 10). Built of silts, fine-grained sands and gravels,
they were stratified from bottom to top. The individual layers were deposited nearly
horizontally being inclined but slightly, up to 8°. These kames developed supra-
glacially in depressions of dead ice, reaching down to the glacier base (in the very
thin ice sheet of the dead glacier snout).
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Fig. 2. Homsund. Fuglebergsletta, Erosion proceeding along the fissures. Photo Z. Czeppe
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Fig. 7. Hornsund. One of the barred-lake cascades overflowing the snow-flanked storm ridge.
Photo Z. Czeppe

of July. At that period gravel is carried along the line or lines of current. Lateral
erosion is visible only in the concave sections of meanders. It is helped by nivation
processes connected with the firn patches lying in the shadow of the river banks.
These processes act slowly and do not alter the cross-section of the river bed to
a considerable degree for some years at least. The motor vehicles of the Polish
Expedition used the same crossings for four summers in succession.

In autumn the river is insufficiently supplied with water and slowly freezes thus
having no power to fight with the rapidly built storm ridges and its mouth becomes
sealed again. Next spring the river may cut an outflow channel in quite a different
place. The annual changes of the position of the river outlet result in the broaden-
ing of the lowest section of the river valley. It remains, however, separated from
the sea by a storm ridge and connected to it by a narrow channel only. All the
rivers of south-west Spitsbergen, from river Vimsa north of Hornsund to the river
Luktvassebreia in Sorkappland show this type of ‘“bottle-neck™ outlet.

The facts described above do not agree with the thesis according to which gravel
in periglacial rivers is transported on the whole breadth of the river bottom [3].
It may be true for the big rivers which have enough power to wipe out the barrier
completely. But even the biggest river of the described section of the coast,
Bungebreia, in late October still had an underwater bar checking its outflow.

Activity of rain water is much less important for the development of the relief
han that of the meltwater on the account of both its much smaller total amount
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Fig. 8. Hornsund. Changes in the outlet of the river Revelva

1 — rocks, 2 — undercut edges, 3 — steep slopes, 4 — traces of old channels, 5 — older strom ridges, 6 — fresh accu-
mulation of gravel

and its distribution over time and supply in small quantities. It is mainly limited
to washing off the rock surfaces the sediment left by the vanishing snow. It may
carry away fine material leaving coarse material on the surface of the ground where
the frost segregation could not have achieved this. Rain of longer duration may

wash some waste down the slopes, but it does not seriously influence the water
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CONTENTS OF FIRST VOLUMES OF
GEOGRAPHIA POLONICA

VYol. 1. 11 papers devoted to the present status of geography in Pol-
and and 3 papers giving the results of research., List of Polish
geographers, geographical institutions and geographical periodicals.
262 pp., 20 Figures.

Vel. 2. 34 papers prepared by Polish geographers for the XXth
International Geographical Congress in London, July 1964, 259 pp.,
91 Figures.

Vol. 3. Problems of Applied Geography 1I. Proceedings of the Second
Anglo-Polish Seminar at Keele-Great Britain, September 920, 1962,
Co-edited by the Institute of British Geographers. 21 papers by
British and Polish geographers, 274 pp., 69 Figures.

Vol. 4. Methods of Economic Regionalization. Materials of the Second
General Meeting of the Commission on Methods of Economic
Regionalization, International Geographical Union, Jablonng — Poland,
Septembar 814, 1863, Reports, communications and discussion
200 pp., 6 Figures.

Vol. 5. Land Utilization in East-Central Europe. 17 case studies on
land use in Bulgaria, Hungary, Poland and Yugoslavia.

Vol. 6. 14 papers prepared by Polish geographers for the Seventh
World Conference of INQUA in USA, September 1965, 150 pp.,
86 Figures,
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