








http://rcin.org.pl




http://rcin.org.pl



4 Stanistaw Leszeczycki

In physical geography, itis desirable that investigations
should tend towards as accurate as possible a study of the natural envi-
ronment of Poland on the basis of the deep knowledge of its different
components and of the processes taking place in it; as well as from the point
of view of the possibilities of their economic utilization.

1. THE GEOMORPHOLOGY OF POLAND

Since 1950, all geographical departments in Poland have been working
on a detailed geomorphologic map of the country (in 1:50 000). By 1955
an area of some 50.000 sq. km. had been mapped.

During the first two years, the greatest attention was given to the
elaboration of methods of geomorphological investigation and mapping,
consisting mainly in the registration of land relief forms. In the
subsequent years, investigations were pursued with a view to solving the
principal problem, that is, as regards geomorphology, the morphological
development of the area investigated, its further trend of development,
and mutual relationships with other elements of natural environment 2.
The Five-Year Plan provides for the mapping of a further 50.000 sq. km.

Irrespective of geomorphological mapping, further theoretical
morphological work needs to be done on generalising the results obtained
so far and on deepening the theoretical foundations of geomorphologv.
Here, there are two pressing problems. They concern the characteristic
and the distribution of periglacial phenomena, and the denudation balance
of slopes.

2. THE HYDROGRAPHY OF POLAND

The hydrographical mapping of all Poland has been in progress since
1952. It is intended to register all water phenomena in the area
investigated. Some 30.000 sq. km. had been mapped by 1955, and the
Five-Year Plan provides for the mapping of a further 50.000 sq. km.
Geographers seek by means of detailed hydrographic surveys, to know
water circulation in its mutual relationships with other elements of the
natural environment in each river basin (even the smallest). This mapping
also includes ground water 3.

3. LOCAL CLIMATE

The geographers’ and meteorologists’ 1954 conference, which dealt with
climatic investigations, showed that studies on local climate have been
particularly neglected, and at the same time are badly needed. Therefore,
it was decided, during the Five-Year Plan, to concentrate geographers-
climatologists’ efforts on the elaboration of working methods concerning
the local climate of industrial (urban) areas, as well as of rural and health
resort regions. In the course of five years, the local climate of certain

? See anticle by M. Klimaszewski. The Principles of the Geomorphological
Survey in Poland in this volume p. 32.

3 See article by M. Klimaszewski. The Detailed Hydrographical Map of
Poland in this volume p. 41.
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chosen regions should be examined, and a method worked out for rapid
climatological surveys in the field.

Combined investigations on geomorphology, hydrography and local
climate are to be carried on in the same areas, the most recommended
form being collective investigations, organised as complex expeditions.
The areas investigated should be decided on in agreement with planning
authorities and should be mainly areas intensively invested, or areas in-
sufficiently developed.

In addition to the above, a recommendation has been issued concerning
the undertaking of work on so far in Poland underdeveloped branches
of physical geography, i. e. biogeography, soil geography and oceano-
graphy.

4. THE PHYSICAL GEOGRAPHICAL REGIONS OF POLAND

An attempt was made, in 1946, to divide Poland, in its new frontiers,
into physico-geographical units. This division was revised in 1954, since it
had been based on the former belt distribution of the geographical regions
in Poland, and did not pay sufficient attention to the differences in land
relief and vegetation between the various parts of the country. The new
attempt was worked out by J. Kondracki 1954 % Some progress was
made, but, all the same, further work must be undertaken on the division
of Poland into physico-geographical regions, due consideration being gi-
ven to all the components of the natural environment. Such a division
should include areal units of different orders.

5. PHYSICAL GEOGRAPHICAL MONOGRAPHS OF THE VARIOUS REGIONS
OF POLAND

The work which is to be launched will concentrate on a complex
characteristic of the natural environment, treated as a dialectical whole,
and also on a study of the mutual relationships of all its components
and the processes therein occurring.

At the same time, an estimation should be undertaken as to the
suitability of the natural environment for various branches of national
economy (e. g. industry, agriculture, building), and also as to the extent
of the transformations in natural environment already affected by econo-
mic activity.

In such investigations, attention is particularly needed for the study
of small areas, which have been invested in and transformed (very
numerous forms of human origin), i. e. industrial towns or settlements.
This work elaborated in Poland as a distinct field of investigations within
physical geography is called urban physiography.

*

In economic geography, the investigations will concern the
development and distribution of the different branches of production
and services, inter-connected into regional systems (geographical-

4 See article by J. Kondracki. Natural Regions of Poland in this volume p. 48.
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economic regions) based on the geographical (territorial) division of
labour. In analysing the distribution of production of various branches of
economic life in different regions, it is necessary to take into account:
(1) meeting the needs of the people on a national and regional scale;
(2) the establishment of conditions and possibilities of a further
production increase (socialistic reproduction); (3) the estimation of the
proper utilization of geographical environment in the localization of
production. Attention should be paid to the utilization of the natural
environment so far.

6. LAND UTILIZATION IN POLAND

The preparation of a general land utilization map on a scale of
1:300.000 was begun in 1947. It is based on the 1:100.000 topographical
maps produced during the interwar period. The map, to be finished in
1956, shows areas covered with arable land, forests, meadows and grass-
land, rivers, and settlements.

The need for a detailed map of land utilization has become felt in
recent years in planning offices and by regional planning authorities.
Monographic studies concerning socialised farming units and intensive
suburban economy have also been undertaken. Arable land have been
considered from the point of view of rotation types. Social relations, and
the agrotechnical level of farming have also been taken into account.
In the case of permanent forms of land utilization such as forests,
meadows, pastures, the classification into natural or economic types
has been taken into consideration. In the course of the next five years,
a method is to be worked out for making detailed field surveys on
land utilization. The changes in land utilization over certain areas must
also be studied °.

7. THE ECONOMIC-GEOGRAPHICAL REGIONS OF POLAND

The problem of economic regionalisation has for many years interested
economic geographers. This problem is at the moment being studied
with particular care. since, in addition to satisfying the practical needs,
resulting from a planned economy, it is necessary to work out theoretical
bases for a regional division of socialised national economy. Economic-
geographical regions are treated as being the result of territorial division
of labour.

During the Five-Year Plan, the division of the country into economic-
geographical regions of the first order should be completed; the principles
are to be established for linking them with the administrative divisions
and a division into smaller economic-geographical units is to be carried
out in the case of certain regions.

8. STUDIES OVER THE CONDITIONS OF DEVELOPMENT
OF THE ECONOMIC REGIONS

These studies have for long been closely connected with monographic
works. The problem of regional monographs came to the fore again after
the Second World War. A number of new studies were started, most

5 See article by K. Dziewonski: Detailed Survey of Land Utilization ir Po-
land in this volume p. 26.
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The Polish university system of geographical training 11

determined examinations. Students also had to attend courses and
classes for at least 15 hours weekly (10 hours weekly during the final-
student-year).

There were two groups of examinations. In the first, 8 subjects were
compulsory for all students; in the second, entrants might choose 2 out
of 4 specialised subjects. The examinations subjects were: 1) geology;
2) meteorology; 3) plant and animal geography; 4) ethnology, ethnography,
or anthropology; 5) mathematical geography; 6) general geography; 7) re-
gional geography, with special reference to Poland; 8) philosophy. The
specialised examinations were in: A. Cartography: 9) mathematics; 10)
cartography; B. Geomorphology: 9) regional geology; 10) geomorphology;
C. Climatology or hydrography: 9) geophysics or experimental physics;
10) climatology or hydrography; D. Human geography: 9) history of cul-
ture or economic history or economics, or statistics or sociology; 10) hu-
man geography, or economic geography.

Although the number of examinations was fixed, the studies did not
follow a uniform syllabus, being rather conducted in a different manner
in each university centre as well as varying in scope. Moreover,
geographical studies tended, as the above list of examinations shows, to
be of an encyclopaedic character; relatively little attention was given to
strictly geographical subjects, and the range of knowledge acquired by
the graduate was not adapted to the possibilities and demands of his
occupation. The syllabus of studies for the B. A. did not satisfy various
professors, and it was therefore frequently criticised, with the result that
in 1939 a new programme was worked out. This was, however, never
put into existence because of the outbreak of war.

During the Nazi occupation, the geographical studies were kept going
in underground, in Warsaw and Cracow, on a sylabus which showed
certain changes and corrections as against that effective since 1926

After the war, discussions were started in 1945, on the programme of
university geographical studies; a variety of projects were submitted to
the Ministry of Education. Nevertheless, the 1926 syllabus remained
effective until 1949. It was only after planned economy had become
somewhat stabilised in Poland, only after the completion of a phase of
essential reconstruction and consolidation of the country's social and
economic life, that deficiencies in the number of available experts, and
also the inadequacy of employment for geographers could be fully
assessed. A decision was taken to make good the deficiencies and to ensure
full employment for geographers, in accordance with the needs of
cultural and economic life.

Planned employment of highly qualified geographers could only be
effected given the following conditions: — 1) enrolment for geographical
studies to be in conformity with the possibilities of employment; 2) the
introduction of uniform syllabuses so exactly laid down and pursued that
employing institutions might know what might be expected of a B. A. in
geography; 3) studies to cover a fixed period of time, not to be extended,

!'S. Leszczycki. On Syllabus of Geographical Studies in Polish Universities.
“Przeglad Geograficzny” (Polish Geographical Review). Vol. XXVI (1954) No. 1.
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GENERAL SYLLABUS FOR ALL STUDENTS
(a new scheme for 1956/57)
Years 1 ‘ 2 3 4 5 Total
1. Theory of Socialism ST ST = R e D
2. Political Economy 30 30 — — — 60
3. Philosophy — — 90 — — 90
4. Elements of Pedagogical Sciences — — 60 60 = 120
5. Methodics of Geographical Teaching — — — 112 — 112
6. Geology 180 s ! A% as. 180
7. Mathematical Geography 45 = == = — 45
8. Cartography and Topography 150 — — — — 150
9. Statistics 30 — — — — 30
10. Meteorology and Climatology 60 60 — — — 120
11 Hydrography and Oceanography — 75 — — — 75
12. Geomorphology — 120 — — 120
13. Pedology and Soil Geography — 60 — — — 60
14. Biogeography . — 60 — — — 60
15. Geography of Agriculture — 75 — — — 75
16. Geography of Industry and Transport | — — 60 — — 60
17. Geography of Population and Sett-
lements = = 45 — — 45
18. Physical Geography of Poland — — 60 — == 60
19. Economic Geography of Poland — — 60 — = 60
20. World Regional Geography — — | 150 — = 150
21. History of Geographical Discoveries 30 = — — — 30
22. History and Methodology of Geogra-
phy — = — — 30 30
23. Proseminar of physical geography 60 — 4 i T 60
24. Proseminar of economic geography — 60 - TG aF 60
25. Proseminar of regional geography — — 60 = =3 60
26. Geographical Discussions — — — 28 28 56
27. Geographical Seminars
{(on the special courses) — &S = 56 56 112
28. Foreign languages 120 | 120 = ¥y T 240
Total | 735 | 660 | 585 | 256 *| 114 *| 2350

* Without special courses.
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18 J. Kondracki S. Leszczycki, B. Winid

zlso, for a period of two years, receive a scholarship and accommodaticn
at State expense.

Graduates may prepare for their degree of candidate in geographical
sciences and Doctor in Geographical Sciences at universities and in the
Institute of Geography of the Polish Academy of Sciences.

Needless to say, that our system also has its shortcomings. Students
tend to be overburdened, too little consideration is given to individuality,
and there is not sufficient encouragement to independent work.
Nevertheless, the system has the following important advantages:

1) an extensive, uniform basis for all students;

2) specialisation, adequately intensified and suited to the requirements
of the institutions which employ geographers; hence an extension of the
variety of such institutions;

3) an accurate definition of the scope and essence of what a B. A.
in Geography should be capable of;

4) punctual conclusion of studies at prescribed times, the product of
discipline (compulsory attendance at lectures and exercises, passing of
examinations, etc.);

5) adaptation of enrolment to the possibilities of employment of
geographers;

6) specialisation of the different university geographical centres;

7) the possible employment of all geographers in teaching, as a result
of the compulsory university pedagogical studies;

8) the fact that the State covers the cost of studies, in particular
special studies of scientific workers, through the organisation of
aspirants’ and doctors’ courses.

From the Geographical Department
Warsaw University
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KAZIMIERZ DZIEWONSKI

DETAILED SURVEY OF LAND UTILIZATION IN POLAND"*

The general importance of land utilization survey is twofold:
scientific — for the development of geography and practical — for the
planning of national economy, in particular for the planning of
agricultural and forest production.

Its scientific importance derives from two basic facts:

a) that economic geography as one of social sciences is concerned
with the study of geographical location of production and with conditions
and specific character of its development in different countries and
regions;

b) that economic geography similarly to other geographical sciences
has to begin with study of some concrete material phenomena.

The use of land is just such concrete material phenomenon in which
the whole actual process of production is directly reflected in a synthetic
form closely connected with geographical environment. Its better under-
standing, more detailed study is therefore essential for further develop-
ment of this branch of geography.

At the same time the use by geographers of the concept of
“cultural landscape” involves certain danger of strictly formal, or even
limited to the visual, definition of direct object of our research. By
substitution of land use in place of cultural landscape it is possible to
avoid this danger and to connect the direct material object of our research
with the way in which a man, an human society exploits for its further
development the geographical environment i. e. the surrounding nature.

The practical importance of land utilization survey lies in the detailed
information it gives about forms and localization of production which in
analysis leads to a better appreciation of rationality or irrationality of the
present use and of possibilities of its improvement. It should be stressed
that results of such an analysis may be fully exploited only in the planned
economy, on basis of the social ownership of means and tools of
production.

Such a survey should be obviously very extensive and detailed, it
should include all important elements and decisive factors of land
utilization, classified in relation to basic economic tasks, especially the
productive ones.

* This paper was read and discussed at the International Geography Seminar in
Aligarh (India), January 10th, 1956, and is corrected and developed in the result of
then expressed opinions.
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Detailed survey of land utilization in Poland 29

economy. Three basic types of forests (coniferous, mixed and deciduous?’
serve as basis for classification. These are further subdivided in relation
to soil and water conditions (dry, fresh ana peatbog coniferous forests;
different mixed forests dry and marshy deciduous forests) and predomi-
nating species of trees (pine, spruce, fir and larch; oaks, hornbeam and
beech, ash alder and others). But besides those classes at least partly
connected with native woodland there exist large areas of monocultures
of ipine or spruce. These are to be converted into classes better adapted
to geographical environment because today they are endangered by mass
invasions of different insects and pests. Obviously information about
their localization and condition is then of some importance.

But classification of forests on basis of ecological characteristics is
not sufficient from economic point of view. Age of trees (maturity for
felling) and density in case of complete felling system and average yield
in case of selective felling have to be noted. For state forests (about 85%b6
of all forests) already possessing their cadaster and management plans
the field work is limited to corrections and adaptation of official data —
with private forests (practically all belonging to peasants) problem is
much more difficult and demands more experienced field observers.,

In certain war devasted and depopulated parts of the country an
additional problem arises for surveying. This is the invasion of idle
pastures, meadows and arable land by forest. From naturalist’s point of
view the précess is extremely interesting, from economic one it is
infortunate as such forests, in contrast to properly afforested areas, will
be very irregular and sparse.

The built-up areas or otherwise occupied by settlements are
subdivided into rural (houses and other farm buildings), suburban
(detached, usually one-family houses with vegetable gardens), urban
{multi-family, storeyed buildings), and central urban area (mixed use of
buildings — mainly residential, commercial or industrial).

The subdivision of land of a concrete town into suburban, urban, and
central urban is usually executed on basis of more detailed surveys
prepared in connection with town planning development schemes. The
system of classification of urban land as used by town planners is
extremely developed and precise, and for use in land utilizations surveys
has to be generalized in few above-mentioned types.

Waters are not at present further subdivided but a classification of
their uses is being prepared and during this season will be tested in field
WOrK.

An important problem of land utilization survey lies in the inventory
of unproductive (waste) land. Its extent and classes vary from one part
of the country to another. In agricultural districts it is divided into idle
arable land or meadows and pastures which should be brought back into
production or as in case of fallows intensified by use of proper agrotechni-
que and other land which should be afforested. In industrial regions it is
much more complicated as the productive value of land is usually destro-
yed and its rehabilitation involves at least serious studies, and is often
very expensive. Some special studies of waste land in Upper Silesian Coal
Basin and Industrial District was latcly undertaken by Polish Academy of
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For preparation of qualification maps, maps of different elements of
geographical environment or better the complex maps of such environ-
ment seem to be necessary. In Poland, detailed geomorphological and
hydrographic maps are at present prepared by geographers and proposals
for the map of local climates are under discussion. In few cases (mainly
for river flood terraces and for nature reserves) plant communities maps
were also executed. Detailed geological maps and soil maps are worked
out by special bodies (offices, institutes, and scientific societies). Generally
speaking all these different types of maps are uncoordinated. Maps are
being prepared for different parts of the country and their contents often
are based on divergent concepts and- collected by completely different
methods.

The preparation of the qualification maps is farther complicated by
the fact that in the above mentioned physico-geographical maps the most
important for land utilization problems are usually omitted or only in-
directly indicated. Complex and dynamic map of geographical environ-
ment is obviously necessary, showing the decisive formative factors.

In these conditions an effort is made to prepare qualification maps
independently at least for time being from the other physico-geographical
maps and based solely on the field observations. However elaboration of
such maps creates some difficulties and for this reason we have so far no
definite concept of this map. We hope to work it out during coming sur-
veying season and to present it for discussion by the end of the present
year.

The whole work on detailed land utilization survey was started in
1954, So far we have achieved an almost fully developed concept of the
work to be done. By next year we should be able to present a monograph
of land use in one of agricultural districts (powiats) in northern Poland
with complete sets of all proposed maps. Work on two or three other
powiats should be at the same time well advanced. Then the moment will
come for wider discussion of the value of proposed methods and obtained
results, and way for more ambitious programme of work shall be open.

Frcm the Institute of Geography
of the Polish Academy of Sciences
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THE PROBLEM OF THE SURVEY

The conception of the geomorphological survey of which the outcome
is to be a Geomorphological Map of Poland arose out of the endeavour to
gain a more accurate knowledge of the relief as one of the elements of
the natural environment, from the desire to become acquainted with the
relief not only from the qualitative but also from the quantitative aspect.
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Geomorphological survey of Poland. Areas mapped 1n 1950—1955

In order to obtain an exact morphological characterization of an area, it is
not enough merely to determine a number of forms of certain genesis and
age, but it is also essential to know their distribution and mutual
relations (8).

Geomorphological survey is not only a question of making a map. It is
concerned with the shifting of geomorphological studies on to more de-
tailed, more systematic investigations of the relief of the earth surface.

.

Przeglad Geograficzny — 3
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42 Mieczystaw Klimaszewski

PRESENT STATE OF RESEARCH

In 1951-52, work on the Hydrographical Map of Poland was being
carried out in only a few centres (Cracow, %.6dz, Poznan)?, while since
1953 it has been in progress in all Polish university centres. During the
period 1951-54, the hydrography of an area of 32 000 square kilometres
was mapped, and in 1955 an area of 11 700 km?.
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Hydrographical survey of Poland. Areas mapped in 1950—1955

The investigations are being carried out by scientific workers from
the Geographical Institute of the Polish Academy of Sciences, as well as
from the staff of the university departments of Geography, especially
of Physical Geography. From 80 to 130 persons annually take part in the
field work. These are mainly university lecturers, graduate students and
senior students, and with increasing frequency teachers of geography
from the secondary schools. The task of the Cracow and Torun
Hydrography sections of the Geographical Institute of the Polish
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investigate the course of soaking, evaporation, accumulation in surface
and underground reservoirs, outflow in the form of springs, and finally
the underground and surface outflow in the form of sheet flow and
surface drainage. Accordingly the hydrographer ought, in his hydro-
graphical survey, observe, record, examine, and localize all those water
phenomena and objects which render it possible to gain a knowledge of
underground retention (reservoirs of underground water), temporary
retention (bogs, marshes, quagmires), surface retention (lakes, ponds),
sheet and linear flows (surface drainage). This extensive field of
investigations and complex treatment differentiate the hydrographer
from the hydrogeologisi, whose work is limited exclusively to
underground waters (1, 2, 7, 8). Recently, in 1955, it was announced that
work had been started on a Hydrogeological Map of Poland on a scale
of 1:300.000, on the basis of bore-hole, geological and hydrological
materials (6).

Underground water reservoirs are determined and maiked on the
basis of analyses of springs, wells, bore-holes and damp ground, connected
with the knowledge of the geological structure of the area under
investigation (permeability, water-bearing strata, and impervious strata).
Information on the distribution and capacity of underground water
reservoirs in mountainous areas is given chiefly by springs, while there
are wells, bore-holes and damp grounds (10) which give information on
the distribution, depth and capacity of underground water reservoirs in
highland or lowland regions or within the valley bottoms and
intermontane basins, as well as pits in mining districts (5).

Permanent and periodical peat-bogs, permanent and periodical
marshes, and partly overgrown lakes, i. e. quagmires (reservoirs of water
under a plant cover), are investigated and mapped as temporary retention
reservoirs.

The ranges of damp ground at various seasons of the year, the
consistency of the quaggy layers, and their origin, should be investigated.

Both natural (lakes, oxbow lakes) and artificial reservoirs (fishponds,
pools, dam reservoirs, irrigation furtows) are investigated and mapped
as reservoirs of surface retention. The form of the lake basin (bathymetry),
the fluctuations in water-level, the thermal conditions, freezing, optical
phenomena, progress of overgrowth, etc. are also investigated.

The hydrographer seeks to gain a knowledge of the character and
course of the inflow and outflow of surface waters by the investigation
and mapping of all springs and streams of every kind (perma-
nent, periodic, and episodic). The places in the stream beds where
water appears and disappears are noted and mapped (fissures, river rock
waste, bogs), as well as overgrown and damaged sections of beds, sand or
pebble (gravel) banks, waterfalls, and rapids, and all artificial
constructions such as stone troughs, stairways in the beds, gravel barriers,
mill-races, irrigation furrows, canals, embankments, etc. In addition,
areas flooded annually or in time of disastrous inundations are marked
on the map.

Measurements of the speed of flow and temperature are also carried
out, as well as observations on the course and duration of freezing,
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transport of material rolled along or in suspension, as well as pollution
by town or industrial sewers.

Field work is carried out in summer (July and August), and is limited
mainly to single-measurements and observations. e. g. the yield of springs,
depth of the water table, volume of flow, etc. The Hydrographical Map
therefore presents the hydrographical data characteristic of and proper
to the period in which they were observed. For this reason, the period of
the investigations is always noted on the map resulting from the survey.
This renders it possible to link up single but dated observations and
measurements with the regular daily observations and measurements
carried out by the stations of the State Institute of Hydrography and
Meteorology measuring precipitation, river water-level, and ground water-
level. Such linkages give an idea whether the hydrographical relations
observed in a given period of time are characteristic of a period of high or
low precipitation and of the high, medium, or low water-levels.

The lack of regular measurements and observations of every mapped
phenomenon carried out over a longer period of time is certainly a serious
defect, and lessens the value of the map. In order to prevent this, at least
partially, we collect information from the local population, e.g. on changes
in the yield of springs, the range of damp ground, the fluctuations in the
water-table in wells, lakes and rivers; on the regularity of streams, the
range of floods, ice-covers, etc. An attempt is also made by gaining the
co-operation of teachers and even of school-children in the carrying out of
regular measurements and observations (e. g. every ten days).

The Hydrographical Map gives information on the distribution,
situaticn, and depth of reservoirs of underground water, sometimes on the
resources and direction of the flow of underground waters, their surface
outflow in the form of springs, seepages, and marshy places, the quantity of
water flowing out during the period under observation, on the forms and
directions of the sheet-flow (permanent, periodic, and episodic streams),
the approximate volume of the flow at average water-level, the range of
flood waters, the transport of rock-waste, and finally on the pollution of
rivers.

Thus, the Hydrographical Map considerably advances the knowledge
of the water conditions in Poland, but we are aware of shortcomings. The
Hydrographical Map gives a great deal more than the topographical map
which has hitherto been the only and very inaccurate source of information
as to water conditions, specially the river network and damp grounds. It
gives a general view of the hydrographical conditions but it does not
give their full picture (9). The preparation of a hydrographical map, giving
an idea of the circulation of water within particular, sometimes even
small, river basins, and the water conditions of each region, requires
a great deal of work, a closer network of stations measuring precipitation,
river water-level, ground water-level, and evaporation, and an increase
in the number of observers and research workers; it demands the
co-operation of hydrologists, hydrogeologists, and hydrographers.

The contents of the Hydrographical Map of Poland now being drawn
are as follows (3): the water phenomena and objects have been drawn on
the hypsometric map (scale 1:50.000) showing the orographic relations,
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beechs, planes (Acer pseudoplatanus) and oaks (Quercus sessilis) are not
found in the eastern part of the Lake District, while a northern variety of
the spruce does make its appearance. On peat-bogs can occasionally be
found tundra remnants, such as e.g. the Salix Lapponum. A relatively
large percentage of the land is used as meadow and pasture, and the
western part of the Lake District is under cultivation to a larger extent
than the eastern, which is more wooded.

(A5 The Wielkopolska (Greater Poland) and
Kujawy Lake District is, by contradistinction with the re-
gions described above, to a greater extent dismembered by river valleys,
and lakes are fewer. On an area which almost equals that of the Pome-
ranian Lake Districts there are only some 1700 lakes, with a joint surface
of 530 square kilometres. Glacial relief forms were developed during the
older (the Brandenburg and Frankfurt) phases of the Wiirm glaciation
period, while the highest points are lower than in the Pomeranian and
Mazurian Lake Districts, reaching as they do the height of a mere 220
metres in the western part, and as little as 200 metres in the eastern. The
belt of Frankfurt Stage moraines, which runs West to East across the
very centre of this region is intersected by three transversal glacifluvial
channels, made use of by the river Notec in its upper course, the Warta
and the Obra. The Warta has effected the deepest erosion of the three,
and re-modelled the former glacial lake channel into a river breach,
shifting its course the marginal Warsaw-Berlin old valley in the South
to the Torun-Eberswalde old valley in the North. Climatically speaking,
this area belongs to the driest in Poland, a fact which can probably be
ascribed to its position within the “rain-shadow’” of the Pomeranian
Lake District, situated to the North-West of it; the precipitation nowhere
exceeds 550 millimetres annually, while in the peripheral valleys it falls
even below 500 millimetres. Winter is relatively short (from one to one-
-and-a-half months), and the vegetative season lasts some six to seven
months. Fine beech forests are to be seen on the terminal moraines in
the western part of this Lake District, while its eastern part has long
been farmland, practically entirely. unwooded. On its wide-spreading,
sandy old-valley terraces dunes occur and pine forests grow.

(A6) The Southern Wielkopolska (Greater Po-
land) Lowlands contrast as a unit with the preceding region by
reason of the relief type, which has some bearing upon hydrological and
soil conditions. This region also exhibits certain specific features as
regards climate and vegetation; these features. the outcome of geogra-
phical position, make the region more like highland districts. These diffe-
rences in relief consist in the lack of young glacial forms with de-
pressions without outlet and with dead ice hollows, as well as in a pre-
dominance of periglacial relief features which developed in the Riss
(Saale) glaciation forms. In the southern part of these lowlands, a cha-
racteristic hill range is formed by moraines of the Warta stage, which,
resting as they do here upon a somewhat higher-reaching Tertiary sub-
stratum, attain, though strongly denuded, a height of 289 metres. Hydro-
graphically, the region falls into three parts: the direct basin of the Odra,
the Warta basin, and partly the Vistula basin. Post-glacial lakes are
not to be found. Climatically, the central part of this area belongs
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(A9) The Lublin Polesie forms western part of the great Polesie
region, situated to the West of the Bug Valley. The characteristic fea-
ture of Polesie is the presence of extensive, sandy or peaty accumulation
plains with shallow ground waters, which in places form lakes. These
plains are varied by hillocks, comprising deposits of the Riss glaciation,
modified by periglacial conditions. Shallow-lying Cretaceous deposits
occur in the substratum. As regards land utilization, this region consists
principally of sparsely populated bogs, meadows and forests.

B10) The Sudeten Mountainsandtheir
Foothills. The basis for the delimitation of this region is its geolo-
gical structure and the highland-mountain character of its landscape.
This region forms part of a larger unit, the Czech Massif, distinguished
by its powerful dislocations of Tertiary faulting, in the shape of ridges
of a highly diversified structure. Enormous granite intrusions, rimmed
by metamorphic rocks occur here, together with fragments of old Paleo-
zoic folds and of sedimentary Mesozoic mantles. The mountain tops bear
traces of peneplain, while tectonic-denudational basins have the form of
pediplains. A huge marginal fault divides the area of the mountains
proper — from 700 to 1100 metres high — from the foothills, of identi-
cal structure, but lying considerably lower between 200 and 400 metres,
with the highest monadnock reaching 719 metres (Slgza). The highest
parts of the West and East Sudeten, however, reach heights of more than
1400 metres, the highest peak being 1603 metres (Sniezka). The climate
of the Sudeten Mountains is humid, cool and windy, since the geogra-
phical situation expose them to the oceanic polar air masses, flowing in
from the western half of the horizon. Szklarska Poreba, a locality situ-
ated at a height of 640 metres, has an average yearly temperature of
+5.6°C, an average January temperature of —2.9°C, and an average
July temperature of +14.9°C, while the summit of the Sniezka (1603
metres) has a yearly mean of +0.1°C, —7.1 for January and 8.3 for
July. The natural primitive vegetation cover has undergone consjderable
alterations owing to the economic activities of man. The original fir and
beech forests have been replaced by spruce monocultures, the highest
range line of which runs as low as at 1250 metres, while higher up the
Pinus mughus appears. On the flat mountain tops can be seen in places
peatbogs with remnants of tundra vegetation.

(Cl11) The Silesian—Lesser Polish Uplands
(Wyzyna Slasko-malopolska) constitute an independent unit, being both
a geographical area and a natural region, because of its not very exteh-
sive surface and the similarity of its paleogeographic development. This
unit is built of Mesozoic post-Hercynian (Triassic-Cretaceous) mantles,
from under which two Paleozoic domes emerge in the western and
eastern parts of this area — one of them in the Silesian Uplands and
the other in the Kielce-Sandomierz Uplands, with the Creataceous Nida
Basin separating them. The whole area underwent strong denudation
during the Tertiary, while towards the close of this period there occurred
upsurges which caused the cutting down of the valleys. During the
Pleistocene, it was covered with products of the Mindel glaciation follo-
wed by strong periglacial denudation, which left mere tattered frag-
ments of the old morainic mantle. On the North, the boundary of these



http://rcin.org.pl




NATURAL REGIONS
OF POLAND

OM TECTONIC AND GEOMORPHOLOGIC
BASIS

by Jorsy Kondrecii
Seala 1:4 000000

Esplanahan:

Cosslal plans, dallas. river lafracan asd alluwial plang

7 Ares of the Werm glaciation with channed lakes and
id oeaih e oo

Eﬂhﬂmmdhpﬂqrmlnh

F:'a T sostbaen hmil of the Wurm-glecisiion
E Araa ol The Hisa glaciscn with periglacisl forms

# ™l The sostharn Bmit of the Riss gacistion

Graded Masotaic slalnasuy was Pliscanic vallegs snd
persglacaal dorma

[ -

Im firndad Archiman and Palsssoc mansls,
rapivenslad ey

e

Maocanic plabssus in ihe Subcarpsthisn Depratsan
[partly compred with Plaiviocesa)

T8 moaiiharn himil ol the Mindsl glacistion
o

M‘&E hron of Fiyseh folds

_ Crimlallina bleca with Mastgoic cower

- Mourdens ol solosna ohgn

A THE CENTRAL EUROPEAN PLAM
Thas Western Pomerssisn Cossial Ragion
The Essiarn Pomerssian Cossial Repion
The Pomersnisn Laks Districn
Tha Maguriss Laks Disteei
Tha Lake Disirict of Qrealer Polend snd Kuavy
The Southers Lowlsnd of Gresisr Polsnd
The Siewan Lowlmnd
The Lowiands of Maisvis=— Podlisi
The Wesiarn [or Lublin] Polssis Lowlesd
B THE CZECH MASSIF

B Tha Swdeien Mowstsing and their Foofhdly

i THE PLATEAL OF SALESIA —LESSER POLAND
. 12 THE PLATEAL OF LUBLIN

THE SUBCARPATHIAN DEFRESSIONS
13 Tha Razibors = Diwagcim Bann

14, Tha Sendomisrs Bass

F. THE CARPATHUANS

15 Tha Fiysch Carpathises [Baskidy)
B The Waeslers Cesarad Carpaihiass

C e T

m o 0

Frinted by Wydawniciwa Geologicane Warizawa 1956

http://rcin.org.pl



Natural regions of Poland 57

move eastward. These differences find their expression in the course of
the eastern boundary of the range of the fir and of the beech, which
appear only west of the line of the Wieprz Valley, as well as on the
Roztocze anticline. Precipitation here (from 550 to 700 millimetres) is
somewhat smaller than on the Silesian - Lesser Polish Uplands; the
number of days of frost (about 60) is greater, while the summers are
warmer. In Lublin, the average January temperature is —3.5°C, for
July +18.4°C, and for the year +7.4°C. The soils are mostly fertile,
brown developed on the loess substratum or of the rendzins type, but
chernozem soil is also found, particularly in the South-East. Among the
natural plant associations, many steppe elements are to be found.

(E13) The Raciborz—OS$Swiecim Basin occupies
the western part of the sub-Carpathian subsidence area. Overlying
fairly shallow-lying Paleozoic foundations, occur deposits of Miocene
transgression, covered by strongly denuded products of the older
Quaternary period. This region, situated between the Sudetens, the
Carpathians and the Triassic escarpments of the Silesian — Lesser Poland
Uplands, is connected by means of “entrance gates” with the Sandomierz
Basin in the East, the Moravian Basin in the South-West, and the Silesian
Lowlands in the North. The basin floor, transversed by the watershed of
the Vistula and the Odra, lies at a level of from 260 to 290 metres, while
the valleys of these rivers have been cut down some 60 to 100 metres
below that level. Climatically and biogeographically, this region is
subjected to influences coming from the South-West, through the
Moravian Gate.

(E14) The Sandomierz Basin isan extensive, triangular
tectonic depression, situated between the Carpathians, the Silesian -
Lesser Polish Uplands and the Lublin Uplands, and filled in by Miocene
deposits. The older substratum here reaches down to a depth of
700 metres. Much as in the case of the Raciborz — Oswiecim Basin, we
distinguish here two morphologic levels: 1) the upper surface, rising to
a height of approximately 250 metres, made up of Miocene deposits and
covered by strongly denudated Mindel glaciation deposits; and 2) the
valley bottoms, filled in by alluvial deposits of the Carpathian rivers, and
cutting down to a depth 6f from 50 to 80 metres below the upper surface.
The soils in this Basin are mostly sandy, and of poor fertility.. Their
situation at the foot of the Carpathian Mountains ridge finds its climatic
expression in the appearance of Fohn-like phenomena, similar to those of
the Silesian Lowlands; these phenomena, however, appear only in the
western part of the Basin, in the Tarnéw District, while the Sandomierz-
Rzeszéw District, situated farther East, is cooler, less wet and more
continental. Thus Tarnéw has an average January temperature of
—1.8°C, July +19.1°C, and mean annual —+8.8°C, while for Jarostaw the
respective figures are —3.6°C, +18.2°C and —+7.6°C. The river regime
is a function of the climate prevailing in the mountains — not in the
depression — and characterized by frequent catastrophic summer floods,
csused by heavy rainfall up in the mountains. Fairly considerable forest
areas have still been preserved in this Basin, particularly in its north-
eastern part.
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relief, with cirques, trough-valleys, lakes and waterfalls in the heart of
the mountains, while morainic ridges have been piled up at the foot of
the mountains, and, in Podhale, gravel sheets have been formed along
river valleys. Even nowadays, the climate of both Tatras and Podhale
is the most severe in Poland: it has the most prolonged snow cover,
ranging, according to height above sea level, from four to eight months,
the heaviest precipitation (np to 1700 — 1800 millimetres), mostly during
the summer season, while the winters are relatively sunny and dry. The
fohn winds here reveal a typical development, and occur most frequently
in the spring and autumn. Vegetation exhibits marked wvariations, in
accordance with the ecological conditions: it forms six vertical zones,
from the foothill agricultural zone in Podhale up to the region of rocks and
snow patches*. Both the flora and fauna here exhibit numerous remnants
of the glaciation periods.

In order to give a clearer idea of the size of the regions discussed
above, we give the surface of the enumerated units of a higher rank
geographical regions) within the boundaries of Poland:

(A) The Polish Lowlands (9 regions, forming part

of the Central European Plain) . . . . . . . . . 227.000 sq. km.
(B) The Sudetens (part of the Czech Massif) . . . 9.500 sq. km.
(C) The Silesia — Lesser Poland Uplands . . . . 30.000 sq. km.
(D) The Lublin Uplands (part of the Black Sea

Plateau) . . 3 L . . 12,000 sq. km.
(E) The Sub- Carpathlan Basins . . . . . 16.000 sq. km.
(F) The Carpathians (within Polish terrltory) . . 17.000 sq. km.

The attached map, scale 1:4,000,000, has been worked out on the basis
of a simplified and modified geomorphological map, taken from the
Atlas of Poland, reduced to half its size.

The above division into reglons does not conform with that
traditionally accepted in Poland, viz. six horizontal zones, based chiefly
on hypsometric conditions, and partly also on structure. The new division
takes into account to a greater extent the differences and similarities in
the geomorphological development of the several regions, as well as —
in so far as possible — climatic, vegetation and soil differences.
Unfortunately, our knowledge of the various component factors of the
natural environment is still very inadequate. Hence, the regional division
suggested above cannot be considered as final, and a closer study of the
natural environment will, in all probability, introduce certain
modifications, which will find their expression in the distinguishing of
a greater number of regional units.

* These vertical zones' are: 1. the sub-mountain zone, from 700 to 1000 metres;
2. the fir and beech forest zone, from 1000 to 1250 metres; 3. the spruce forest zone,
from 1250 to 1600 metres; 4. the sub-Alpine (Pinus mughus) zone, from 1600 to
1850 metres; 5. the Alpine zone, from 1850 to 2300 metres; and 6. the nival and
bare rock zone, above 2300 metres.
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As regards the basin of the Odra and of the Baltic Pomeranian slope,
the study of lakes was based exclusively on maps in scale 1:25,000; as
regards basins of the Vistula, the Niemen and of the rivers falling intc
the Vistula Lagoon, various maps were used in the investigations in scale
1:100,000 being the basis, supplemented by auxiliary ones in scale,
1:25,000 and 1:84,000.

In preparing the Catalogue, all former studies and lists of lakes were
taken into account. Foremost among these are the works of W. Halb-
fass and A. Seligo, who have listed certain of the lakes
of the Pomeranian Lake District. The Mazurian Lakes have been
treated by G. Braun and A. Willer. A list of lakes in
Greater Poland is given by H. S c h iitze Ilists of the Tatra
Mountains lakes by K. Sliwierski and J. Szaflarskij,
and a list of the Wlodawa-Leczna lakes by T. Wilgat.

The Catalogue of Polish Lakes is divided into 13 sections, each dealing
with a definite lake group. This classification sought to take into account
the division of Poland into hydrographic and morphologic units. The
alphabetical list of lakes in each part of the Catalogue contains the
following data: — 1) the consecutive number of the lake; 2) name; 3) sur-
face to within 0.1 ha.; 4) height above sea level to within 1 m.; 5) length in
metres; 6) width in metres; 7) the geographical latitude and longitude of
the centre of the lake to within 0.1°'; 8) the appropriate administrative
unit.

In addition, the general part of each section of the Catalogue includes
statistical data showing the number of lakes in the various basins,
the area in each case, the height above sea-level, the number of lakes
with or without an outlet, as well as a list of the larger lakes, the soun-
ded lakes, and- lakes classified according to administrative districts, voi-
vodeships and per sheet of the 1:100,000 maps. Finally, there is, at the
end of the general part, a bibliography relative to the lakes in each

group.
THE TOTAL NUMBER AND AREA OF LAKES

The total number of all Polish lakes with an area of more than 1 ha.
is 9,296, the combined area — 316,927 ha., which is 1.016 per cent of the
total area of the country (311,730 sq. km.).

The following table classifies lakes according to size and number:

Number

Size in ha. | & <l %of totalj Area in ha. |¢ of total
P s Td el 50.93 |  10,387.8 3.28
5 10 | 1,316 14.16 | 9,239.4 2.91
10 — 20| 1,091 11.74 15,263.6 4.82
20 50 | 1,043 11.22 32,747.9 10.33
50 — 100 533 5.73 36,783.2 11.61
100 — 1000 545 586 @ 136,262.3 42.99
above 1000 34 0.36 76,242.8 24.06

Total | 9,206 |100.00 | 316.927.0 | 100.00
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Attention is directed to the fact that the 34 largest lakes account for
a much greater area than do the entire 7,184 lakes with an area of from.
1 to 50 ha., while the largest of all, Lake Sniardwy, accounts for 3.36 per
cent of the combined area of all lake surfaces, i. e. a considerably greater
percentage than is covered jointly by the most numerous group of small
lakes, comprising 4,734 units.

The following is a list of the largest lakes:

Height
N e Region .Area Pepth above sea Origin
of lake in ha|in m. jlevel in m.

1 Sniardwy Mazurian Lake|10,660 25.0 116.0 moraine
District

2 Mamry Mazurian Lake(10,450 40.0 116.0 moraine
District

3 Lebsko West Pomera- | 7,530 5.6 0.3 coastal
nian Coastland

4 Miedwie West Pomera-| 3,667 42.0 14.0 ice-channel
nian Coastland

5 Jeziorak Mazurian Lake, 3,230 12.0 99.0 ice-channel
District

6 Niegocin Mazurian Lake; 2,669 40.0 116.0 moraine
District

7 Gardno West Pomera-| 2,500 2.8 0.3 coastal
nian Coastland (and moraine}

8 Goplo Greater Poland| 2.340 | 15.7 77.0 ice-channel
Kuiavia Lake
District

9 Jamno Pomeranian 2,290 3.0 0.1 coastal
Coastland 1

10 Ro$ Mazurian Lake| 2.212 26.0 115.0 ice-channel
District

11 Wigry Mazurian Lake| 2,166 73.0 132.0 ice-channel
District

Omitted from the list is Lake Dabie, a stretch of water at the mouth
of the Odra. This lake, having an area of 55.7 sq. km. and a depth of
4.2 m., is of deltaic origin. It actually forms, as is proved by the height
of the water level, a part of the widely embranched Szczecin Lagoon.
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AREA OF LAKES IN THE PRINCIPAL RIVER BASINS

Of interest are the areas of lakes in the principal river basins and
catchment areas on the Polish territory, as shown in the following table:

; |Lake area in
Blavsiins Area | Number Area of per cent of

sq. km. | of lakes | lakes in ha.| “total area

Baltic: 310.854 9,296 316,927.0 1.019
Vistula 173,725 3,818 129,328.0 0.735
Odra 105,667 3,235 96,004.0 0.908
Coastal Rivers 28,995 2,034 82,424.4 2.842
Niemen 2,467 209 9,170,0 3,717

North Sea: 265 — — —_
Elbe 265 — —_ —

Black Sea: 610 — — —
Danube 382 — — —
Dniestr 228 — — —

Total for all Poland 311,730 9,296 316,927.0 1.016

The major part of the Niemen basin lies in the zone of the Baltic
Lake Districts and almost one half of the Odra basin lies in lake
districts. The Vistula basin, however, is mostly outside the lake districts,
the limit of lake groupings being far removed northwards.

DEPTH OF LAKES

Taking into account the investigations carried out on the Catalogue,
1,113 lakes had, up to 1952, been sonded in Poland, i. e. 11.97 per cent of
all lakes with an area of over 1 ha. The total area of lakes sounded was
206,295.1 ha,, i. e. 65,09 per cent of all lakes.

The proportion of lakes investigated in each size group is shown in
the following statement:

Total Totalarea Sounded lakes

Size class

number of lakes : f total | A 9 of total

ha. Number | # of tota rea of tota
of lakes ha. number ha. area
1 — 5| 4,734 10,387.8 72 1.52 215.4 2,07
10 1,316 9,239.4 84 6.38 617.8 6,68
10 — 20 1,091 15,263.6 99 9.07 1,438.4 9,42
20 — 50 1,043 32,747.9 215 20.61 7,029.6 21,46
50 — 100 533 36,788 2 217 40.71 15,323.3 41.66
100 —- 1000 545 136,263.2 392 71.93 105,425.8 77,37
above 1000 34 76,242.8 | 34 100.00 76,242.8 100.00
Total 9.296 316,927.0 1,113 11.97 206,293.1 65,09

Both the group of Suwalki lakes in the Niemen basin and the group
of Mazurian lakes have been fairly well investigated. The smallest
proportion of lakes studied relates to the Odra basin, the group placed
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last being the Pomeranian lakes in the basins of the Notec and of the
rivers flowing directly into the lower Odra. Even the lakes of the Greater
Poland-Kuiavia Lowland have been subjected to a more thorough
investigation. The most thorough studies have been carried out over the
Tatra lakes.

In spite of the fact that the lakes to be sounded were selected, and
that priority was given to lakes of larger area, the list of maximum depths
of lakes investigated does give a general idea of the depths of Polish
lakes. The following statement shows that these lakes are mostly over
10 m. in depth, 507 lakes sounded, out of 1,113 (45.5 per cent), being thus
classified.

The lakes are divided into depth groups as follows:

Maximum depths of lakes sounded in metres
0 10 20 30 40 50 60 70 80 90 100 110 Total
507 296 1163 92 |32]17| 1|3 | 1]|—]1 Lu3

The deepest is Lake Hancza in the Suwalki Lake District — maximum
depth, 108,5 m., which makes it one of the deepest lakes in the entire
European Plain.

Depths of over 50 m. are considerable, when it is remembered that
such giants as Lake Aral or Lake Victoria only slightly exceed this depth,
attaining 62 and 79 m. respectively (5). The Polish lakes characterised by
the greatest depths are, in the lowlands, channel lakes (“Rinnenseen”)
and so-called ‘“kettles”, and in the mountains, cirque lakes. The latter
are of small area but have a disproportionately great depth. The
determining factor in the depth of lakes is origin, the principal kinds of
action producing great depths being the erosive operation of subglacial
melt waters, the eversive action of glacial waterfall or crevass waters
dropping from great heights, or the exarative activity of mountain
glaciers.

Coastal lakes and those formed by the action of ground moraines are,
on the other hand, usually shallow, although of great surface area. The
Lebsko coastal lake, with an area of 7,530 ha., is only 5.6 m. deep; the two
shallowest of all coastal lakes, Liwia f.uza and Mod!la, are only 2 m. deep.
Lake Wielimie, formed by a ground moraine, has an area of 1,830 ha.,
but has a maximum depth of only 6 m.; the Polish lake with largest
surface area, Lake Sniardwy, has a maximum depth of only 25 m.

The 23 lakes with depths of over 50 m. are all either channel lakes
in the lowlands, or cirque lakes in the Tatras.

Some Polish lakes, at their maximum depth or even over the whole
base of the bottom, reach down below sea level, forming a so-called
cryptodepression. There are 24 such lakes among those sounded.

Cryptodepressions are also formed by inland lakes which have,
covering a large part of the bottom, great maximum depths; these fill
deep ice-channels, reaching below sea level. The number of lakes with
cryptodepressions is probably much greater than at present recorded;
further soundings will no doubt reveal a certain number.

Przeglad Geograficzny — 5
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VOLUME OF LAKES

The volume of a lake depends not only on the area, but above all on
the average depth — an important morphometric index. Lakes with
a large area, but low average depth may have a lesser capacity than
smaller, but deep, lakes. Thus, for instance, the great RLebsko coastal
lake, with an area of 7,530 ha., but with an average depth of only 2.2 m,,
contains 160 million cu. m. of water, while Lake Drawsko, a quarter that
area — 1,862 ha., but with an average depth of 20 m., contains 357
million cu. m. Lake Wielimie with an area more or less equal to that of
Lake Drawsko — 1,830 ha. — but with an average depth of 2.7 m.,
contains only 50 million cu. m.

A review of the lakes sounded shows that the majority of Polish
lakes are not of excessive depth. The average depth of 143 lakes of
Greater Poland is, according to the calculations of H. Schiitze,
6.5 m.; the average depth of the GostyA lakes, comes, according to J. J a-
czynowski to only 3.6 m. A somewhat greater average depth
(8 m.) was recorded by W. Halbfass for the Pomeranian lakes. If 5 m.
is taken as the average depth, the volume of all Polish lakes with
a combined surface area of 316,927 ha. will amount to 15,846 cu. km.
This equals about 1/12 of the total volume of precipitations throughout
the country.

LAKES WITHOUT OUTFLOW

Lakes in considerable numbers have no visible outflow on the surface.
The distribution of depressions without outflow is strictly dependent on
the morphogenetic character of the landscape of lake districts. The most
typical depressions without outflow have persisted in young post-glacial
environments. There are also many lakes without outflow on sanders
and in dune regions.

The following constitutes a statistical compilation of lakes with and
without outflow in the Odra basin:

Size class | Lakes with outflow Lakes without outflow Notsl
, - ota

ha. Number [ A Number ' 9
1 — 5 546 36.7 943 63.3 1,489
5 — 10 279 54.9 229 45.1 508
10 — 20 307 69.8 133 30.2 440
20 — 50 326 79.5 84 20.5 410
50 — 100 171 87.7 24 123 195
100 — 1000 180 96.3 7 3.7 187
above 1000 6 100.0 — — 6

Total | 1.815 56.1 1420 | 439 3,235
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DISTRIBUTION OF LAKES

The proportion of lakes in the total area is shown on the map. This
map has been prepared as follows: — the areas of lakes were calculated
on basic fields of 100 sq. km. each, and isarythms were drawn according
to the following designation: — areas without lakes or where lakes cover
less than 0.1 per cent of the area — left white; the subsequent isarythms
are drawn for values of 1, 2, 3, 5, 10 and 15 per cent. Also plotted on
the map are the southern limits of lake ice-channels.

RAw )3 7’

The distribution of lakes in Poland

An analysis of the map showing proportion of lake areas shows that
there is above all a striking difference between the northern zone,
abounding in lakes, and the southern zone, almost entirely devoid of
lakes.

In the northern zone are grouped 8,401 lakes, i. e. 90.37 per cent of
the total number. They have a combined area of 310,069 ha. which
corresponds to 97.84 per cent of the area of all lakes. The proportion of
lake surfaces to the entire zonal area is 2.676 per cent.
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The southern zone, on the other hand, embracing the greater part of
the country, has only 895 lakes; with a total area of 6,858 ha. This makes
a percentage of only 0,035 of the total area of the zone. The scarcity of
Jakes in the southern zone is to a certain extent compensated by artificial
reservoirs, but even if all these, with a combined area of 35,293 ha., are
included, the proportion of stagnant waters rises only to 0.22 per cent.
Thus, the difference between the proportion of lakes in the two zones
remains enormous.

Nor is the northern zone uniform from the point of view of the
density of lake distribution. As the map shows, it is possible to define
three great lake district regions: — a) the Pomeranian Lake District;
b) the Mazurian Lake District; ¢) the Greater Poland-Kuiavia Lake
District. The proportion of lakes in these regions is shown on the
following table:

Proportion of lakes General
grea P | proportion

Lake District .
in sq. km. INumber % Areainha| % of lakes in%

Pomeranian 48,370 4,129 49.15| 115,280 | 37.18 2.383

Mazurian 34,722 2,695 32.08 | 145,227 | 47.00 4.183

Greater Poland

— Kuiavia 32,768 1.577 18.77 49,562 | 15.82 1.513
Total 15,8601 ‘ 8,401 100.00 310,069 100.00 2.676

a) The Pomeranian Lake District occupies the area between the
valley of the lower Odra and that of the lower Vistula. In the south it
is bounded by the old Warta-Note¢ valley, and on the north by the
Baltic coastline.

Areas with frontal moraines show a particularly large number of
lakes. Isarythms with values of more than 2 per cent follow closely the
principal courses of frontal moraines, bend far towards the south near
the lower Odra and lower Vistula, into which the glacial tongues forced
their way, and run almost parallel to the Baltic coast in the central part.

Starting from the west, it is possible to differentiate four smaller
component lake districts: — those of MyS§liborz, Watcz, Drawsko and
Kaszuby. The largest absolute proportion of lakes (15.0 per cent) is found
in the region of Lake Miedwie in the Myéliborz Lake District. In the
Walcz Lake District, situated further east, the proportion of lakes reaches
6.38 per cent. The central part of Pomerania is crossed by deep lake
channels, which occupy in places as much as 12.4 per cent of the area.
Finally, there is the Kaszuby Lake District — the most extensive —
occupying the highest rise of the whole Pomeranian Lake District belt.
Here, the hilly landscape is crossed by deep and powerful lake channels.
The largest percentage of lakes is found in the regions of Chojnice —
10.7 per cent.

To the north of the main belt of the Pomeranian Lake District, the
lakes disappear. Between the lake district belt and the Baltic coast are
pressed extensive planes of the ground moraine, cut up by old valleys,
broad and flat. The coastline itself is also characterised by the presence
of large areas of stagnant waters. They are the coastal lakes, formed
from ancient bays, and separated from the sea by spits of land.
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b) The Mazurian Lake District extends between the lower Vistula
and the middle Niemen. The landscape of that region differs from others,
in that the lakes are concentrated in a relatively restricted space, limited
by the lines of terminal moraines; hence the proportion of such to the
total area is very high, amounting to 4.18 per cent. Areas devoid of
lakes are the waterlogged depression of the Vistula Delta, the Warmia
coast, the narrow belt along the lower Vistula valley, and the regions of
Bydgoszcz and Torun.

The highest percentage of lake area is in the region of the great
Mazurian lakes with the Lake Sniardwy and the Lake Mamry system.
Lake Sniardwy is the largest in Poland with an area of 106.6 sq. km.,
and a maximum depth of 25 m. The Lake Mamry system lies north of
Gizycko and has a total area of 104.5 sq. km. The height of the water level
is the same throughout the system — 116 m. above sea level. A third
major water reservoir is constituted by Lake Niegocin with an area of
26.69 sq. km. This.part of Poland has the highest proportion of lake sur-
face; in the environs of Lake Sniardwy it reaches 36.1 per cent, and in
the Lake Mamry system — 34.7 per cent.

¢) The Greater Poland - Kuiavia Lake District. This is the
southernmost lake district in the entire European Plain. Like the northern
lake districts, this one is closely linked with the existence in a given
region of terminal moraines. The maximum percentage of lake surfaces
in the western part of the district is 3.22. To the north, in the region
between the rivers Warta and Noteé, the surface proportion of lakes is
3.36 ver cent; in the south, that percentage reaches, near Przemet, — 6.1
per cent. In the eastern section of the district, there are a number of large
chains of ice-channel lakes, particularly the great chain of Gopto lakes,
75 km. long. The largest, Lake Goplo (the so-called ‘“Mare Polonicum"),
famous in early history, has an area of 23.4 sq. km. and is 23.8 km. long.
In this region, the percentage area of lake surfaces is 8.27.

d) The Southern Zone. The percentage of lakes in southern Poland
is extremely small, amounting to only 0.035 per cent. Of lakes with an
area of more than 1 ha., 895 have been counted, with a total area of
68.6 sq. km. They are dispersed and of various types: — periglacial, river,
marsh, ice-channel, solution, and mountain-glacier.

The Leczna-Wiodawa Lakes form a separate major group, passing
towards the east into the Polesie lakes. Within the present Polish
frontiers there are 68 lakes of marsh origin, and filling deep subsidences
caused by solution processes (22).

Another isolated group are the Lakes of the Tatra Mountains,
comprising a total of 120, of which 43 are on the Polish side of the fron-
tier. They are mostly cirque lakes, relatively small in area, but very deep.
On the lake map they form, as it were, a small, isolated area, where the
maximum proportion of lake surface is 1.23 per cent of the whole. There
are two similar lakes in the Sudety Mountains.

Artificial lakes compensate, in part, for the lack of natural lakes in
the southern zone. These artificial lakes include retention reservoirs in
river valleys, reservoirs for fish breeding or for industrial purposes, and
large retention reservoirs for water level regulation on important
navigable rivers.
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a) Cirque lakes, found at considerable heights; in the Tatras, these
appear in two principal belts: — between 1,500 and 1,600 metres, and
between 1,900 and 2,000 metres above sea level. Cirque lakes are
considerably smaller than the lowland lakes of the Polish lake districts,
in shape oval or round, and occupying hollows gouged out of sheer rock
by the exarative action of glaciers. Although small in superficiel area,
they are of great depth. For instance, Wielki Staw (the Great Lake) in
the Dolina Pieciu Stawoéw Polskich (Valley of the Five Polish Lakes)
has an area of 34.1 ha. and a depth of 79.3 metres.

b) Moraine lakes in mountain regions are much shallower and have
partly changed into marshes, e. g. the Stawy Toporowe in the Tatras.

In addition to these lakes, there are in Poland others of different
origin, having been formed by: — a) the cutting off of maritime bays;
b) the filling up with water of depressions between dunes; c) dissolution
and subsidence of ceilings in calcareous and gypsum rocks; d) the cutting
off of one-time river beds in the valleys of large rivers.

The cutting off from the open sea of bays on the Baltic coast has
produced a number of coastal lakes individually considerable in area. The
shores of these lakes are flat and marshy, the beds silted; they are divided
from the open sea by narrow tongues of dune land, formed by the
action of winds and coastal maritime currents. Lake Lebsko (75.3 sq.
km., 5.6 m. deep), is the second largest in Poland.

Rain water, or — in favourable conditions — ground water, often
accumulates in the depressions between dunes. Thus the land becomes
waterlogged, and even shallow dune lakes — particularly numerous in
the dune belt between the rivers Warta and Note¢é — may be formed.
The water level in dune lakes tends to vary — they often dry up to
reappear when the ground water table rises again. These ephemeral lakes
are also largely connected with the vegetation which maintains the
equilibrium in the water balance. The destruction, in 1923, of forests by
the pine moth in the Warta-Note¢ dune area, caused new lakes to
appear.

The subsidence of the ceiling of calcareous and gypsum basements
causes the formation of Karst lakes. Within the frontiers of Poland,
this type of lake is found in the Leczna-Wilodawa group of lakes. The-
se lakes are as a rule located completely in chalk marl and are fed by wa-
ter flowing through fissures; they are remarkable for purity of water
and for considerable depths, the deepest being Lakes Piaseczno (38,0 m.),
Biale (39.6 m.) and Krasne (33.0 m.).

Since a great part of the Leczna-Wlodawa lakes owe their existence to
difficult subterranean drainage, ground water comes to the surface in
depressions and forms ground water lakes — shallow, with marshy and
inaccessible shores.

Finally, lakes in river valleys are a common phenomenon. The Vistula
and the Warta alike flow through valleys abounding in lakes, larger or
smaller. These are meander lakes, characterised by their curved shape.
Such lake systems usually appear in their full extent after floods, when
water remains for some time in the old, cut off, river beds. In some of
them it remains all year round, as, for instance, in Lake Czerniakéw
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in Warsaw. In view of the small size and the variability of lakes of
this type they have, for the most part, been omitted from the Lake
Catalogue.

HOW OLD ARE THE LAKE DISTRICT LANDSCAPES ”

All Polish lakes are in a state of gradually disappearing. Biological
processes, accumulation, outwash and, recently, irrigation work — all
these factors are causing a steady reduction of lake areas.

Observing the contemporary rapid shrinkage of aquatic surfaces, it is
frequently difficult to find the link between the origin of Polish lakes
and the distant Glacial Period. The high proportion of lakes which have
survived in all lake districts, and in particular the exceptional morphologic
freshness of the hollow forms, are — to say the least — amazing. They
can be explained only by the successive changes in the climatic environ-
ment of the last glaciation. %

The climate of the last glaciation may be divided into three main pe-
riods: 1) early glaciation — the period of transgression of the ice; 2) the
full glaciation — a protracted period of maximum extension of the ice
sheet; 3) the late glaciation, of particular importance to the present dis-
cussion on the origin of lake district landscapes. During this period a nota-
bly warmer and damper climate caused the ice to retreat, moraines to
form, the enclosure of blocks of dead ice, intensive action of thaw-waters,
oscillation of the ice-sheet and renewed freezing.

In order to understand fully the origin of lake district landscapes and
to determine their age, it is particularly important to consider the part
played by dead ice blocks enclosed in accumulation masses. The melting
of dead ice is connected with the postglacial thermal optimum, which
took place some 4,300 years B. C. The origin of all kinds of small concave
forms or of great lake channels is, it is true, connected with the Pleisto-
cene climatic environment, but is was only the warm climate at the
beginning of the Holocene which was the liberating factor.

The warm climate of the postglacial thermal optimum, following di-
rectly on the prolonged cold period, was a major morphogenetic factor.
The melting of dead ice in boulder clay deposits, of ice preserving lake
channels, of winter ice enclosed in sanders or lenticles or wedges of ground
ice — all these contribute to a general rejuvenation of the postglacial
land relief. Whole labyrinths of ice channel lakes and innumerable small
basins made their appearance and were immediately filled with stagnant
waters. As a result of intensified erosion, a great number of river sour-
ces affected the water catchments; the lakes either flowed out or chan-
ged into flow-through lakes and certain channels were turned into river
valleys.

The melting of dead ice transformed and rejuvenated the postglacial
relief. Hence, the freshness of lake district landscapes is to a large ex-
tent a secondary, relatively juvenile phenomenon of the postglacial age.

THE SOUTHERN LIMIT OF LAKE DISTRICTS

The border between the northern zone, characterised by a massed and
compact appearance of lakes, and the southern zone, at present almost
entirely devoid of lakes, mayv be called the soutkern limit of lake districts.
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This southern limit is also a visible morphologic boundary of two different
kinds of postglacial landscape. The landscapes in the lake district belt are
clearly defined by a complex of extremely fresh forms, numerous hills,
sharp, irregular declivities, ungraded rivers, numerous enclosed areas, and
a large number of lakes. Glacial accumulation areas south of this line are
represented by completely different sets of forms. In the forefield of the
icecap, intensive forces were in action in periglacial climatic conditions,
reducing and grading hilly forms and filling in hollow forms. The lake
districts of previous glaciations disappeared in periglacial and interglacial
climatic conditions. Only in certain places are any traces of them left in
the form of peaty depressions. Hence the great morphologic differences
and the scarcity of lakes in central and southern Poland.

The period of melting of dead ice blocks during the post-glacial
thermal optimum was the same for all lake districts. The genetic unifor-
mity of these territories is shown in the investigations by, among others,
S. Majdanowski on the distribution and density of lake
channels, and in particular in the investigations on the direction of the
limit of lake channels in Poland and in the European Plain. It is also
shown in the investigations by R. G al o n which demonstrate the
almost identical degree of duration or disappearance of lakes in 211 Polish
lake districts.

The sudden disappearance of lake channels on the border of groupings,
the almost complete destruction of lake forms in the southern zone, and
the enormous morphological differences on the two sides of this line are
proof of an important difference in age as between the two zones, equal
at least to the duration of one interglacial. The southern limit of lake
channels and grouped lake districts unquestionably divides the deposits
of two different glaciations, and it therefore constitutes the index of the
furthest southern extent of ice during the last Baltic glaciation. The gla-
cial deposits between the Baltic and the limit of lakes belong to a single
glaciation. Morphological elements of the marginal zone of the last gla-
ciation (Wirm) must be sought on the limit of the lake districts.
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dant. According to some investigators, the interglacial is represented by
the well-known Eem deposits, appearing on the lower Vistula territories
in the form of intermorainic sediments. The fact, however, that such
deposits seem to occur on several levels (a secondary layer, perhaps?),
undermines to a considerable extent their stratigraphic position.

For these reasons, last glaciation sediments constitute a particularly
interesting object of geomorphological studies. The desire to know, in
the light of recent landscape forms, the exact process of glaciation and of
its gradual retreat, is, however, not the only consideration which makes
the landforms the chief criterion of reference in the study of such ques-
tions; also involved are such circumstances as the scantiness of the exist-
ing paleontological data capable of explaining the problem of the ma-
Ximum extent of the last glaciation and of the number and the limits of
its respective recession and oscillation stages, or the stratigraphic varia—
bility of glacial deposits.

The most striking progress in the geomorphology of the terrltory of
the last glaciation in Poland has been made since the Second World War.
What first aroused particular interest in the territory in question was the
preparation of a General Geological Map of Poland — scale 1 : 300,000 —
in connection with which numerous detailed studies have been under-
taken dealing with particular end-moraines, outwashes, valley terraces,
etc. But of still greater importance to the study of the landforms of the
territory of the last glaciation is the geomorphological mapping (scale
1:25,000 or 1:50,000), started in 1950 and supported by a set of special
studies of either a monographic or of a general review character.

The cartographic and descriptive material available, collected from
articles and studies by various authors, furnishes a sufficient basis for
a rough sketch of a synthetic picture of the last glaciation on the terri-
tory of Poland. A morphological map, compiled by L. Rosz k 6 wn a,
is included here as a supplement.

2. THE SOUTHERN LIMIT OF THE LAST GLACIATION IN POLAND

The problem of the southern limit of the last glaciation has a history
of its own reaching back to the beginning of the present century. The
proper basis for a solution was reached only when the presence of lakes,
a typical characteristics of the territory of the last glaciation, was taken
as criterion of reference. First to take note of the fact was Tiet z e,
and the discovery was practically applied by (among others) P. W o 1 d-
s t e d t, in his numerous papers on glaciation limits on the territory of
the German and Polish Plain.

In recent years, the question has been takenup by S. Majdano w-
s ki (26, 27), who has reached the conclusion that it is not so much the
lakes as the subglacial lake channels, superior to the lakes themselves,
that provide the best morphological criterion for distinguishing old
landscapes from young. They constitute a perfect expression of the dyna-
mics which shaped the landscape; “while the existence of genetic links
with the belts of end-moraines and outwashes facilitates the interpreta-
tion of the last-glaciation limit in the proper sence of a marginal zone of
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inland ice* (27, p. 111). In its main outline, the southern limit of the last
glaciation as fixed by M ajdanowski confirms that fixed by Wol d-
st e dt. However, the former has brought to light some hitherto neglec-
ted details in that limit, such as, for example, the interlobate curve of
the ice margin in the vicinity of Wrzesnia which constituted the initial
boundary between the Vistula and Odra lobes.

The discussion on the limit of the last glaciation is, however, still
going on. In Poland, it is mainly carried on by geologists and paleobotanists.
The fact of the occurrence south of the boundary of lakes characteristic of
the territory of the last glaciation, of numerous flat closed depressions
(kettles), in some cases going even to what is called the Warta Stage,
has already been noticed by Wunderlich (46). Jessen and
Milthers (15) consider these depressions as lake basins formed
during the preceding glaciation and filled with peat and soliflual sand.
The distribution in Poland of such lakes has been given by A. Kalniet
{16). In view of the presence of numerous closed depressions (kettles)
south of the last-glaciation area, Woldstedt had originally regarded
the Warta Stage as a separate glaciation, while R. Grahmann (10)
thought it to be the extreme limit of the last glaciation.

The question of the relation of the Warta Stage to the last glaciation
calls for comment. There are three different conceptions:

1. that the last glaciation limit follows the southern boundary of
lakes or lake valleys, and the Warta Stage constitutes a final phase of the
penultimate glaciation;

2. that the Warta Stage represents the farthest extent of the last
glaciation;
3. that the Warta Stage constitutes a separate glaciation.

Most authors support the first conception. B. Halicki (1I),
although he has identified on Poland’s territory a considerable number
of glaciations, has seen no reason for accepting a separate glaciation of
the Warta. He thinks the Warta Stage a recession stage of the Middle
Polish glaciation. Thus, the Warta Stage is divided from the maximum
stage of the penultimate glaciation by an interstadial, and from the last
glaciation by an interglacial. That is also the view of Woldstedt (45),
who also adds that that stage must have been of a slightly different
character.

W. Szafer (40;, on the other hand, who prepared a synthesis of the
Pleistocene in Poland, based upon a study of fossil flora from 266
localities in the country, has adopted a different attitude, more in line
with that of the supporters of the second conception. The object of his
considerations was the problem of the prehistorically important
Aurignacian interstadial. In his opinion, that interstadial, characterized
by a cool climate, lacked phases that might prove an advanced recession
of inland ice. According to Szafer, the Aurignacian interstadial
divided the Warta Stage, regarded here as the oldest stage of the last
glaciation; from the” Brandenburg Stage. Recently. a Soviet investigator
also, AAN.Mazarovitch (28), has come to the conclusion that the
Flaming and Warta Stage end-moraines should be regarded as corre-
sponding to the Kalinin-Orsha-Minsk moraines, which constitute beyond
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Fig. 1. Hypsographic curves of some selected end-moraines of the last glaciation
and of the Warta Stage

(a) Warta Stage, (b) Brandenburg Stage, (c) Frankfurt Stage, (d) Foreland of the Pomeranian Stage
(near Wiecbork), (e) Pomeranian. Ci. the topographic contour maps corresponding to each of the
respective hypsographic curves (Figs. 2a, b, ¢, d, e)
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slopes, originated by erosion, suggesting the existence of young glacial
landscape.

With a view to comparing the dynamics in the Waria Stage end-
moraines landscape with that of the marginal forms of the principal
stages of the last glaciation, hypsographic curves have been prepared by
A. Waskowska? for selected sections of the principal end-moraine

ahte

Fig. 2a. End-moraine landscape of the Warta Stage

belts from the Warta Stage to the Pomeranian Stage. Also prepared at
the same time were special topographic contour sketches of such end-
moraine sections. The fragment selected to represent the Warta Stage
came from the vicinity of Tuszyn (figs. la and 2a), that for the Branden-
burg Stage, from the neighbourhood of Osieczna (figs 1b and 2b). The
difference between the dynamics in the respective landscapes of the two
stages is very striking. From the contour sketch of the Warta Stage end-
moraine fragment, it can be seen that the area presents a completely
erosionally-denudational landscape with flat elevations (hills) and distinct,
regular slopes, and with none of the characteristic forms of glacial depo-
sits. On the other hand, the end-moraine at Grodzisko near Osieczna
represents a well-preserved topography of ice margin accumulation with
numerous small hills and unequal depressions (kettles). The double fall
of the hypsographic curve is the outcome of that end-moraine’s being
situated on the edge of a moraine plateau over a large former-lake de-
pression of erosional (fluvioglacial) origin. A fundamental morphological

2 M. A. Degree thesis, in MS, Torun. 1955.
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difference between the Warta and the Brandenburg stages is also clear
from the diagrams prepared in 1938 by R. G al o n (3) illustrating the
number of closed depressions lying south of the Baltic Sea down to and
including the Warta Stage. The diagrams fully confirm that the Warta
Stage was separate from the last glaciation; and the demonstrated mor-
phological contrast between the Warta and the Brandenburg Stages has
been explained only in recent years, with the discovery of the characte-

Heights in meters i

]

Fig. 2b. End-moraine of the Brandenburg Stage

ristic forms of periglacial sculpture, common on territories south of the
Brandenburg Stage, i. e. of the farthest limit of the last glaciation during
wliich a separate periglacial sculpture took shape adjacent to the ice-sheet.

Let us now in turn give some consideration to a glaciation established
by B. Halicki (12), the so-called North-Polish or North-Polesie
glaciation. Its deposits and forms have been preserved on the surface
only in north-east Poland, because in the other parts, the author explains,
the deposits have become covered up by the sediments of the last
glaciation. The problem is of great importance to the present considera-
tions, since in Halicki’ s scheme of six glaciations these moraines are
treated as younger than the Warta Stage, which he places within the
Middle-Polish glaciation. Though originally inclined to identify the
North-Polish glaciation with the Warta Stage, placing its limit (like
Woldstedt) towards Podlasie and Middle Poland, Halic ki has
now parallelled the North-Polesie (or, as it is now called, North-Polish)

Przeglad Geograficzny — 6
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glaciation with the Moscow Stage which is regarded by N. Sokolow
as a separate, penultimate glaciation, and has drawn its boundary north
from the Warta Stage (and from the Podlasie Stage, as conceived by
B.Z aborski)in the direction of the upper Narew and Bialystok. The
Warta Stage is concealed under the deposits of the North-Polish glaciation,
the course of which further westward is unknown. Halicki does not
think it impossible that that glaciation may take in the moraines of
Czerwony Bor, Milawa, and the Ciechan6éw area. Further west, he
maintains, the North-Polesie glaciation sediments are hidden under the
deposists of the last glaciation. The North-Polesie glaciation is said to be
“characterized by disappearing lakes and relics of subglacial lake
channels, numerous closed depressions and valley eskers” (12, p. 98).
Thus, it is a relatively young landscape. This is also the opinion of
J. Nowak (32), in her description of the landscapes of the Pleistocene
glaciations in Poland. She also finds that the areas of the Warta Stage
and the North-Polish glaciation manifest certain similarities as regards
landscape, but differ in the degree of weathering of their morainic
deposits. S. Pietkiewicz3 who bases his views on exhaustive
investigations, corroborates the description of the North-Polish glaciation
landscape presented by Halicki and Nowak, but — agreeing here
with the views professed by Soviet authors — he defines that glaciation
as a stage of the Middle Polish (penultimate) glaciation. Certainly, it can
in no way be considered as a phase of the Baltic (or last) Glaciation. In
place of the term ‘“North-Polish glaciation”, Pietkiewicz suggests
“North-East stage”, in view of the extent and the direction from which
the ice -sheet proceeded.

3. GENERAL MORPHOLOGICAL CHARACTERISTICS OF THE LAST
GLACIATION

Knowledge concerning the morphology of the territory of the last
glaciation in Poland is not uniform, and therefore the degree of detail in
the map included here varies. Nevertheless, the cartographic picture
given permits of a fairly exact reconstruction — far more exact than has
ever been possible heretofore — of the course followed by the recession
or oscillation phases, in the light of clearly-marked belts of end-moraines.

The area covered by the last glaciation in Poland grows very narrow
towards the east, making a zone some 300 km. wide to the west of the
Vistula and only 50 to 70 km. on Mazury territory. In view of the fact
that the territory of the Mazurian Lake District includes all the stages
and phases of the ice-sheet’s retreat appearing over the wide area west
of the Vistula on the territory of Pomerania and Wielkopolska, it may
well be imagined how compressed are the end-moraine belts in the
Mazurian Lake District and how highly differentiated its landscape
must be.

On reaching its maximum extent, the last glaciation dwindled
gradually. The successive recession stages, combined with inland-ice
oscillations, left their mark in the shape of major end-moraine belts.

3 Information received from the author by letter dated December 1955.
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lobe which protruded from up the present Vistula valley ¢, but also by
the number of smaller lobes, like the Odra, the Obra, the Mosina, and Wrze-
$nia lobes, preserved in semicycles of end-moraines. W. Nechay (31)
assumed the end-moraines of Ziemia Dobrzynska (east of the Vistula
valley) to be a consequence of a great inland-ice oscillation (the “Do-
brzyn oscillation”). The forms taken by the Frankfurt Stage are common
and typical on the territory of Poland. There are many closed depressions,
indicating the young age of the landscape. The example herewith of the

Fig. 2c. End-moraine of the Frankfurt (Poznan) Stage

landscape of that stage from the Poznan area, Morawska Goéra (figs lc,
2¢), is not fully representative of the landscape characteristic of that
stage, owing to the close vicinity of the Warta valley, which must
undoubtedly have hastened its denudational and erosional transformation.
In the light of morphological criteria, the Frankfurt Stage must
certainly have been an important stage in the last glaciation, and it is
hardly possible to agree with those German investigator who, as J. E.
Mo js ki reports (30), questions whether the importance of the Frank-
furt Stage is on an equality with the other stages. Though it is true that
there is so far no stratigraphic proof or the existence of an interstadial.
between the Brandenburg and the Frankfurt Stages, nevertheless the
transgressive character of that stage, evidenced by the presence of nume-
rous moraine ridges, especially the large Vistula lobe, and by the strong

4 Excluded from the present considerations is the problem of valley glaciation.
advanced by J. Lewinski (23), S. Lencewicz(22).
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development, both horizontal and perpendicular, of the end-moraine,
indicates a considerable degree of independence of the Frankfurt Stage.

C. In between the main belts of end-moraines of the Frankfurt and
the Pomeranian Stages, there appear numerous smaller or larger end-
moraine belts, representing the phases of the retreat of the ice-sheet
between the Odra lobe and the Vistula lobe of the Pomeranian Stage. The
question now arises whether the more important of the marginal zones
correspond to certain greater phases of the retreat of the ice-sheet, and
thus show a similar character to that of the stages described above. This
problem is analysed by P. Woldstedt (45), St. Pietkiewicz and
R. Galon (6). The cartographic picture included herewith, showing the
course of the marginal zones is more detailed for the area north of the
Noteé ice-marginal streamway (Urstromtal) than for that sauth of it. The
main morphogenetic traits of the whole of the interstadial area can,
nevertheless, be gathered from the picture.

Behind the principal zone of end-moraines of the Frankfurt Stage
south of the Note¢ ice-marginal streamway, there appear several belts of
end-moraines having an oblique or lobal course. The most important,
that passing from the mouth of the Gwda to the Note¢ in a south-easterly
direction, has been defined by P. Woldstedt (43, p. 61), as the Cho-
dziez Stage (“Kolmarer Stadium”). These various marginal forms, which
in some places assume the character of creased moraines, are matched on
the east bank of the Vistula valley, near Lipno, by numerous small belts
of end-moraines, mostly lobal in character. The marginal zones
mentioned above are connected on one side with the wide Vistula. lobe of
the Frankfurt Stage, and on the other constitute the margin round the
great Torun-Bydgoszcz basin which facilitated the protrusion of inland
ice there in the form of a wide lobe. P. Woldstedt regards the Cho-
dziez Stage as the beginning of the great Vistula lobe of the Pomeranian
Stage. The ice-sheet uniform frontill then, was gradually divided to form
the Vistula and the Odra lobes. To judge by the curves formed here by
the moraine ridges, interlobal contact took place near Walcz. A similar
belt of end-moraines, identified by B. Krygowski® and named by
him, the North-Poznan end-moraine, runs across Gorzéw — Czarnkow —
Gniezno.

I do not imagine that this end-moraine belt has the character of
a stage in the full sense of the word. I am rather inclined to regard it
simply as a major recession and oscillation phase subsequent to the
Frankfurt Stage. Nor does it seem likely to me that the North-Poznan
moraine (or, the Chodziez Stage) mark the beginning of the great Vistula
lobe of the Pomeranian Stage. Moreover, it can also be seen from the
attached map that the further recession phases, especially those in the
vicinity and to the north of the Drweca and Note¢ ice-marginal stream-
ways, have most commonly a latitudinal direction. Hence, the oblique
position of the Chodziez Phase would be due to certain local causes (the
Torun-Bydgoszcz basin, and possibly the Vistula valley near Wloctawek);

5 In an explanation attached to his MS map of the morphogenesis of the Wiel-
kopolska district (1955).
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as soon as such causes disappear, as is the case further north, the marginal
zones of inland ice resume their latitudinal direction.

Particularly interesting are the marginal zones shaped in the form of
two rows of high isolated hills, located along both banks of the Noteé
“Urstromtal”, so close to it in places, that the slope of the moraine hill
merges into that of the valley, giving in effect uncommonly large relative
heights (e. g. Debowa Gora, 143 m.). The elevations contain a core of
Pliocene silt, with some traces of glacial dislocation; on the outside, they
are made up of boulder clay and sand. So far, genesis of the elevations
remains obscure. Owing to their height they have been considerably
affected — particularly these situated immediately over the Noteé ice-

marginal streamway — by denudational and erosional processes, and
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Fig. 2d. End-moraine from the neighbourhood of Wiecbork

transformed into hills of an erosional sculpture. However the original gla-
cial character is beyond doubt. It seams most probable that during the
oscillation of the ice-sheet there must have been here some elevations of
the substratum, which became intensified owing to the pressure of the
ice-sheet, dislocated, and then covered over with glacial and fluviogla-
cial sediments. Detailed investigations now tbeing pursued seem to con-
firm this thesis.

Northward from here, both to the west and east of the lower Vistula
valley, appear numerous marginal zones running with some slight lobal
curves, mostly in a latitudinal direction. This is perfectly ilustrated on
the attached geomorphological map. Particularly distinct belts of end-
moraines have been found between the Vistula and the Brda, and in
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many cases the data obtained confirm the correctness of the observations
presented by G. Maas in 1900 (25)% R. Galon (6) has discovered, on
the area between the Noteé¢ ice-marginal streamway and the Pomeranian
Stage, the presence of some 26 marginal zones, spaced at an average of
3.5 km. from one another. Also, west of the lower Vistula valley and north
of the Drweca valley, many end-moraine belts have been traced, broken
here and there by forms left behind by dead ice (37, 42).

The question now arises whether there does not exist, somewhere
among those marginal zones which stretch between the Drweca and Noteé
ice-marginal streamways and the Pomeranian Stage, a zone of stadial
significance. The question is real, since the investigations of the past
decade have revealed the existence there, especially in the environs of
Wiecbork, of some hitherto .unknown, mighty end-moraines with a real
height of up to 40 m. (5). They also have their equivalent cast of the
Vistula valley, in the impressive end-moraines of the Wabrzezno area.

The topographic contour sketch and hypsographic curve of the
moraine hill near Wiecbork (shown at figs. 1d and 2d) illustrates perfectly
the morphological character of that forrn, and goes far to prove the recent
nature of the glacial sculpture there. S. Pietkiewicz mentions
a Krajna Stage, while Woldstedt (45 p. 364) is inclined to assume
that the Tuchola — Wabrzezno — Itawa — Szczytno — Etk indicates the
initial (oscillative) phase of the Pomeranian Stage. Certainly, the marginal
zone in question is remarkable for its outstanding end-moraine landscape
which does not differ from the end-moraines of the Pomeranian Stage (cf.
figs. le and 2e); all the same there are no grounds for considering those
moraines as constituting a separate stage or even a projecting phase of
the Pomeranian Stage. One can speak rather of a northward intensifica-
tion of the sculpture of glacial landscape, of its increasing freshness; i.e.
a longer period of recession must be assumed, lasting until the Pomeranian
Stage and interrupted by numerous phases of retreat or even by slight
oscillations (e. g. near lake Charzykowo, north of Chojnice), accompanied
by processes of melting of stagnant ice and the shaping of the so-called
dead-ice landscape (e. g. near Wabrzezno).

D. The Pomeranian Stage has little, morphologically to distinguish it
from the preceding recession phases. As demonstrated by R. Galon (6),
the relative heights of moraine hills are similar, and the greater absolute
height of the Pomeranian Stage moraines is a result of the greater abso-
lute height of the moraine plain which rises to its maximum height (over
200 m.) on the territory of the Pomeranian Stage. It has been demonstrated
also that the main zone of end-moraines of the Pomeranian Stage com-
prises numerous closely placed moraine belts; that means that the Pome-
ranian Stage is made up of a number of recession or oscillation phases,
similar to but more concentrated than those noted on the foreland. Are
we, therefore, justified in regarding the Pomeranian Stage moraines as
equivalent to those noted on the foreland?

The criterion for distinguishing the Pomeranian Stage from other,
older forms, is their morphological contact. Belts of end-moraines on the
foreland of the Pomeranian Stage run as a rule in a latitudinal direction,

§ F. Wierciszewski. M. A. Degree thesis, in MS, Torun 1955.
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whereas the end-moraines of the Pomeranian Stage, protruding semi-
circularly on to the territory of the older moraines, cut them at various
places (cf. map.). Undoubtedly, what is being dealt with here is a decisive
oscillation of the ice-sheet, with a return of glaciation which, by way of
the Pomeranian Stage, again covered territories already freed from ice.
In the process, the ice-sheet damaged or destroyed the end-moraines
formerly created, which have been preserved only on the space between
the lobes, often showing through the covering outwash. Following

2 2 'lﬁ

Fig. 2e. End-moraine of the Pomerania Stage

the same latitudinal direction, there run end-moraines differing directio-
nally from moraines of the older phases, the direction being in turn adap-
ted to the shape of glacial lobes (6, p. 56—57).

This directional divergence as between the end-moraines of the
Pomeranian Stage and these of the foreland of that stage, may have been
the result of tectonic movements which caused the differentiation of the
subglacial surface on the territory situated near the Baltic, particularly
over the lower Odra and lower Vistula, and also the rising of those great
lobes, so characteristic of the Pomeranian Stage. Thus, these tectonic
movements must have taken place during the oscillation of the ice-sheet
at the beginning of the Pomeranian Stage or in the interstadial just
preceding it (cf. 6, p. 67).

In accordance with the above views, the farthest limit of the
Pomeranian Stage on the territory of Pomerania is determined by the
end-moraines of the Vistula and Odra lobes. In a few places, they are
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detritus through gravitational transport is counterbalanced in the known
manner, by products of weathering. An equilibrium balance results in
uniformity of slope gradient. Steep, young slopes reveal positive balance,
while negative balance of denudation is characteristic of old, gently
inclined slopes.

The investigations now proceeding concerning slopes in Poland are
pursued in consonance with views commonly held concerning morpholo-
gic studies. The various slope forms are recorded and classified from the
point of view of processes responsible for shaping them, while the
processes are evaluated not only qualititavely but also quantitavely.
Hence the tendency to experiment in the laboratory and in the field with
a view to evolving evidence for an adequate insight into the several
processes with special reference to the intensity of their action.

Virtually all other university departments of geography in Poland, in
addition to the Polish Academy’s of Sciences Institute of Geography have
started regional research work in this field of science throughout the
country. The departments of Wroclaw and %6dZ have outpaced other
centres in their slope investigation studies. These studies were started only
a few years ago, a period of time too short, naturally, to allow any far
reaching conclusions based on adequate data concerning the development
of recent slope morphology.

Slope formation may take place under natural conditions undisturbed
by either the direct or indirect interference of the activity of man, or
under semi-natural conditions dependent on the type of human economic
activity. Natural denudation processes are studied in National Parks,
above all those in areas within the Karkonosze and the Tatra Mts.
Periglacial conditions there prevail above the uppermost forestline. In
the Karkonosze Mts., slope observation is carried on in spring and autumn
seasons. During the spring, particularly in places where there occur
considerable accumulations of snow, the washing away process is strongly
in evidence. Mass-waste connected with solifluction is of less importance.
During the autumn soil-ice (Germ. Kammeis), occasionally forming in
layers up to 10 cm thick — as recorded in November of 1955 — causes
considerable destruction.

Outside the high mountain chains, the remaining districts of Poland
are uplands of moderate height, downs and lowlands, under farm and
forest culture. Here slope destruction by denudation is accelerated by the
action of man. The question hence arises as to the relation of morphologic
changes brought about either by the direct or indirect action of man
(deforestation and ploughing) to those resulting from natural geomorphic
processes developing under climatic conditions now prevailing in Poland.
These natural processes must be determined with a view to correctly
estimating the denudation accelerated by man’s activities. This is the
main task facing scientists engaged in dynamic geomorphology in general,
and more particularly so in slope investigation in that part of the Polish
landscape now under cultivation.

Geography research centres at E6dz, Lublin and Toruin have taken
up investigation work of this kind. It is closely connected with non-
-geographical research studies concerning agriculture and soil science to
which much attention is now being paid in Poland. Soil erosion processes

Przeglad Geograficzny — 7
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3. The Recent slope and present slope

processes. Thisis a problem of the evaluation of such processes
in-view of the climate now prevailing in Poland, as well as an estimation
of the slope processes shaping the anthropogenic forms and deposits. The
problem of soil erosion here becomes paramount.
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ALFRED JAHN

THE ACTION OF RIVERS DURING THE GLACIAL EPOCH AND THE
STRATIGRAPHIC SIGNIFICANCE OF FOSSIL EROSION SURFACES
IN QUATERNARY DEPOSITS *

The problem considered is as follows:

To what extent did the climatic fluctuations of the Glacial Epoch —
which found their expression in Glacial and Interglacial Phases —
influence the change of the geomorphologic process in glaciated areas, or
areas remaining under the influence of glaciation?

The problem involves, chiefly, the examination of river action.
Numerous attempts have already been made to solve this key problem
of the Quaternary Period.

It has been assumed, for instance, that alluvial sedimentation took
place during the Glacials and that valley gravel-sheets were cut up in the
Interglacials. The Glacial and Interglacial maxima (peaks of the climatic
curve) were periods in which different morphogenetic processes took
place (1, 2).

Another, more modern conception is that, from the morphological
point of view, it is not the climate of the peak phases of the Glacials and
Interglacials which is the most important, but the climatic changes
between these extreme stages, i. e. sedimentation between the Interglacial
and the Glacial Phases, and the erosion occurring between these Phases
(3,5). Trevisan (6) has called the first of these phases, the anaglacial,
and the second — the kataglacial.

The author of the present paper wishes to submit, on the basis of the
results of research work effected in the Lublin Plateau:. a new
conception by way of explanation of this question.

The stratigrafication of quaternary deposits of the Lublin Plateau was
determined, on the basis of numerous outcrops and boreholes. As
a result of this investigation the morphological history of this area, from
the Tertiary, through all the Glacial Periods, to the Holocene was
examined.

It was established as a fundamental fact that each series of glacial
and interglacial deposits is, as a rule, separated from the others by

* First published in Bulletin de 1‘Académie Polonaise des Sciences, Cl. III, vol.
III, No. 10, 1955.

! A detailed proof of this thesis will be found in an extensive study on the
Plateau of Lublin — Morphology and Quaternary Deposits in “Prace Geograficzne
Instytutu Geografii PAN” (Geographical Studies of the Polish Academy of Sciences,
Institute of Geography). Warszawa 1956.
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horizons of sedimentary incompatibility, — in other words, by surfaces
of erosion or denudation. Each glacial series is dissected at the top.
Interglacial deposits rest on these erosion surfaces. These phenomena
appear, even though they cannot be established with complete certainty,
in the deposit series of more ancient Glacial Phases; they become, on the
other hand, increasingly evident in the deposits of the younger Pleisto-
cene.

Such a development may be noted in the quaternary deposits which
have been buried in the Pliocene Wieprz Valley (Fig. 1).

This is shown, for example, in the section of the wvalley below the
mouth of the Bystrzyca, a section which has been reconstituted on the
basis of numerous profiles of the valley slope, and of boreholes on the
valley bottom (according to Karaszewski, 7). The fossil erosion
surfaces separate ,,cold’ deposits (moraine-till, fluvioglacial sand) from
“warm” deposits (fluvial sands, lake deposits and peat).

3 Cold deposits A

(M  warm deposits 0%

l ] 20—

L Crataceous, Tertiary ap-l
w Wieprz River ©

Fig. 1. Schematic section of the Wieprz valley, below the mouth of the Bystrzyca,
drawn on the basis of material actually obtained from borenholes and excavations in
the vicinity of the villages of Syrniki, Czerniejow, Rokitno and Spiczyn. The inter-
position of sedimentary cold series (moraine-tills, fluvioglacial, sands, boulders)
between warm ones (fluvial sands, lake silts, peats) is clearly visible. The cold
deposits (1,2,3,4) originate from the Glacial, the warm ones (A, B, C, D) — from the
Interglacial and Post-Glacial Phases. Between these are deep erosion surfaces,
corresponding to the different stages of development of the Wieprz valley during the
Quaternary Period.

In the Wieprz valley, south of Krasnystaw, the cold deposits with
a Dryas-flora (silt, clay and sand) rest on a deep erosion form, and are
also dissected ot the top by a similar surface.

The position is reversed in the valleys of the Bug and of the Huczwa,
where a fossil erosion valley is buried beneath a thick series of warm
deposits (with a paludina fauna). The fossil valley was cut in the deposits
of the older Pleistocene.

This stratigraphic regularity can be clearly traced from the deposits
of the last glaciation up to contemporary times. It is a branch of the
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climatic curve of the glaciation — if Trevisan’s definition of the
kataglacial phase is accepted. The principal fluviatile terrace in the
valleys of the Lublin Plateau was formed in the periglacial zone of the
last glaciation. It is dissected to a depth of approximately 20 to 30 metres.
Into this form, warm Holocene sediments, i. e., sediments of an interglacial
type, are deposited (Fig. 1).

From this data it may be concluded that sedimentation in river
valleys took place both during the Glacial Phases (cold sedimentation) and
the Interglacial Phases (warm sedimentation). In between those there
were always erosion phases which may be called, according to Trevisan’s
terminology, the phases of anaglacial (before glaciation) and kataglacial
(after glaciation) erosion.

It will be possible to locate these phases more accurately in the
climatic curve by taking into consideration the changes in temperature
and precipitations. Klute (8) once stated that these two curves were
parallel one to the other, i. e., that the fall in the air temperaturc during
the glaciation produced a proportionate fall in the volume of precipita-

Fig. 2. The erosion and accumulation cycle of fluvial action in the Pleistocene.
temperature. . —— — precipitations. A — anaglacial phase.
K — kataglacial phase. E — erosion.

tions. It would appear, however, that this is not the case. The curves
tend to intersect. During the Interglacial Phases, the total of precipi-
tations was less than the thermal capacity of those periods, and above
this limit during Glacial Phases. It is a consequence of this fact that
glacial cooling produced a marked, brisk exchange of air masses, and the
edge of the icecap was a zone of cyclons.

The erosive action of flowing waters coincided during the period of
change of the Glacial climatic system, with the Interglacial Phases and
viee versa. The Interglacial system itself was not conducive to any major
degradation, against which the compact vegetation (forest) gave full
protection. Neither did the glacial (periglacial) system admit, in spite of
a lack of vegetation, of any deeper river cuttings, for the subsoil was
frozen and the action of valley waters too weak. They were charged with
material produced by the denudation — very intense at that period — of
slopes. The period of passage from one system to another — shown by the
intersection of the temperature and precipitation curves — produced
conditions conducive to erosive action. Hence, it is from that period that
the erosion surfaces, known among the quaternary deposits of the Lublin
Upland, originate.
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Tertiary Forme 1 Frapmants of serfaces of plansiion: a) balonging o highes leval B) belsnging 16 lower lewel €] inclingd lses Ban 59,
I.Ihnhn-lﬂ:-lﬂ-a-t‘ datten Pemaeo | dnocha) 3 Edges betwsen surlsces of planation ddlfering in age. 4. Fidges af the inlersection of walley
alopai @) narrow and sharp: B) broad and rounded 5. Mognd bas sumenil. &, O I il. 7. Mounisin pads. B Walley alopen mantlsd with weale or

- aillygiinn @) =clinen 5 - 13, or @0 35 now glighily demssed B it i3 — 09, or ¥ = 0P maw markedly deroded o undereut ©f Inclined e

I, or over PO, perily rocky, s0w inlEnshely dered oF undeneul %. Pliscano river lerraces: o] cowered by Pliocsns river sedimenis; b) cowered by
Plaigiocena river sedimanty [Cracovien gl.)

Pleisiocems Forms ¥ Eroslonsl-demedabive plats. 1. El‘ﬂh'ﬂlill berrece plain. 13, Trough-like valley, 12. Miche or resr sdge of & land alide,
4. Degpression in & valley slogs. 15, Strectursl — denadalive break of slope 16 Solifiction 17, Edge ol river larrace, 6 — 12 m relative hesghl, 18, Siopes
enderoed by erosion &) & =12 m. ral heighl; &) cver 12 m. rel, beight: 19, Valley slopes maniled wilh wasle or solilluctan a) clined 5 = 15%; or 8% =%
row slghlly dersadad. b) inclined 15 — 254, or O - 20%, pow markedly dessded o wadercul: £) 4 owar 184, or ower 0P, partly rocky, now inlensively
dwnuded o undertul. 20, Astumslalive river lerraces &) high terrece (Crecovien) b) medium terrace [Warsovien I g low lerrace (¥erssvion ) 20 Low
aSuvial cones (Versovies )

Holocens Forma 22 Delevisl plain 23, Hiver bodl leas thes | m desp, eroded in debria. P4, V.ahaped wallay 35, Michs or resr sdge of a
lired afiche: &) esisblishnd: B) Tresch. 26 Soil cresp or sarth Now, 27 Tongue of & land slds 28 Fiver bed less bhaes | m despe 8) evodsd in rook;
b)) eroded in debris. 290 Cufl ofl rieer bed, Treah, with wter (for height of edges ase sdges o terraces], 30 Low sleps in river bed (repids) 30 Owiled
alep ol & hanging valley, J2. Edges of river tervaces and allisds! consa: 8) @ 00 3 ™ high, sall predacved, B) o 18 3 & high, Badly preseroed: ] 3= 6 m,
high, well pressrved &) 3=6 m high, bedly preserved &) 6 =13 m high wwll pressresd 33 Slopes wndercul by srosion 2} less than 3 m. high
B} 3-6 m. high ¢} §~12 m high; d) above 12 m. high, 34 Swall valleys ereabed by periodic sbressm ad denudalion: 8] reving &) leas canyom
€] lslke™, d) sblation troughs. 35 River flood plain 36 Alluvial Tan with declivity of o] less thas &% b] more Bhan 6. 37 Cravel baehs = Foes bad
34, Sullosiorad pits. 30 Send dunes, slypical 40 Owarries, clay pits, sand pity, di, Read cultings. 43, Holiows caused by minings subaidence. 43 Mining
slag and indusirial lips. 44, Asiteey snd road lips, smbankmenis.

Frissed by Wrdsweatiws Geplogicars —Warirawn 1954
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HYDROGRAPHICAL MAP OF POLAND
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Maps Io ihe ariicls  Girlgiled Swrery of Laad Liilization dn Poland by K. Dalewoniki

DETAILED LAND USE MAP (SAMPLES) :

frepared by B Secxeany and N, Piskors)

BOUNDARES ARABLE LAND PERMANENT GRASSLAND UNPRODUCTIVE (WASTE) LAND BUILT-UP AREAS AND OTHERS FORESTS AND WOODLAND
: Coniferous forest and woodland:
. . u Meadows Pastures and rough grazing — T 7
e ¢ g BR:RACTRE Of 3 “powial Corn crops dominating Irragular rotation —— || Water-logged land Rural seltizment | Dry eoniferous Tores] Monotcullures
(country, Krais, rajon, depariment) s il
Dry grassiand Dry grassiand I
Boundaries of a “gromada” an W Unproductive :
=T (parish, commune, Gemeinde) Roct crops dominating | - Open field system -“|| |l| ||1 grassland Suburban seltiemant Freah coniferous forest Felled areas
Lowland Meadows Lowland Mead - N
— = = Boundaries of a State Farm - :::::::np:pg : o | 3yeee rolstion rI - Lirban settlemont | —— = Marsh coniferous forest o, - .: Young plantations
L e Marsh and fen Marsh and fen | Mixed forests:
————— Boundaries of a Cooperative Farm Irdatrial . ' . .
plants HH f Coniferous forest mixed A=l
- dominating In crops . > d-year rolation J Central urban arcas i desidus toas |','.':'. Older planiations
Clearings
— Roundaries of a_block of land o . . : d S S — - - —
dom Abandorad Decideous forest mixed 11 I -
e mabe el " .| 5year rotation AR AL f i Industry with coniferous trees ¥ 17 kq | abring press
in crops " - b+« | Improved (drained) b, 45" Drainage out of arabla [ 11|
COMMUNICATION —— ] el kel IS i el Dry deciduous forests
e . gy ' e s rayed o Technicsl agricultural [Hardwood forests): LRI i fareat
——— - . allows ¥
}mumgd. of dilferent gauges T i Reeds and other service stations ’ I | |
loa ; Oakwood
w Long year wetsr plants Extraction of minerals 5 ALY
rolation with - Pest — , oresl invading:
— Reads & ¥| grass dominating ; :'Jl'.r'!: Typical hardwood forest -
ORCHARDS AND GARDENS SR Gravel-pits ] (Osk and ash) m idle pastures,
p Lowland decidvous forests:
i Markel orchards House orchards Quarries m Y
m Walars and gardens and gardens - Clay pits Alder woodiand m arable land
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TABLE OF COLOURS

USED IN THE GEOMORPHOLOGICAL MAP OF POLAND
(1:50000)

Colour Age Factor Action Forms
dark blue Neogene internal constructive A. tectonic
pinkish mauve | Paleogene gravitation destructive B. denudative

A 4 Paleogene stream water |destructive C. fluvial
grey Neogene gravitation destructive B. denudative
grey Neogene stream water | destructive C. fluvial
grey Neogene surface and destructive E. karst
underground | (solution)
o | water
orange Pleistocene 2 gravitation destructive B. denudative
orange Pleistocene % | stream water | destructive C. fluvial
orange-+mauve| Pleistocene i fluvio-glacial | destructive D. fluvio-glacial
& | water
orange Pleistocene w | surface and destructive E. karst
& | underground | (solution)
s+, | water
green Pleistocene z gravitation constructive B. denudative
green Pleistocene 8 | stream water |constructive C. fluvial
green+brown | Pleistocene gﬂ fluvio-glacial | constructive D. fluvio-glacial
; water
red (crimson) | Holocene © | gravitation destructive B. denudative
red (crimson) |Holocene ~ | stream water | destructive C. fluvial
red (crimson) | Holocene surface and destructive E. karst
underground | (solution)
water
red (crimson) | Holocene underground | destructive F. suffosion
water (washing out)
blue Holocene gravitation constructive B. denudative
blue Holocene stream water |constructive C. fluvial
mauve-lilac Pleistocene glacier destructive G. glacial
mauve-lilac Pleistocene _ | snow destructive H. nival
mauve-lilac Holocene 50 snow destructive H. nival
brown Pleistocene 3‘3 glacier constructive G. glacial
brown Holocene “ | snow constructive H. nival
vermil.+mauve' Holocene sun and ice destructive 1. buried ice
pink Holocene - wind destructive J. aeolian
pale yellow Pleistocene E wind constructive J. aeolian
dark yellow Holocene # | wind constructive J. aeolian
vermilion Holocene b lake water destructive K. limnic
vermilion Holocene O |sea water destructive L. thalasogenic
light blue Holocene ‘; lake water constructive K. limnic
light blue Holocene sea water constructive L. thalasogenic
brownish-grey | Holocene g | vegetation constructive M. organogenic
black Holocene 2 | man destructive N. anthropogenic
black Holocene So man constructive N. anthropogenic




TABLE OF GEOMORPHOLOGICAL FORMS AND SIGNS USED IN THE GEOMORPHOLOGICAL MAP OF POLAND

Neogzene

Pleistocene

Sign | Paleogene . Holocene
] = Cracovien | Varsov.I | Varsov. II
Miocene | Pliocene (Mindel) (Riss) | (Wiirm)
A. FORMS OF TECTONIC ORIGIN
1. Slopes of fault-line scarps, horsts ’/I“\\\\ navy blue
and graben
B. FORMS OF DENUDATIVE ORIGIN
I. Forms created by the destructive
action of denuding factors
1 Fraomemts of surfaces of planation —/—/—
including:
a) levels of less than 5% slope pinkish
mauve grey ramnge
b) gentle slopes with a declivity of pinkish
5—15% mauve grey range
c) denudative outliers pinkish
O mauve grey range
d) monadnccks Q} pinkish
Ve grey range
2. Edges between surfaces of plana- « | pinkish
tion of different ages mauve grey range
3. Form of ridge or spur at the inter-
section of the valley-slopes, created
during:
a) narrow and shar —_— inkish
B pmauve grey range
b) broad and rounded === | pinkish
mauve grey range
4. Form of summit:
a) dome-like O | pinkish
mauve grey range
b) mound N/ | pinkish
T mauve grey range
¢) conical X pinkish
mauve grey range
d) sharp (Karling, Matterhorn peak) YY pinkish
mauve grey range
5. Slopes of denudative cuestas: 7
v M
a) very gentle with a declivity of * & | pinkish
3—5%, ° mauve grey range
wm O
o - o
b) gentle with a declivity of 5—15% = pinkish
o & mauve grey range
A -
c) steep with a declivity of 15—35% £ — | pinkish
B g mauve grey range
3] AL
d) very steep with a declivity of T & | pinkish
35—100%/ 2 mauve grey range
&5 3
o © s
) precipitous, rocky, with declivi- » § pinkish
ty of 100—200% S mauye grey range
f) rocky faces with declivity of g & | Pinkish
> 200% mMauye grey range
6. Slopes of outliers (a—f) =z | pinkish
y mauve grey range
7. Structural-denudative break of slope —— | piokish
mauve grey range




Neogene

Pleisfocene

Sign | Paleogene < Holocene
N b Cracovien Varsov.I | Varsov. II
Miocene |Pliocene (Mindel) (Riss) )
. —— | pinkish
8. Denudative level T Ve g rieny . SIS
9. Break of slope over an undercut i
valley slope 38 i orange
10. Gully: i
a) in rock y ? orange
b) in waste (weathered matter, deb- | orange
ris) Y5z }
11. Niche (recess) or rocky face left by
a rock fall:
a) old €3 orange crimson
b) fresh ) crimson
12. Amphitheatre scar or rear step of
a rock slide:
a) old ™ orange crimson
b) fresh e} crimson
13. Amphitheatre scar or rear step of
a land slide: P4 o
- orange crimson
a) old GHRL
crimson
b) fresh ‘”‘,‘_W
14. Niche or edge of a rock slump:
a) old Tie orange crimson
b) fresh R crimson
15. Niche or edge of a land slump:
a) old g A
N orange crimson
b) fresh L
crimson
16. Small landslides and slumps 5y
s crimson
17. Surface of soil creep or earth flow
crimson
18. Valley created by corrasion /
19. Depression in a valley slope
20. Small denudative relicts (monad- orange
nocks): !
()
a) rocky ribs Lk
™
b) rocky walls or nge crimson
¢) rocky buttresses LS orange crimson
d) rocky pulpits v orange crimson
orange i
e) mushroom-rocks r g crimson
d orange crimson
f) rocky needles ' orange crimson
g) erratic blocks ”e l orange crimson
vwe | ,
h) felsenmeer v Vo ! green blue
1
|




badly preserved

http://rcin.org.pl

Neogene Pleistocene
Sign | Paleogene . Holocene
. . Cracovien Varsov.I | Varsov. II
MlocenerPhocene (Mindel) (Riss) Wiirm
II. Forms created by the constructive
action of denudative factors:
e,
1. Rockhtall talus, piles of coarse rock .'.'.'. green blue
daa
aa
2. Scree green blue
3. Talus cones m" G green blue
4. Cones of talus-and-landslide origin “~-:\~ green blue
5. Landslide tongues &) PO bdivice
8. Talus-alluvial cones /\‘f'\ green blue
2 ’
7. Talus streams /f,;/ Ereen
8 Plains of solifluction accumula- '/ green
tlon fr 1
9. Plains of deluvial accumulation -:-:"'-: blue
C. FORMS OF FLUVIAL ORIGIN
I. Forms created by the destructive ac-
tion of flowing water (rivers) with the
cooperation of denudation:
1. Valley slopes cut out during:
a) very gentle declivity of 3—5% 5
(2—4*) mantled with wasie or 2 pinkish
solifluction, now slightly denuded o mauve 8X6y oraage crimson
b) gentle declivity of 5—15% (+—9% &
mantled with waste or solifluc- E pinkish
tion, now slightly denuded ! Inauve gErey orange crimson
¢) steep declivity of 15—85% (9—10% = X
mantled with a weathered layer © &
undergoing degradation or soli- ] inkish
fluction, now markedly denuded - | P mauve grey orange crimson
d) very steep, partly rocky, with 5 5
declivity of 35—100% (19-45"), -i g inkish
now intensively denuded g | P crimson
e) precipitous, rocky, with declivi- '§ - RN e 05 A AR
iy of 100—200% (45—64%), now §
intensively denuded pinkish
f) rocky faces with declivity of g mauve R LESBES crimson
200%, now intensively destroyed e
(rock falls) ‘z pinkish
mauve grey orange crimson
2. Erosional plaln — grey oranege crimson
3. Edge of river terrace with relative
height:
a) 3 m well preserved v— P orange crimson
badly preserved —
b) 3—6 m well preserved ey orange crimson
badly preserved
¢) 6—12 m well preserved YO o orange crimson
badly preserved
d) 12 m well preserved 5L 4 orange crimson



Neogene Pleistocere
Sign | Paleogene -
g Miocene | Pliocene Craf:ov1en Var§ov.I Varﬁov. 1I Holocene
(Mindel) (Riss) (Wiirm)
4. Edges of alluvial cones with rela-
tive height: *
a) <3 m well preserved s, 5 orange | crimson
badly preserved | |
b) 3—6 m well preserved o { orange cheon
badly preserved [
¢) 6—12 m well preserved ,':,’“',;;";";,' [ oranege crimson
badly preserved ;
d) > 12 m well preserved L : orange i —
badly preserved
5. Slopes, undercut by erosion with
relative height: —_—
a) <3 m R ‘ orange crimson
b) 3—6 m orancge crimson
¢) 6—12 m MAdiiiAd orange crimson
d) >12m vvn orange crimsen
6. River bed:
a) eroded in rock, deep: = . crimson
<1lm, >1m Tt
b) eroded in debris (alluvium), deep: __ [ crimson
<im, >1m ==e.
7. Cutt-off river beds (meanders):
a) fresh, with water, deep (oxbow = :
lakes) crimson
b) old, dry, shallow S
crimson
— T T
8. Steps in river bed:
a) low (rapids or cataracts) é/f{ [ crimson
b) high (waterfalls) Hf crimson
9. Steps at the outlet of hanging val- )/ |
leys orange [ crimson
10. Steps of regressional terraces )( orange crimson
11. River trenches / orange | crimson
12. Small valleys created with the co-
operation of denudation processes,
mainly solifluction: ‘
; g orange ;
a) trough-like valleys 0 \ i
13. Small valleys, created by periodic 1} ‘
rivers with cooperation of denuda- ‘
tion processes:
a) gorges (fresh loess-canycns) j crimson
b) ravines / crimson
¢) old loess-canyons / crimson
d) “tielke* xﬁa | crimson
e) troughs of ablation ; crimson
| =
f) valley troughs left by landslides f? CIima0n
II. Forms created by the accumulative
action of flowing waters (rivers):
1. River accumulation plain Shades of g reen from dark to light blue
2. Accumulation terrace plains with
cover of river sediments of age Shades of green from dark to lighti blue



Neosene

Pleistocene

7. Sandbanks in river-bed

Sign | Paleogene " Holocene
. . Cracovien Varsov. I | Varsov. II
Miocene  Pliocene (Mindel) (Riss) | (Wiirm)
3. Terrace plain with a rocky socle
and a cover of river sediments of OOO
s Shades of the green colour
from dark to light blue
4. Alluvial fan plain with a cover of
river sediments, of age:
-y by Shades of the gree 1 b1l
a) declivity of surface < 6° B from dankgto eligﬁt .y s
\§ blue
b) declivity of surface >> 6° l\\ Shades of the green colour
Sses from dark to light
5. Delta plain e £ blue
6. Gravel banks in river-bed ; blue
/ / blue

D. FORMS OF FLUVIOGLACIAL ORIGIN
I. Forms created by the destructive action
of glacial waters:

1. Slopes of valleys cut out by glacial
waters:

a) very gentle with declivity of
3—5%

b) gentle with declivity of 5—15%

c) steep with declivity of 15—35%

d) very steep with declivity of
> 35%

2. Erosional edges of glacial outwash
plain (sandr) and sandr-terraces:
a) well preserved 1
b) badly preserved ;{

3. Erosional plains of glacial outwash
terraces (sandr-terraces)

4. Old, dry drainage channels

5. Outliers of ground moraine on a
glacial outwash pilain, with their
morphological borders:

a) well defined

b) poorly defined

6. Edges of fluvioglacial cones:

a) well preserved l
b) badly preserved |

I1. Forms created by the constructive
action of glacial waters:

1. Glacial outwash plains (sandr)

2. Plains of glacial lake deposits
3. Eskers

4. Kames

5. Fluvioglacial cone plains with a
cover of accumulation of age:

RO
f 11
o gD 0%

Oull 007
[N

||lrl’|'.

[
(BN A

——

N

O
3

—_—
-—— -
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orange + mauve

orange + mauve

orange + mauve

orange + mauve

gre
gre
gre

gre

Shades of gre

of

shades

cover'd with
cvrange irom l'ght {o dark

Surfaces

orange +
mauve

orange -+
mauve

orange -+
mauve

orange

orange

orange

orange +
mauve lilac

orange +
mauve lilac

+ brown
+ brown
+ brown

+ brown

+ browmn




Pleistocene

Neogene
Sign | Paleogene Miocene | Pliocene Cracovien Varsov.l Varsov. II Holocene
(Mindel) (Riss) (Wirm)
III. Forms created by the destructive
action of subglacial water:
1. Tunnel valley slopes
ntle, with declivity of 5—15% . ..,
a) gentle, wi eclivity o 0L GEmtaat . W
b) steep with declivity of 15—35% '!;'i1, s 128
c) very steep with declivity of .. g Latve
> 35%% 100000C orange + mauve
2. Potholes and plunge pools OQ
S yrange +
3. Tunnel valley bottcm —_— TEITRE
[V. Forms created by the constructive ,‘ yrange +
action of subglacial wafer: mauve
1. Eskers of subacuatic type / sreen 4
2. Eskers of tunnel type (;" brown
E. FORMS OF KARST ORIGIN 5 yreen +
brown
I. Forms created by the dissolving
action of water:
1. Forms created in “karsting“ mate-
rial:
" : inkish
a) solution sink holes 00 12 mauve grey crange crimson
b) solution sink holes and pits s s
inkish X
created by collapse ©o | P TR gErey OR SR EERE crimson
¢) uvala Do | pinkish grey crange crimson
“blind lleys* b 1 g
d) 1b ind wvalleys‘ created by col- e gErey crange s
dDSC ¢ | mauve
e) karst depressions - pinkish ,
O L mauve grey orange crimson
f) collections of sink holes and pits @Op orange crimson
o620 grey orange crimson
g) hums .
§) orange crimson
h) natural bridges o orange crimson
i) karrenfeld Wiy
2. Karst forms reproduced in insoluble crimson
" blue
strata (overlying): orange + green ver_rtlilion
a) solution sink holes oo orange, TgEIEen -+ blue
: oranege vermilion
b) collapse pits (0JO) + blue
¢) blind collapse valleys C? ONFERNCEEE vermilion
- -+ bue
d) karst depressions oe iin F
F. FORMS OF SUFFOSIONAL ORIGIN
(SUBCUTANEOUS EROSION)
I. Forms created by corrasion of under-
ground water: -
crimson
1. Suffosional (subcutaneous) dimpling =, crimson
2. Suffosional pits oo crimson
3. Suffosional blind valleys =
G. FORMS OF GLACIAL ORIGIN
I. Forms created by the destructive ac-
tion of ice sheet i
1. End depressions (Zungebecken) (=4
|
II. Forms created by the constructive ac- ! mauve
tion of ice sheet:
1. Ground moraine flat plain Surfaces co~ Surfaces co-
2. Ground moraine undulating plain vered with vered with
3. Marginal zone morainic hills zhadeSf of zhadeSf of
X g . e ronz from rown from
4. End moraine hills and ridges ~ light to dark light to dark{
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Neozene Pleistocene

Cracovien

|
Miocene ] Pliocene ihinden Varsov.I | Varsov.II

(Riss) (Wiirm)

Holocene

5. Depressions among morainic hills
and ridges

6. Drumlins
III. Forms created by the destructive ac-
tion of mountain glaciers:

1. Scoured and smoothed surfaces
2. Roches moutonees
3. Glacial basins, round and alongated
4. Lip of a cirque or an overdeepened
glacial basin
IV. Forms created by the transforming
action of mountain glaciers:
1. Sidewalls of glacial cirques and
troughs
a) gentle with declivity of 5—15%%
b) steep with declivity of 15—35%
¢) very steep with declivity of 35—
100°%0
d) precipitous with declivity of
100—200°%/0
e) rocky faces with declivity of
> 200%%

2. Steps in the Mbottom of glacier
trough
3. Hanging valley steps
V. Forms created by the constructive ac-
tion of mountain glaciers:
1. Plains of ground moraine

4 2

2. Uneven surface of ground {abla-
tion) moraine

3. Ridges of accumulative terminal
moraines

4. Ridges of poured moraines

[32]

Ridges of lateral moraines

=

Ledges of lateral moraines

55

Ridges of medial moraines

H. FORMS OF NIVATION ORIGIN

I. Forms created by the destructive ac-
tion of snow:

1. Nivation cirques and troughs
2. Channel of avalanches
II. Forms created by the constructive

action of snow:

1. Ridges of talus brought by avalan-
ches

I. FORMS OF BURIED ICE ORIGIN

I. Forms created by melting blocks and
lenses of buried ice and ground ice:

1. Funnel-shaped hollows and pits
(Solle)

2. Depressions

3. Collections of pits

(\
Y

XXX
850

0 o

>

L -1

bronz brown
bronz brown

mauve
mauve
mauve

mauve

Surfaces co-

vered with

shades of

lilac colour

from light
to dark

mauve

mauve

brown

brown

brown
brown
brown
brown

brown

mauve
mauve

mauve + orange

mauve -+ orange

nauve -+ orange

mauve
mauve

brown

vermilion +
mauve
vermilion -+
mauve
vermilion +
mauve
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J. FORMS OF AEOLIAN ORIGIN

I. Forms created by the destructive action
of wind:

1. Deflation hollows

a) fixed

2D

b) in process of dispersion

II. Forms created by the constructive
action of wind:

Pleistocene

1. Parabolic sand idunes Q"--;"
2. Irregular sand dunes =
3. Fields of small dunes
4. Loess plains ::—.
K. FORMS OF LIMNIC ORIGIN
I. Forms created by the destructive action
of lake water: :
1. Cliffs vewe
2. Shore platforms —
3. Raised beach plains @.:i‘/
4. Raised beach steps (old cliffs) R—
II. Foerms created by the constructive
action of lake water:
1. Beach
2. Spits =
L. FORMS OF MARINE ORIGIN
I. Forms created by the destructive action
of sea water:
1. Cliffs
a) old (dead) vvrr
b) undercut vvvv
2. Shore platform ™
3. Raised beach plains ":::(‘
4. Raised beach steps (old cliffs) ~vvve

II. Forms created by the constructive
action of sea water:

1. Beach

2. Coastal ridge <

3. Sand banks =
4. Offshore bars and spits

M. ORGANOGENIC FORMS

I. Forms created by the constructive
action of vegetation:

1. Peat marshes

2 Holocene
. E Cracovien Varsov.I | Varsov. IT
M . ;
g ) LU I e i) (Riss) (Wiirm)
pink
pink

dark yellow| pale yellow
pale yellow
pale yellow
dark yellow

vermilion
vermilion
vermilion

vermilion

light blue
light blue

vermilion
vermilion
vermilion
vermilion

vermilion

light biue
light blue
light blue
light blue !
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Paleogene

N.

a) convex surface of Sphagnum-bog
(high bog)

b) peat-bog plains (lake shore or
post-lake)

ANTHROPOGENIC FORMS

I. Forms created by the destructive action
of man:

II.

1.

2
3.
4
5

Quarries, clay pits, sand pits, gravel
pits

0Old mining pits
Holvegs and road cuttings
Canal cuttings

Hollows caused by mining subsidence

Forms created by the constructive
action of man:

1.
2.

Mining, slag and industrial tips

Tumuli, barrows, prehistoric carth-
works

Railway and road tips

Embankments and groynes for flood
prevention

Agricultural terracing

T d/A)

agey

G

C",Q

\R N -

Neogene

Miocene ‘ Pliocene

Pleistocene

Cracovien
(Mindel)

Varsov. I
{Riss)

Varsov. II
(Wiirm)

Holocene

brownish-
grey

brownish-
grey

black

black
black
black
black

black
black

black
black

black
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