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6 M. BAUMGART-KOTARBA, S. GILEWSKA, L. STARKEL

(C) Young fold (flysch) mountains — folded after the Paleogene (the Carpa-
thians) (see Chart 2 at the end of the volume).

(D) Horizontal and subhorizontal structures composed of Mesozoic and
Neogene sedimentary rocks (the Stotowe Mts. in the Sudetes, and the Central
Polish Uplands) (see Chart 1 at the end of the volume).

Each of the morphostructures comprises erosional-denudational relief types
which differ by relief energy and age, for instance, mountains of intermediate
height (Mittelgebirge), low mountains, foothills of different heights, plateaux
and upland ridges, upland divides and basin floors etc. Supplementary data
include, for instance, primary fault- and flexed scarps, fault-line scarps, subsid-
ence area, denudational scarps etc. (for more details see “Legend for the Geo-
morphological Map of Poland 1:300,000” — L. Starkel 1974).

Fig. 1. Map showing the occurrence of the remaining fragments of different planation
surfaces within:
1 — crystalline massifs and planated mountains of old folding, 2 — crystalline massifs and young
fold mountains, 3 — young fold (flysch) mountains, 4 — horizontal and subhorizontal structures
composed of Mesozoic and Neogene sedimentary rocks, 5 — depressed areas with prevailing
accumulation, 6 —main fault and flexed scarps, 7 — front of the Carpathian overthrusting,
8 — localization of the 1:300,000 Geomorphological Map samples

The various erosional-denudational relief types include either traces or
remnants of planation surfaces now preserved as more or less extensive (a)
flat or undulant summit plains above which hard rock residuals (ridges and
hills) may rise; (b) lower mountain steps usually slightly inclined; (c) flat or
gently rolling surfaces of the foot-hills, upland plateaux and broad upland
ridges above which uponliers, outliers or hard-rock residuals may rise; (d)
assemblages of flat-topped or rounded ridges and hills of similar heights which
indicate the former existence of a planation surface now heavily dissected;
(e) flat or undulant divides of low relief (up to 40 m) occupying the interior of
broad tectonic or denudational depressions.

The old surfaces differ by origin, age and degree of modification. On the
map concerned, within the diverse relief types the following surfaces were
distinguished:

(1) The Paleogene planation surface —it includes fragments of the true
regolith — covered pre-Oligocene surface due to tropical weathering.

(2) Planation surfaces founded in the Paleogene — these levelled surfaces do
not exactly correspond to the prior Paleogene planation surface since the rego-
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8 M. BAUMGART-KOTARBA, S. GILEWSKA, L. STARKEL

kaolin and laterite mantle has been removed from them. Thus it appears that
the present flats are probably the stripped basal surface of weathering.

In the Sudetes Foreland which showed long lasting subsidence tendencies
the rolling Paleogene planation surface survived at 350—400 m a.s.l. On the
magmatic and metamorphic rocks it bears thick kaolin and laterite covers
in situ and massive inselbergs (400-716 m a.s.l.) rising above it. This is the pre-
basalt or sub-basalt surface. In the Sudetes Foot-hills and Foreland Oligocene
basaltic flows buried the regolith covered surface thus terminating the Paleo-
gene planation (H. Teisseyre 1960; L. Pernarowski 1963; W. Walczak 1970, 1972).

w
Dobrrenickie Hills
Dgbowe Hills

200

~ .‘ + . .‘. s .'
o SO0 1000m W A

Fig. 2. Parallel section across the Wzgérza Debowe and Dobrzenickie showing the
reconstructed pre-basalt surface (stippled) and the basaltic covers (after L. Perna-
rowski 1963)

1 — basalt, 2 — Upper Miocene, 3 — Pleistocene, 4 — crystalline bedrock

Relief horizon II includes mountains of intermediate height and foot-hills
with planation surfaces founded in the Neogene. The surfaces which extend
along the valleys formed by back-wearing of the valley slopes and by pediment
development under periodically semi-arid conditions of the Upper Oligocene—
Lower Miocene at 600—800 m a.s.l. in the Sudetes and at about 400 m a.s.l. in
their Foreland (W. Walczak 1972). In front of the retreating scarps and slopes
outliers were left. These surfaces are best preserved in the outer subdued ran-
ges. Phases of uplift, dissection and renewed planation being associated with
the removal of regolith are documented by sand and gravel, and clayey depo-
sits with brown coal intercalations which filled in the valleys and depressions
of the Sudetes Foreland (H. Teisseyre 1960; L. Pernarowski 1963; H. Piasecki
1964; W. Walczak 1970, 1972).

Relief horizon III contains low foot-hills with the lowest planation surfaces
founded in the Neogene (Upper Miocene-Lower Pliocene). These sub-slope
surfaces of pediment type including fossil bolsons developed on medium
resistant and weak rocks at 300-360 m a.sl. in the low foot-hills and rise
upstream to 400-500 m, whereas numerous characteristic domical hills formed
on the resistant rocks. The Mid- and Upper Pliocene oblique and differential
uplift of the Sudetes was followed by deep valley incision into the rocky basin
and valley floors. Selective erosion also gave rise to typical structural escarp-
ments in the Central Sudetes (W. Walczak 1968, 1972).
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PLANATION SURFACES 11

p. 15) indicated further downwarping at the break of the Pliocene and Lower
Quaternary (S. Dzulynski et al. 1968). The successively lower flattenings pre-
served in the divides are Pleistocene.

The Kielce Upland

The heart of the area lying within the Swietokrzyskie anticlinorium are
the folded and uplifted Swietokrzyskie Mts. This Variscan orogen, buried dur-
ing the Mesozoic was stripped in post-Cretaceous times and re-exposed as low
mountains of typical Appalachian relief. The parallel mountain ranges form
three steps. The highest central range (611 m a.s.l.) consists of the hardest
Cambrian rocks, the lower ranges (ca 350-430 m a.s.l.) are formed of Cambrian
and Upper Paleozoic rocks, the lowest step (ca 300-350 m a.s.l.) includes the
outer ranges composed of Mesozoic rocks. Steep-sided ranges and ridges rise
above the low foot-hills with a distinct Pliocene planation surface of pediment
type at 280-300 m being capped with Pleistocene allogenic deposits. It passes
eastward into the levelled surface of the downthrown Opatéw Upland. The
question is do the above steps reflect lithologic control or the successive stages
of evolution? The existence of a prior surface either of structural or destruction-
al origin (S. Lencewicz 1934 b) is suggested by the inherited radial arrange-
ment of stream-valleys which break the ranges in a series of gaps. It is difficult
to reconstruct the relief evolution because the age of the last folding of the
Swietokrzyskie Mts. is not known exactly. Furthermore, detailed geomorpho-
logical maps of the mountains are lacking. Fossil marine cliffs, breccias and
other sediments left by the Opolian sea in the southernmost isoclinal valleys
indicate that the ridge-and-valley topography did already exist in pre-Bade-
nian times (A. Radwanski 1969).

The development stages of the Kielce Upland may be reconstructed by
analyzing the landform complex of the mountain foreland formed of weaker
Cambrian and Paleozoic rocks and tilted Mesozoic strata of varying resistance.
The foreland ascends in three steps towards the mountains. The dating of
steps is controversial. The lowest step contains divides with fragments of a
Pliocene planation surface at 160-180 m a.s.l. bearing Pleistocene allogenic
deposits. It truncated Cretaceous marl and patches of Oligocene marine depo-
sits under which relics of the Eocene decalcified surface (123-155 m a.s.l.) are
buried (W. Pozaryski 1951; C. Radlowska 1963, 1968). Outliers rise above the
Pliocene surface in front of the middle step (200—240 m a.s.l.) which includes

A
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Fig. 3. Scissor-like arrangement of planation surfaces in the NE foreland of the
Swigtokrzyskie Mts. (after C. Radlowska 1962)
1 —top of Jurassic rocks, 2— top of Cretaceous rocks, 3 —top of Cretaceous rocks (Danian),
4 — Oligocene rocks, 5 — line connecting relics of the Paleogene planation surface, 6 — line con-
necting relics of the Pliocene planation surface, 7 — pre-glacial deposits, 8 — glacial deposits,
9 — presumed top of bedrock
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PLANATION SURFACES 13

ous gaizes and opoki, whereas the flat or rolling basin floors of low relief
developed on the soft marly limestones and chalk (H. Maruszczak 1966, 1972).

The upland comprises two summit surfaces, the highest of which is pre-
served at 320-360 m a.s.l. in the Roztocze, at 280-300 m a.s.l. in the central
Lublin upland plateaux and elevations and it descends northward to
200 m a.s.l, and at ca 280-290 m a.s.l. in the broad Volhynian upland ridges.
This surface is overlooked by dome-shaped residuals of the oldest relief, some
of which have duricrusted caps of Sarmatian deposits. Such residuals occur
above the tectonic scarp of the Roztocze and Lublin Upland and in the Chelm
Hills divided by wide karst basins on soft chalk. Under the Upper Eocene/
/Oligocene hill cappings there survived relics of the true Eocene surface form-

SSw NNE NE
SANDOMIERZ RO 2T OCZE LUBLIN UPLAND
BASIN
Zamodtc Basin Grabow Elevation
m a.5.1 Lipowl oc ,
. Wolica
P‘ N
A oVl
73 v‘ ( X —
200% VNN N %ﬁ! 1~ “"‘"‘—.: P .-
100 \ = =
0
ATTITT L ) e = 3 ez
N1 b2 e |3 | L 6 =17 B ‘.33 —_

Fig. 5. Section across the Roztocze and eastern part of the Lublin Upland (after
H. Maruszczak 1972)
1 — loess, 2 — alluvial, limnic and slope deposits (Holocene and Pleistocene), 3 — glacial and
glacio-fluvial sediments, 4 — clayey and sandy deposits (Miocene), 5 — limestones (Miocene), 6 —
opokt and gaizes (Upper Cretaceous), 7— marl, in part marly opoki and gaizes (Upper Creta-
ceous), 8 — marl, dolomite, limestone (Jurassic), 9 — faults

ed of pumice-like decalcified opoki (X.. Gérecka 1958; M. Harasimiuk 1963,
1975; H. Maruszczak 1966, 1972). The subsequently younger surface being ca
20 m lower is by far the most extensive. It developed on typical marl in the
upland elevations and plateaux and carries massive residuals. Both surfaces
are locally conserved by thick loess covers which occupy some 30%p of the
whole upland. The ages of the summit surfaces are controversial. According to
A. Jahn (1956), both surfaces of pediplain type developed under semi-arid
conditions of the Upper Miocene and Upper Pliocene. H. Maruszczak (1972)
dates them as Lower Pliocene and Upper Pliocene on the evidence of Upper
Sarmatian duricrusts and desert rinds (M. Turnau-Morawska 1950) contained
in the highest residuals of oldest relief. Following the Walachian movements
of uplift was valley incision at the close of the Tertiary. Several incision
phases are marked by rock-cut terraces. The formation of the lowest degrada-
tional surface of glacis type is due to periglacial processes.

THE CARPATHIANS

Amongst the mountains and uplands of South Poland, the Carpathians have
the youngest erosional-denudational relief. The Carpathians which belong to
the Alpine system were folded at the close of the Cretaceous in their inner
part (the Tatra Mts.) but after the Paleogene in their outer part (the Flysch
Carpathians). Rounded gravels of older flysch rock found in the Upper Krosno
beds indicate syngenetic folding and denudation of the Carpathians (B. Swi-



14 M. BAUMGART-KOTARBA, S. GILEWSKA, L. STARKEL

derski 1932; S. Alexandrowicz et al. 1963) and consequently the initiation of
relief development on the truncated anticlinal structures. In the Flysch Car-
pathians, the pattern of mountain ridges and depressions clearly reflects the
low angle monoclinal thrusts in the west and the steep folds and scales in the
east (L. Starkel 1965, 1972). Recent geological research shows that the Lower
Miocene phase of folding was followed by thrust movements which continued
into the Sarmatian (M. Ksigzkiewicz 1972; R. Ney 1968). Displacements were
on a wide scale, probably of the order of 60—80 km (S. Poltowicz et al. 1974;
R. Ney et al. 1974). The above facts throw light on the ages of levels occurring
in the Carpathians.

The 1:300,000 Geomorphological Map of Poland shows the stepwise arran-
gement of relief in the Flysch Carpathians which include mountains of inter-
mediate height with relative relief of 400-800 m (1000—1700 m a.s.l.), low moun-

% "”hll]

! ||||

Skm
J

Fig. 6. Mountain ridges and their relation to resistance of bedrock (after M. Baum-
gart-Kotarba 1973)
1 — very resistant rock (mostly sandstones), 2 —rocks of medium resistance (sandstone-shales),
3 — little resistant rock (shale-sandstones), 4 — rocks of very little resistance (mostly shales),
5 — ridges and hummocks within the valley-level, 6 — ridges and hummocks from the dissection
of the foot-hill level, 7 —ridges from the dissection of the intermontane level and ridges
projecting above the foot-hill level, 8 —ridges from dismembering of the Beskidian surface;
A — The Jaworzyna Krynicka Range in the Beskid Sgdecki Mts. B — the Slonne Mts. and the
Bieszczady Foreland
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16 M. BAUMGART-KOTARBA, S. GILEWSKA, L. STARKEL

uplift along faults in the Attic phase (for comparison see O. Stehlik 1965). In
the marginal zone of the Flysch Carpathians, thrust movements affected not
only the flysch but also the Grabovian (Upper Badenian) sediments that were
laid down on the flysch. Correlation deposits responding to the destruction of
the Carpathians are now found under the Carpathians (S. Poltowicz 1974).

mOo

-1000

2000

3 000

Fig. 7. Geological section across the marginal thrust between the Dunajec and
Wistoka valleys (after S. Poltowicz 1974)

1 — bore-hole and dip of beds, 2 — overthrust, 3 — fault, I — Silesian unit, II — Skole unit, C, —

Lower Carboniferous (Kohlenkalk), T; — Bunter, J, — Dogger, J; — Malm, K, — Upper Cretaceous,

Ki — Inoceramian beds (Upper Cretaceous), Pg — Paleogene, Fl — flysch rocks undivided, M, —

Badenian (Mfe—sub-evaporite “series’”’, M — evaporite ‘series”, Mg¢h — Chodenice beds, M}—

Grabowiec beds), My; — Lower Sarmatian, Q — Quaternary; crosses indicate tuffite intercalations

The Sarmatian deposits of the Carpathian foredeep cannot give information
about the sequence of tectonic and climatic changes in the Flysch Carpathians
because they have been transported from the northern shore of the Sarmatian
sea (S. Poltowicz et al. 1974).

As a result of the multi-phase selective denudation the present relief of the
Carpathians is adjusted to both lithology and tectonic style of the flysch
(Fig. 6). Consequently in the western part of the Carpathians there cccur
mostly massive monoclinal and inversional mountain ridges frequently bound-
ed by denudational scarps, whereas monoclinal and resequent ridges predo-
minate in the east (Map 2).

The high tilted block of the Tatra Mts. contains a late mature relief which
survived on the resistant limestones, dolomites and granito-gneisses in the
broad summit areas. Fragments of flattenings at 1500 m a.s.l. pass into the
unrejuvenated valley floors at the valley heads and into a wide piedmont pedi-
ment which descends from 1200 m to 800 m a.s.l. in the Tatra foreland. Plana-
tions have been dated as Sarmatian and Lower Pliocene on the evidence that
the above surface truncates the Lower Badenian-Sarmatian of the Domajski
Wierch (M. Klimaszewski 1958, 1972). However, results of recent palynologic
research by J. Oszast (1973) show that the gravel and clay series of the Domaj-
ski Wierch fan is Upper Pliocene. Consequently the ages of planations in the
Tatra foreland should be revised.
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Fig. 1. Geomorphologic sketch of the Grudzigdz Basin
1 — moraine plateau 2 — outwash, 3 —erosive surfaces of meltwater flow, 4 — subglacial chan-
nels, 5— kame terraces, 6 — dead-ice slope topography, 7 — alluvial fans, 8 — flood areas with
peat and gyttia, 9 — landslide pseudoterraces, 10 —rim of moraine plateau with aggradation
zone, 11 —river terraces with rim; number indices after R. Galon’s (1968) system, F, G, S —
moraine plateau islands, so-called kepy: F — Kepa Forteczna, G — Kepa of Goérna Grupa, S —
Kepa Strzemiecinska

79.3 m as.l; on the west side of the river, separated from the channel by the
flood-plain 4 km wide, projects Kepa of Gérna Grupa, with its summit at
77.3 m as.l.

The river terraces in the Grudzigdz Basin occur in a set of nine steps cor-
responding, in R. Galon’s classification (1968), to from IX to I. The most
extended levels are terraces III and II, elevated 27-28 m and 24-25 m as.l,
i.e. 9-10 m and 6~7 m above the flood-plain respectively. They form the surface
of the incised curves, separating the kepy-hills from the surrounding moraine
plateau. The thickness of alluvial deposits increases generally from the older
to younger levels, ranging from 1 to 2 m within terraces IX to IV, and from
6 to 7 m for the most part of terraces III and II.
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ORIGIN OF GRUDZIADZ BASIN 27

it lies slightly lower than the uppermost river terrace IX. The morphologic
characteristics of this kame terrace are shown on the photograph (Fig. 2), and
the geologic structure of the terrace in relation to the adjacent slope is indi-
cated on the cross-section based on accurate levelling measurements and field
examination (Fig. 3).
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Fig. 3. Geologic cross-section through the western slope of the Matawa River valley
near Swiete
1 —slope wash, 2 — fine-grained sands, 3 —cover on the erosive surface of grey varved clays,
4 — fine- and medium-grained sands with gravels, 5 — fine-grained sands with intercalations
of silty sands and medium-grained sands, 6 — collapsed sand-gravel deposits (Fig. 3 —2 to 11),
7 — unstratified fine- and medium-grained sands with gravel grains, 8 — till (first glacial-drift
horizon), 9 — yellow-brown varved clays underlain by till (Second glacial-drift horizon), 10 —
fine-grained sands, 11 — grey varved clays

The kame terrace has ledge shape, 200 m long, up to 15 m high and up to
45 m wide. Its surface is flat or slightly inclined (2-3°) toward the valley. The
inclination of the river-facing slope of the terrace ranges prevailingly from
15 to 20°.

The terrace has a simple structure. An exposure made near the valley-slope
at a distance of approximately 30 m from the edge of the terrace, shows two
different kinds of deposits. On the unstratified medium- and fine-grained sands
of the glacifluvial type rest loamy sands with gravels and boulders of the
slope-wash type connected with the till occurring higher within the adjacent
valley-slope. The diameters of boulders within the slope-wash deposits are
usually less than 0.5 m, but on the surface of the terrace boulders were found
exceeding 1.0 m in diameter. Gravel grains and small boulders are often disin-
tegrated as a result of frost action.

Close by the edge of the kame terrace, devoid of the slope-wash deposits,
the structure of the glacifluvial deposits changes. The medium- and fine-grain-
ed sands (Fig. 4 — 2-11) prove horizontal stratification, and simultaneously they
are en masse inclined towards the valley at an angle of 38-40°, thus more than
the angle of repose of these deposits. The beds are also disturbed by small
faults, whose amplitudes of replacement are of the order of 3-5 cm.

As is shown on the geologic cross-section (Fig. 3). the deposits which build
up the terrace differ from those within the moraine plateau at the same level.
This fact precludes an eventually alternative genetic interpretation of the
terrace — that it is a trath river terrace, and that the disturbances of the
deposits are due to the pressure of the active ice prior to the formation of the
terrace. The presence of deep kettle-holes occurring lower, in the bottom of the
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Fig. 4. Exposure in the escarpment of the kame terrace
1 —medium-grained sands with gravel grains, 2 — fine-grained sands, 3 — fine-grained sands
and gravels, 4 — fine-grained sands with admixture of medium-grained sands and gravels, 5 —
fine-grained sands with calcium carbonate concentrations, 6 — fine- and medium-grained sands,
7 —sands with gravels, 8 —medium-grained sands, 9 — fine-grained sands with intercalations
of silty sands, 10 — medium-grained sands with gravels, 11 — medium-grained sands

valley, as well as the disturbed sedimentary structure of the deposits in the
terrace pointed out that it may be closely related in origin to the kame terrace
formed between the slope from one side and the ice-wall from the other. When
the river level lowered and the progressive melting of the ice masses proceeded,
then the deposits, supported by ice, collapsed. The presence of faults in the
collapsed deposits indicated that the collapsing process took place when the
deposits were still in a frozen state.

DEAD-ICE SLOPE TOPOGRAPHY

The other conspicuous landforms associated with the melting of large
dead-ice blocks occupying the former Vistula River curves in the Grudziadz
Basin represent specific topography named tentatively kame and kettle slope
topography of the ablative type (E. Drozdowski 1974) or more generally: dead-
ice slope topography.

The prominent landforms of this type occur along the eastern slope of the
investigated area between the villages of Turznica and Marusza (Fig. 1). The
moraine plateau grades here from about 95 to 30 m a.s.l. into the broad ‘“‘slope
zone”, 2 to 3 km wide. Its topography is characterized by a moderate local
relief with numerous irregularly distributed hills and small depressions (Fig. 5),
so that the cross-profiles of the slope zone appear as very ragged lines (Fig. 6).
In contrast to the steep erosive segments of the valley slopes, well-developed
stream-valleys and gullies are absent or fragmental. The existing valley-like
depressions have sinuous courses and irregular floors with thresholds. On some
reaches of these valleys there occur larger basin-shaped widenings with several
depressions of lower order. There are often sloughy or filled by water. The
slopes of hills between individual depressions are generally more inclined
towards the higher situated depressions than to the lower ones.
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Fig. 6. Morphologic profiles of the Grudziagdz Basin slope north of Turznice
A, B —location of exposures

The “slope zone” is composed mainly of till and sandy-gravel deposits. In
the upper part, near the edge of the moraine plateau it is covered by a more-
or-less continuous blanket of till averaging a few meters thick, while in the
lower part, starting from about 60 m a.s.l. sands and gravels more often appear
on the surface. Two exposures A and B (Fig. 6) show the geological structure of
the hills.

Exposure A (Fig. 7) is located in the upper part of the hill, 68 m a.s.l., on its
slope which is inclined 2-3° towards the lower depression. The summit of this
hill is elevated as much as 10 m above the lower depression and about 6 m
above the higher one.

Beneath a layer of till 1 m thick (Fig. 7—2) deposits occur of a typical fluidal
structure, composed of all gradations from silt to sand with gravel grains and
pebbles (Fig. 7—3-8). Individual sedimentary units are developed in the form
of irregular layers, lenses, and streaks dipping towards the lower depression,
but at an angle much greater than the inclination of the slope surface of the hill.
Both the lithology and structure of these deposits indicate that they are typical
mudflows which may have resulted from the flow of the semi-plastic, waterlog-
ged material on the slopes of dead-ice blocks. Such material is known from
modern glaciers as ablation deposits (J. Szupryczynski 1963; S. Kozarski,
J. Szupryczynski 1973).
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Near the base the till is fissile, and the planes of fissility dip at an angle
56-62° in the direction concordant to the dips of the underlying deposits. This
evidence in association with the lithologic properties of the till allowed the
interpretation of its origin as an ablation till redeposited from the top surface
of dead-ice blocks into spaces between these blocks. It was subsequently over-
turned together with the underlying silty-sandy mudflows when an inversion
of the topography proceeded.

Exposure B (Fig. 8) is located in the upper part of a lower lying hill, 58 m
a.s.l. In contrast to the previously described hill it is devoid of till cover on the
top and on the slope inclined toward the basin. Till cover occurs only on the
opposite, inward slope. The exposure wall show the inner structure of deposits
in a plane directly parallel to the slope inclination.

N 135°

Fig. 8. Exposure B
1 — humus, 2 — ablation till, 3 — ablation till with calcium carbonate concentrations, 4 — gravels
and boulders, 5— medium- and course-grained sands with sand-gravel lenses, 6 — sandy silts
with gravel lenses

Similarities in the structure and sequence of deposits are striking. The
mudflows, developed as fine-grained sands intermixed with silts and me-
dium-grained sands (Fig. 8—5-6), dip at an angle greater than the angle of
slope inclination. As in the exposure A they show a distinct fluidal structure
and an increase of thickness upwards. An innovation is the layer of gravels
and boulders, situated between the silty-sandy mudflows and the till cover
(Fig. 8—4). The growing thickness of this layer together with a gradually
increasing size of boulders indicate that it is a typical debris cone overturned
en masse when the ice melted away.

TYPES OF DEPRESSIONS ASSOCIATED WITH THE MELTING OF BURIED ICE
ON THE RIVER TERRACES AND ALLUVIAL FANS

There are at least two different types of depressions closely related to the
melting of buried ice within the river terraces and alluvial fans, depending
upon the origin of the ice and the conditions of its burying. These are:
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e e (s

Fig. 10 Idealized scheme of developing phases of the dead-ice slope topography

1 — bedrock, 2 — dead-ice, 3 — deposits released from dead-ice and redeposited on the slope,
4 — water

dimensions of the dead-ice blocks resting beneath the river along and trans-
verse to its valley. Minor blocks produced small holes which — as observa-
tions show at the margin of modern glaciers (K. Klimek 1972) — are quickly
buried completly.

GENERAL CONCLUSION

The above discussed facts do not support either of the earlier hypotheses
regarding genesis of the Grudzigdz Basin. This largest widening of the lower
Vistula River, with its incised meander curves, should be considered as a
result of particular response of the river to the influence of buried glacial
relief rather than a pure fluvial feature produced by changes in climatic
conditions and connected with them hydraulic variables of the river (cf. G. H.
Dury 1964; K. J. Gregory and D. E. Walling 1973; L. B. Leopold and M. G.
Wolman 1960; S. A. Schumm 1972). This conclusion supports the former
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1. Map of the

sub-Quaternary relief (Sites of deeper
marked by dots)
1. edges of the present Vistula valley
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geological profiles are
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VISTULA WATER-GAP 47

races was taken after R. Galon (1953) and was first introduced by that
author in the case of the outwash plain and valley of the Brda stream, as
was mentioned in the introductory chapter of this article and later used by
W. Mroézek (1958) in the Torun Basin and W. Niewiarowski (1961) in the
valley of the lower Drweca. This refers, of course, to those terraces in the
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Fig. 5. Geomorphological map of the Vistula valley between the Plock and Torun
Basins
1. moraine platenau, 2. subglacial channels, 3. outwash plain, 4. erosional plains of meltwaters,
5. meltwater valleys, 6. kettles, 7. late glacial erosional terraces, 8. accumulation terraces,
9. dunes, 10. lakes, 11. edges: a) of moraine plateau, b) and c) of terraces (b. distinct, c. ind-
istinct), 12. number of terraces
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Fig. 1. Fragment of map of geocomplexes
Note: For very small surfaces, serial numbers were omitted

Listing the number of geocomplex types made it possible to determine the
number of cases in which particular features of the components are interrela-
ted. For indicating these interdependences between components the author ap-
plied what is called the entropy measure. However, in his calculations he left
out of consideration the area covered by each geocomplex; obviously it would
have been possible to apply definite veights to each of these areas, but this
would have involved a great increase in tedious labour, and the results obtain-
ed might not show any greater precision. In view of the great number of basic
fields the divergences from a mean area are bound to be rather small — and,
as it is, the calculations cover as much as some five and a half thousand se-
parate geocomplexes.

Up to now this sort of investigation embracing analytical studies of the
number, the surface area, and the frequency of occurrence of basic units has
been carried out for the most part in the Soviet Union. Usually the purpose of
such studies was to verify units prevailing with regard to their areas, or the
frequency of their occurrence, or to define the degree of similarity between
the geocomplexes and the physico-geographical regions (.. Mukhina, V. Pre-
obrazhenskiy, N. Fadiyeva 1968, ¥. Ivashutina, V. Nikolayev 1969, K. Geren-
chuk, I. Gorash, A. Topchiyev 1969). A full survey of statistical methods for
determining the homogeneity of geocomplexes and the interdependence be-
tween geocomplexes and between components forming geocomplexes, has been
supplied in studies made by T. Aleksandrova (1967, 1969). For signifying the
interdependence between components this author made use of K. Pearson’s
coefficient of correlation (where the elements to be correlated are of a numeri-
cal nature) or of K. Pearson and A. Chupurov’s multiple index of correlation
(where elements are correlated as to their quality).

Another method sometimes applied for solving problems of this kind is an
informative analysis of the structure of the geocomplexes (K. Gerenchuk,
A. Topchiyev 1970). These authors started out defining the numerical quantity
of information contained in one random variable x about a second variable y.
In the cases when the two variables x and y are interrelated, one can calculate
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Fig. 2. The most important interdependences between relief and the remaining
components of the geographical environment
Types of relief: 1 — plane valley floors and depressions, 2 — plains outside valley regions, 3 —
wavy plains, 4 — low hills, 5 — high hills, 6 — low widespread hillocks, 7 —low narrow hillocks,
8 — high hillocks types
The diagram below represents the frequency of the occurrence of particular relief
types
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For taking into account all combinations of the interdependences between
five components ten ternary systems had to be analyzed. Assuming in every
case the interdependence between three components to be 100%p, the author
made the necessary calculations which he subsequently presented in charts.
In these charts he only shows the interdependences of frequencies higher than
1%/o, omitting all others; and this procedure enabled him to take into account
many interdependences which so far had not been apparent. To give an exam-
ple, he shows in Fig. 3 the chart of the frequency of interdependences between
relief, geological structure and soils.

20
%
15
10
5
| ATANIRIA
C. Soils 8833434434344445 1345
B.Geoloqgical N N N A S ‘.‘..."
dracrry’  89225235253353k A2 5
: 37 ST ¥ t | S “'
A.Relief 1 2 3y 4 5 6 7 8

Fig. 3. Interdependences between relief, surface of substratum and soils
A :1-8 cf. Fig. 2. B:1— gravels, 2 —loose and slightly loamy sands, 3 — loamy sands, 5 — loams,
8 — peats, 9 — alluvia and deluvia C:1 —initial soils, 3 — rust-coloured soils, 4 — pale soils, 5 —
brown soils, 8 — hydromorphic soils

The charts discussed so far illustrate the frequency of interdependences, but
they supply little information about the force of interdependences between
particular features of the elements examined. The problem of indicating this
force of interdependences between components has been pointed out by
T. Aleksandrova (1967) who asserts that this interrelation can be defined either
by its form or its degree. The form of interdependence between components
reveals how one of the features changes due to the changes of another one,
whereas the degree of interdependence shows the force by which the change
of one feature depends upon the change of a second feature. The form of inter-
dependence finds its expression by indices calculated from established for-
mulae.

For calculating the force of interdependence between a pair of features
some criterion must be adopted with regard to which the rate of interdepend-
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TABLE 1. Force of interdependences of particular components

E. Land utilization and types of vegetation
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A. Relief C. Soils E. Lan

=S

ul
1. plane valley floors and deprmons 1. initial 1.0-1.9 forests in general, in particular
2. plains outside valley regions 2. podsolized soils and podsols 1.1 healthy primeval forest
3. wavy plains 3. rust-coloured 1.2 withered primeval forest
4. low hills 4. pale 1.3 apruce primeval forest
5. high hills 5. brown 1.4 mixed primeval forest
6. low widespread hillocks 6. black and grey soils 1.5 mixed forest
7. low narrow hillocks 7. marshy alluvia 1.6 deciduous forest
8. high hillocks 8. hydromorphic soils 1.7 paludinal forest
B. Geological structure D. Depth to water table 1.8 alder forest
1. gravels 1. waterlogged areas 1.9 swampy forest
2. loose and slichlly loamy sands 2. areas with water at 0-2 m depth 2.0-2.3 meadows in general, in particulare
3. loamy sands 3. areas with water prevailing at slightly less 2.1 meadows subject to flooding
4. dune sands than 2 m, never decper than S m 2.2 swampy meadows
5. loams 4. areas with water prevailing much deeper than 2.3 dry-soil meadows
6. clays 2 m, usually lower than § m 3.0 land under cultivation
7. silty deposits
8. peats
9. alluvia and deluvia

http://rcin.org.pl
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forests were assumed to be geocomplexes of cultivated land; but this concept
also lacks precision, the more so that this concept also implies urbanized areas
and wasteland. Moreover, these sort of areas also occurs in interdependence
with almost all geocomplex features, hence they might be called ubiquitious
and their patterns, like those of forests and meadows in general, are to a large
extent fortuitous. In view of all these arguments the author limited his defini-
tion of the consistency of geocomplexes to four components. By this procedure
he reduced the number of types of geocomplexes from 478 to 170.

Marking the successive components by a, b, ¢ and d, every geocomplex will
now contain the following interdependences: a—b, a—c, a—d, b—c, b—d, and
c—d. Summing up the values of the indices of the force of interdependences
previously determined, and calculating their arithmetical mean, the author
obtained this mean value as the index of the interior consistency of the geo-
complexes. For the area of Bialystok voivodship this index oscillates between
0.23 and 0.94.
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Fig. 4. Consistency of geocomplexes
Value of index of interior consistency: 1— 0.31-0.40, 2 — 0.41-0.50, 3 — 0.51-0.60, 4 — 0.61-0.70, 5 —
0.71-0.80, 6 — 0.81-0.90, 7 — 0.91-1.00
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MESOCLIMATIC CONDITIONS 75

TABLE 1. Characteristics of the thermal conditions at the boundary between moderate warm and
moderate cool climatic vertical zone in the Lower Beskid range

Relief form

Element T —
convex concave
Altitude a.s.l. (m) 650 450
Mean annual air temperature °C 6.0° 6.0
Mean annual maximum temperature 10.1° 10.8¢
Mean annual minimum temperature 2.5° 1.0°
Daily amplitude of air temperature 7.6° 9.8¢
Mean monthly maximum temperature in February —0.7° 1.0¢
Mean monthly minimum temperature in February —17.2° —8.5°
Mean monthly maximum temperature in May 15.4° 16.5¢
Mean monthly minimum temperature in May 6.4° 4.3
Mean monthly maximum temperature in July 20.5° 21.8¢
Mean monthly minimum temperature in July 11.5° 9.7¢
Mean monthly maximum temperature in October 12.0° 12.3¢
Mean monthly minimum temperature in October 4.5° 2.8
Duration of frostless period in days 168 120
Probability of days (in %) with the air temperature ., > 25°
in the growing season 6.5 10.0
Probability of days (in %) with the air temperature t,,, < 0°
in the growing season 7.5 11.0
Probability of days (in %) with the air temperature ,,,x > 20°
in May 19.0 27.0
Probability of days (in %) with the air temperature 5, > 25°
in May 2.0 3.0
Probability of days (in %) with the air temperature fp,, < 0°
in May 5.0 13.0
Probability of days (in 9{) with the air temperature fpygx > 5°
in winter 12.0 10.0
Probability of days (in %) with the air temperature t,,;, < —20°
in winter 1.0 8.0

valley bottoms grows. Table 1 supplies information, by way of examples, about
the differences in the values for the particular thermal indices in the Lower
Beskid range.

MATERIALS AND METHOD OF ELABORATION

In their present work the authors elaborated the results of daily measu-
rements of air temperature performed in the period 1951-1970 on 15 meteorolo-
gical stations, 8 of which represent convex, and 7 concave forms of the ter-
ritory. The probability of occurrence of the determined values of temperatures
for the particular months and the chosen periods of the year were calculated
by means of the “Odra 1204” computer. Next, the nomographs of probability
of occurrence of extreme and mean daily temperatures and of those measured
at certain hours (7%, 13" and 21") lower than the determined values were execut-
ed, depending on the height a.s.l. and with the convex and concave forms of
the territory being taken into account.
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Considering its significance for agriculture, the authors concentrated in
their present elaboration on discussing the extreme values of air temperature.
Of the very numerous data which characterize the thermal régime they only
chose that part of the material which concerned the critical periods in the
development of plants. Therefore, they represent the principal theses of their
method by using the month of May as an example, in which the vegetation is
highly threatened by slight frosts. In Figs. 1 and 2 they submit the nomographs
of probability of the maxima and minima of air temperature in May. On the
basis of these nomographs one can determine the probability of occurrence of
any value of extreme temperatures depending on the height above sea level
and the forms of the relief. This enables the construction of detailed maps of
probability of the values of air temperature important for agriculture. Take
as an example the map representing the endangerment by slight frost in May
(Fig. 3), in which the probability of occurrence of negative minimum tempera-
tures is submitted. Most threatened by slight frosts in that month are the bot-
toms of the Beskid valleys situated above 400 m a.s.l. (10-15%9 of days with
slight frost). In the concave forms of the territory, in the hypsometric zone of
300-400 m that probability amounts to 5-10%/p. The same values for the proba-
bility of occurrence of slight frosts are characteristic of the Beskid ridges
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Fig. 1. Probability (%) of the occurrence of maximum air temperature below determined values in
May in the Lower Beskid range

exceeding 650 m a.s.l. The convex forms of the territory lying below that height
and the bottoms of valleys below 300 m a.sl. are distinguished by the least
endangerment by slight frosts (the probability being only 2-5%%).
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The nomographs discussed above seize in a complex manner the differen-
tiation of all the occurring extreme temperatures and are very simple and
useful in the determination of the endangerment by slight frosts of particular
crops. For example, if it appears that a temperature lower than —20°C is
noxious for a certain plant, then, by using the nomograph, one can determine
the probability of occurrence of that temperature and indicate the parts of the
territory in which it may occur most often.

1000 mnpm (asl) convex land forms
9004 : —
800 A
w5 2 17
600 WA L,
500 Y \
{ (/
\
300
B e
60 concave land forms
1 O 8 O 2 L
g \\\ \&‘\"o \\ Y‘s \\ \\‘% \% \\%
{ I s P N o\ 13\\ i N,
a1 SO AN SRR [
-5 0 S 10 15 20°C

Fig. 2. Probability (%) of the occurrence of minimum air temperature below determined values in
May in the Lower Beskid range

The differentiation of the maximum air temperatures mainly depends on
the height above sea level (Fig. 1). The influence of the form of relief is very
slightly marked. This is also shown on the example of the map of the proba-
bility of occurrence of maximum air temperatures exceeding 20°C in May
(Fig. 4). This probability decreases from over 40% at the height of 250 m to less
than 10%¢ at the height exceeding 900 m a.s.l.
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Fig. 3. Probability (%) of the occurrence of days with slight frost in the western part of the Lower
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Fig. 4. Probability (%) of the occurrence of maximum air temperature higher than 20°C in the
western part of the Lower Beskid range

THE FROSTLESS PERIOD AS A BASIS FOR THE AGROECOLOGICAL
ESTIMATION OF MOUNTAINOUS AREAS

The duration of the frostless period is one of the most differentiated ele-
ments of the mesoclimate in the Lower Beskid range. At the height of 500 m
a.s.l. the difference in the duration of that period in the convex and the con-
cave forms exceeds 50 days. Slight frosts during the growing season form a

http://rcin.org.pl



TABLE 2. Dependence of the duration of the frostless period (y) on some geographical and meteorological parameters (x) in the Lower Beskid range

Convex forms Concave forms Regardless of the relief form

Element (x)
equation by r 1, equation by r 1, equation by r A

166—-0,01484 £10 —0374 >10% y=198=0,1714H +8 —0.922 0.1-1% y = 154-0.0162H +20 —0.164 >10%
131 +4,0183%, £9 0497 >10% y=219810r,—-12 7 0945 0.1-1% »y=82+98210r, +17 0518 5-10%

Altitude asl. H y
Mean annual air y
temperature 1,
Meanannual mi- y
nimum air tempe-
rature f,m

1314982121,y £7 0714 5-10% y = 1004+17,30960, £7 0946 0.1-1% y = 104+17.94291,,, +10 0879 <0.1%

by ==standard error of unknown quantity
r —correlation coefTicient
t, — level of significance of the correlation coeflicient according to the test ¢ of Student

http://rcin.org.pl
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TABLE 3. Dependence of some climatic indices () on the duration of the frostless period (x) in the Lower Beskid range

Convex forms

Concave forms

Regardless of the relief form

Element (x)
equation by r (3 equation by r t equation by r 5

Probability (%)) of tmis< ¥ = 25—0.1183x +2% —0.599 >10% »y = 33-0.1753x 1% —0968 0.1-1% y = 28—-0.1366x +1% —0.897 <0.1%
<0° in the period from
May to September
Probability (%) of fpin< ¥ = 24—0.1289x +2% —0.608 >10% » =46-0.2762x #1% —0976 <0.1% y = 40-0.2266x +2% —0.940 <0.1%
<0 in May
Probability (%) of tmin< ¥y = 240.0089x +2% —0.047 >10% )= 17-0.0752x +1% —0.841 1-5% y=18-0.0918x +2% —0.747 0.1-1%
< —20° in the period
from December to
February
Mean annual minimum y = —5.8+0.0535x +0.6° 0.673 5-10% » = —4.8+0.0507x+0.4° 0.950 0.1-1% y=-3.9+0.0423x +0.5° 0.870 <0.1%

air temperature

by — standard error of unknown quantity
r - correlation coefficient

ty — level of significance of the correlation coefficient according to the test f of Student

http://rcin.org.pl
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sive shots causes errors in this method which however, can be eliminated by
constructing a map for the time in which the zenith was shaded (Fig. 3).

By introducing upon a topographical basic print the corresponding outlines
of clouds, including the particular data on when successive shots were taken
(Fig. 3a), an illustration of changes in the position of the clouds is obtained.
By estimating the direction in which the cloud outlines move, one can by in-
terpolation and generalization construct upon the basic print a new cloud map
with shorter time intervals, between shots than those actually applied. Practi-
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cally sufficient are one-minute intervals, as shown in Fig. 3b, as the result
of transforming what was shown in Fig. 3a. From the overlapping of particular
cloud outlines one can establish the time for which the zenith has been veiled
by given clouds (Fig. 3c). By treating in the same way all clouds which for
definite periods of time move across the investigated area, one obtains a map
of zenith shading (Fig. 3d). The values of successive isolines are given in mi-
nutes, and the summing up of the periods of shading is done for nodal points
and centres in a one-kilometre lattice. This kind of map showing zenith shad-
ing represents the most accurate cartographical scrutiny of a mean cloud dis-
tribution; however, the fact that to produce it is exceptionally tiresome, pre-
cludes this procedure being commonly applied.

By using the same source material one can obtain a map showing the mean
cloud cover above the Earth (Z). Fig. 4a illustrates an example of the distribu-
tion Z (heavy lines) on the background of cloud projections for a one time unit.
Here the investigated area was a region north of Suwatki, with a variegated
lake-studded landscape and clearly marked moraine plateaus. In circles, placed
next to the abbreviations of given stations, are marked the degrees of simul-
taneously observed and visually estimated cloud amount (N). The differences
between N and Z appear to be considerable. The highest values for N seen at
Smolniki (Sm), Sidory (S) and Leszczewo (L) suggest a NW-Se motion of the
zone of intensified cloudiness, whereas in reality these kind of zones are arrang-
ed at right angle to the assumed direction.

The interrelation between Earth cloudiness (Z) and sky cloudiness seen on
a physical firmament is a complicated problem, because in practice one does
not determine Z for the area from above which the clouds bear upon the esti-
mate of N. Even so, if this were done, N would always be larger than, or equal
to Z. For convective clouds the N-Z differences are higher than for the remain-
ing clouds and total some 10 to 20%/o (W. Okolowicz, W. Lenart 1973).
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A correlation of the distribution of Z for different, mutually unconnected
periods of time should not be attempted by calculating mean values; and this
is why the author suggests compiling a map showing the arrangement of iso-
nephs Z. By imposing upon each other the isonephs Z for six successive (but
removed from each other) dates of photographing the sky (Fig. 4b), the author
tried to determine for particular basic fields the predominant directions of the
run of these lines Z (Fig. 4c). Passing on to continuous lines we obtain a pattern
of the isonephs Z arranged as shown in Fig. 4d. “Coilings” indicate areas where
Cumulus clouds react more strongly upon the impact of bedding.
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The next group of methods worth mentioning is an analysis of the tracks
followed by convective clouds. Here two types of tracks should be distinguish-
ed:

— straight-line tracks, obtained by joining tracks of displacement of cloud
centres or of groups of clouds, and

— true tracks, taking into account the horizontal cloud dimensions and
their changes during cloud motion.

Track analyses are meant to detect deformations in cloud motion; they make
it possible to define the rate of cloud motion, and they represent the first stage
in the construction of track density maps. An example of this map, with
straight-line tracks indicated, is shown in Fig. 5a and, with true-line tracks,
in Fig. 5d. By counting the number of intersections of basic fields by tracks

http://}rjicﬁ'rir’.'org.pl
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(Fig. 5b and 5e) one can draw an isarhythmic map (Fig. 5¢c and 5f). Worth
noticing is the difference in the pattern of the density of the straight-line and
the true tracks (here the analysis has been performed using the same material).

The method of true tracks is applied for compiling a map of tendencies of
cloud development. A series of cloud maps is always analyzed in pairs: two
pictures taken at adjoining dates are entered onto a common base map (Fig. 6a,
6b and 6¢), and by suitable identification (numbering of clouds) one obtains a
picture of changes in the position and shape of the horizontal projection of
each cloud. By taking stock of the nature of the changes observed, one classifies
the periods of development of a given cloud into separate types of tendencies.
In Fig. 6d the author shows by different hatchuring the following types of
tendencies:

— horizontal lines — a weakening cloud development,

— cross-hatchuring — an increase in horizontal cloud dimensions,

— oblique lines — a tendency towards stagnation,

— dotted marking — a lack of definite changes.
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Because the development of convective clouds usually comprises a combi-
nation of all the above tendencies, an abundant statistical material is indispen-
sable so as to perceive territorial differences in the structure of these tendencies
and to obtain a picture of climatological value.

After collecting a set of maps thus compiled as illustrated in Fig. 6d, one
stakes out on the warp of a one-kilometre lattice chart the structure of partic-
ular tendencies (Fig. 7a). In each of the squares the particular fields, in a
downward order, conform successively with: a growing tendency (darkened
fields), a decreasing tendency (white fields), a tendency towards stagnation
(darkened fields), and indefinite conditions (white fields). After availing oneself
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of the material prepared in this way, one can now draw isolines of the pro-
portional sharge of particular tendencies regarding all cases observed. In
Fig. 7b this share is drawn for tendencies of increase, in Fig. 7c for tendencies
of decrease, and in Fig. 7d for tendencies towards stagnation. The material
taken into consideration in this example is derived from the middle reach of
the Vistula valley, where it was possible to detect distinct interrelations be-
tween the ground surface and the development of convective clouds and other
low-level clouds. Particularly well illustrated is the pattern formed by cases
of cloud stagnation, showing clearly a maximum value above the high right-
hand bank of this valley.

For minor differences in the stages of the formation of particular Cu clouds,
favourable results are obtained by analyzing the number of these clouds. Ano-
ther example of a fairly simple procedure is detecting spots where clouds are
forming and where they disappear.

A S e

fo X

The discussed maps indicating periods of zenith shading can be transformed
into maps showing periods of sun shading — yielding interesting comparisons
with results obtained from heliographic and actinometric measurements.

Cloud maps may also serve as a means for non-cartographical studies; in-
teresting in this respect are isopleths of changes in relative cloud dimensions,
charts showing changes in the structure of clouding, or cloud-forming patterns.
The chances of contriving new methods of interpretation and display seem un-
limited.

The purpose of every geographical study is a cartographical synthesis. In
our present report we aspire after a cloud-forming regionalization. This is done
separately for selected weather types or selected synoptical conditions, and for
a given type or given types of clouds. A comprehensive regionalization reflect-
ing the climatological nature of cloudinesss above a given area requires a
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from —10.3° to +2.1°. The number of winters having mean temperature ana-
logous to the mean temperature of the 150-year period, amounts only to 41.
A greater number of winters can be found in the next section of mild winters
(Table 1). In Table 2 we can see, that only five winter months (once December,
once February and three-times January) had mean temperatures lower than
0°, nevertheless, in each case those temperatures were higher than the mean
temperature of many years. In five cases December proved to be the warmest
month of the winter, also in five cases February was the warmest month of
the winter and only once, was January recorded as the warmest month, and

TABLE 1. Classification of winters in Cracow

(1826-1975)

Type of winter Number A
Very frosty winters 1 0.7
Frosty winters 13 8.7
Medium-frosty winters 38 25.5
Light-frosty winters 41 27.3
Mild winters 46 30.7
Very mild winters 11 7.3

TABLE 2. Very mild winters in Cracow (1826-1975)

Mean temperature Extreme temperature
Year 1 winters 1
winters XII I 11 max. min.
max. min.

1833/34 1.1 2.8 1.0 —0.5 4.0 —1.4 12.9 —16.4
an o

1842/43 1.8 1.1 —0.6 5.0 4.4 —0.7 15.6 —14.6
an an

1898/99 1.3 2.2 1.2 0.5 4.5 —1.6 14.4 —16.4
an an

1909/10 1.2 1.0 0.2 24 4.2 —1.7 14.0 —13.6
an o

1914/15 1.1 2.4 0.0 0.9 3.7 —1.6 11.9 —13.2
an an

1915/16 1.8 2.8 2.3 0.4 4.7 —1.0 14.9 —12.6
(XII) (XII)

1924/25 1.6 —0.8 1.3 4.4 4.7 —1.4 16.9 —9.7

() (d and II)

1956/57 1.0 0.2 0.7 3.3 3.5 —1.3 11.8 —14.9

(XII) (X11)

1960/61 1.1 3.1 —2.4 2.6 3.8 —1.9 13.9 —20.2
(XII and II) (40}

1973/74 1.4 0.3 0.8 3.2 4.4 —1.1 14.7 —13.7

11 (X1I)

1974/75 2.1 3.2 3.5 —0.3 5.2 —0.2 12.3 —=9.1

(X11) an
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Fig. 1. Course of the mean v temperature deviations of winters in Cracow (1826-1975)

of the air flows in our country during the circulation epoch of the years
1940-48, contrary to the other parts of Europe (Girs 1974), because in this
short period there appeared frosty winters in 1939/40, 1941/42, 1946/47 and
mild ones — in 1942/43, 1943/44, 1947/48 and 1948/49. The last period of twenty
years is classed among the most turbulent periods as far as the forming of
winter temperatures is concerned, however, the general trend of their increas-
ing still remains. The variation of the winters in this period tells of the pre-
dominance of the meridional circulation of mixed type.

Attempts to connect the winter temperatures in the larger areas with the
cycles of solar activity lasting 90-year, confirms the influence of those cycles
on the appearance of the winter temperature anomalies (Rubashev 1974; Val-
nié¢ek 1965). We can see similar dependences in the investigations of the appe-
arance of the frosty and mild winters in Cracow in the particular ‘“‘quarters”
of the 90-year cycles (Trepiniska 1973; Table 3). Nevertheless, in the case of the
appearance of frosty and mild winters in the last period, it means in the first
‘““quarter” of the 90-year cycle, in which according to the forecasts the climate
should be cooled — we do not observe such climatic trends. Maybe, the influ-
ence of solar activity is disturbed by other processes, and here, it is necessary
to mention human activity.

TABLE 3. Comparison of the observed climatic trends with the appearance of frosty and mild
winters in Cracow (1826-1975)

Number of the winters in

Quarters of the secular Climatic trend Cracow with the mean temp.
cycle of solar activity in Europe A L —
< —5° = —4° = 0° > 1
IIT (1830-1847) warming-up 3 6 3 2
IV (1848-1870) cooling down 1 (3 4 0
I (1871-1893) o 4 8 3 0
IT (1894-1917) warming-up 0 1 5 4
IIT (1918-1936) = 1 2 6 1
IV (1937-1957) cooling down 4 5 6 0
I (1958-1979?) o reg. 1 2 (3 3
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Fig. 2 shows the relations between the secular (90-year) cycle of solar acti-
vity and the course of the winter temperatures in Cracow. The curve a shows
the course of the greatest mean numbers of Wolf out of consecutive 11-year
cycles. It was equalized by the computation of the quaternary consecutive mean
temperatures, which were composed of the maxima from 1816. The curve b
shows the course of the mean winter temperatures equalized by computation
of the 35-year consecutive mean temperatures (from 1826 to 1974).

e

» 100 = 0

Wolf numbers
o
Temperofuro

A -2
50
/__/\../ 2.3
-4
1850 1900 l 1950 yeor

Fig. 2. Comparison of the secular cycle of solar activity with the course of mean
winter temperatures in Cracow
a — highest mean Wolf numbers (1816-1969), equalized by the consecutive quarternary, b — mean
winter temperatures (1826-1975), equalized by 35-year consecutive mean

In the period of the maximum blotting of the Sun — the winter tempera-
tures were lower, and in the period of minimum blotting of the Sun, the
winters were mild, however, a certain delay in the appearance of the determin-
ed winter temperatures in relation to the extremes of solar activity can be
noticed.

The above mentioned dependences are not so simple and further research
should discover their complicated nature and the course of these relations.

Jagellonian University
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GEOGRAPHIA POLONICA 33, 1976

RESEARCH PROBLEMS OF THE FIRST MONGOLIAN-POLISH
PHYSICAL GEOGRAPHICAL EXPEDITION TO THE KHANGAY
MTS. IN 1974

KazimiERz KLIMEK, RADNARIN LOMBORINTCHEN, LESZEK STARKEL
and TSESEMIN SUGAR

The Khangay is one of the mountain ranges of Central Asia extending over
a distance of more than 700 km and attaining in its main ridge a mean height
of 3000-3500 m. The highest peak, Otgontenger-uul reaches 4031 m. The ridge of
the Khangay represents a continental water divide between the basin of the
Arctic Ocean and the endereic areas of Central Asia. On its southern slope runs
the boundary between the zones of forest and steppe; forests grow on north-
facing slopes and the zone of steppe and semi-deserts is to the south. From the
main range branch a number of secondary mountain ridges of lower altitude
(Fig. 1).

/
f/
———
\

4
)
\

Fig. 1. Location of investigated area on the background of Khangay Mts. (Mongolia)
Onomastics according to Britannic Atlas, Chicago 1970
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PHYSICAL GEOGRAPHICAL PROBLEMS OF THE KHANGAY

The Khangay is a rigid block of Caledonian folds dissected by younger
granitic intrusions and bordered on all the sides by zones of tectonic depressions
and horsts (Fig. 2) (I. B. Fillipova, L. P. Zonenstein, V. A. Armantov, E. V. Mi-
chailov 1973). The Paleozoic relief of that area has since been modelled under
subaerial conditions. Situated as it is in the centre of the Asiatic continent that
mountain massif has since at last the Cretaceous period been under an extre-
mely continental climate (E. G. Ravski 1972). The relief of the Khangay is
characterized by vast plateaus in the centre of the massif, and well developed
pediments on its margin. Correlative deposits associated with the destruction
of the massif fill in tectonic depressions situated on its margin. The problem
of age and origin of these dominant and no doubt very old landforms as well
as their reference to the correlative deposits on the edge of the Khangay has
not yet been established (E. M. Murzayev 1952, E. S. Selivanov 1972).

In the Quaternary the Khangay was glaciated as evidenced by deep corries,
glacial troughs and moraine ramparts, as first raported many years ago
(J. G. Grano 1910; E. M. Murzayev 1952). The Quaternary was at the same time
a period of the development of subsurface glaciation of that area which is
expressed in the occurrence of permafrost (G. F. Gravis, A. M. Lisun 1974). The
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Fig. 2. Geological sketch of the Khangay block (after L. P. Zonenstein)
1 — Jurassic sedimentary rocks, 2-— Jurassic volcanic rocks, 3 — Permian deposits, 4 — upper-
-Khangay series, 5 —lower Khangay series, 6 —lower-Carboniferous series, 7 — Palaeczoic
sedimentary-volcanic deposits, 8 — lower Palaeozoic sandy-shaley deposits, 9 —lower-Cambrian
deposits, 10 — younger-Mesozoic granits, 11 — upper-Palaeozoic Khangay granodiorites, 12 —
upper-Palaeozoic granitoids, 13 — faults
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EVALUATION OF SNOW CONDITIONS 123

Bieszczady Mts. On average the first snow precipitation was recorded at the
earliest (as early as in the second half of October) in the area of the Bieszczady
Mts. and the latest, in the last 10 days of November (in the Lublin Plateau and
on the Tarnobrzeg Plain). From the analysis of the low atmosphere synoptic
charts it appears that the first snow precipitation in the investigated area usual-
ly occurs at the inflow of the cool air from the North or North-East. The masses,
rising to the windward side of the Swietokrzyskie Mts. and Roztocze, are cooled
adiabatically, bringing onto the hills precipitation in the form of snow. Falling
towards the Sandomierz Basin the air warms up dynamically; if such condi-
tions cause simultaneously precipitation, it probably occurs in the form of snow
or rainfall. To support the above assumption we observe that the area conta-
ined in the junction of the Vistula and the San river, to which from the north-
through the Vistula river bed without obstacles the inflow of cool air, brings
the occurrence of the first snow precipitation several days later, than on the
Tarnobrzeg or Bilgoraj Plain. In spring the last precipitation occurred at the
earliest data in the Lublin Region, on an average in the first 10 days of April,
but in the Carpathian Foothills and the Roztocze Region, toward the end of the
second 10 days of April. The latest snow precipitation to be recorded was in the
third 10 days of April (on an average) in the Lower Beskid Mts. and in the
Bieszczady Mts.

)

\ N ] o~ 3 : 87
M\, ooy / = | \ A
\ . S / e ) ’; ’ /

5 % N / — . \ . /
Fig. 1. Synoptic condition in Middle Europe on the days 11-12 November 1965 at
01 GMT (a section of synoptic chart issued by the Hydrological and Meteorological

Institute)

SNOW COVER ON THE AREA OF SOUTH-EASTERN POLAND

The appearance of the snow cover in south-eastern Poland is observed on
an average between the third 10 days of November and the first 10 days of
December, but on an area of over 600 m a.s.l. it forms as early as in the second
10 days of November. The snow cover formed during these periods is usually
temporary and disappears in a few days. The consolidated snow cover, that is
that which persists for seven and more days appears on an average in the
second half of December, but in the Roztocze Region, in the Lower Beskid Mts.,
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in the Swigtokrzyskie Mts. and the Bieszczady Mts. and on the windward affor-
ested slopes it is recorded as early as in the first half of December.

The end of the snow cover in the northern regions of south-eastern Poland
occurs on an average in the first half of March, and in the southern, highest
parts of the investigated area, towards the end of the third 10 days of March.
From the measuring data it follows that the potential period of consolidated
snow cover persistance in the north part of the Lublin Plateau amounts to c. 85
days (from 15 December to 10 March) but in the Lower Beskid Mts. and in the
Bieszczady Mts. c. 105 days (from 5 December to 20 March).

Following data from the period 1950-1970 the mean yearly number of days
with snow cover amounted from c. 70 days in the north-western parts of the
Lublin voivodship to 90 days in the Roztocze Region, and over 100 days in the
Swietokrzyskie Mts., Lower Beskid Mts. and low parts of the Bieszczady Mts.
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Fig. 2. Mean number of days with snow cover (in winter) in south-eastern Poland
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From the measuring data and the appropriate recounting of the respective
equations it is found that the mean number of these days in the Higher Biesz-
czady Mts. ranges from 120 to 160 (Fig. 2).

In the discussed twenty-year period there were winters, in which the snow
layer persisted for extremely long periods, while in other winters it did not re-
main long. The variability could well be illustrated by the measuring data
from two winters in Lublin. During the winter of 1963/1964 119 days with snow
cover which is nearly 200% of the mean from the twenty-year period, were
recorded, but during the winter of 1960/1961 only 36 days with snow cover
which is c. 55%6 of the mean walue from the observed period. Similar examples
could be listed too, for numerous other localities situated in various regions of
south-eastern Poland. Such significant discrepancies in the nival conditions of
individual winters during the period of 1950-1970 are no doubt the result of a
considerable variability in the frequency of inflow and persistance of indivi-

TABLE 1. Mean number of days with snow cover (in winter) and maximum depth of the snow
cover against the height a.s.l. according to definite intervals

Number of days Maximum
Height Mean station Number of with snow cover snoRravE.
interval height stations e =20 om depth
101-150 138 10 78.0 12.7 53
151-200 175 58 75.3 13.4 50
201-250 221 54 71.0 18.3 58
251-300 278 25 81.5 24.5 68
301-350 322 8 79.4 22.5 73
351-400 377 5 90.7 35.1 85
401-450 427 9 91.9 36.6 91
451-500 473 4 96.5 45.9 96
501-550 527 5 105.4 54.4 102
551-600 576 3 109.6 64.3 113
601-650 633 2 108.1 50.3 114
651-700 700 1 111.8 61.2 139

doys

120

10

100

S0

50 ,
L’0 100 200 300 400 500 600 700 800 m o.5.l

Fig. 3. Dependence between mean number of days with snow cover (in winter) and
the height a.s.l.
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Fig. 4. Mean number of days with snow cover 20 cm (in winter) in south-eastern
Poland
The dependence of the number of days with a snow cover of the thickness
= 20 cm, and the height a.s.l. (Fig. 5) has proved to be essential (r = 0.8821).
The formula presenting this dependence in the linear function is:

Dps = 20 cm = 0.1019H —4.2387

where: D, > 20ecm — number of days with snow cover of the thickness
amounting to at least 20 ¢cm (in winter), H — height in metres a.s.l.

Also the dependence between the number of these days and the height a.s.l,
latitude and longitude were evaluated. It was proved that the correlation coef-
ficient is high (r = 0.8851), and the equation takes the following form:

Dps = 20cm = 0.1081H +1.1092¢ 4 0.83361 — 64.5538
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Fig. 6. Maximum depth of snow cover in south-eastern Poland

The equation allows the calculation of the maximum snow cover depth for
each obtional point of a defined height a.s.l. (Fig. 7).

An attempt to estimate the correlation between the maximum snow cover
depth and the height a.s.l., latitude and longitude has proved the substantial
relationship between these parameters. The correlation coefficient is slightly
higher than in the case when the interdependence of the maximum snow cover
depth and the height a.s.l. is defined, and, amounts to 0.8582. The equation
which enables us to culculate the maximum snow cover thickness for a ran-
domly selected locality is as follows:

D, ax = 0.1481H —0.7024¢ — 0.2214 1 + 65.8587

9 Geographia Polonica I
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"

Fig. 8. Evaluation of snow conditions for skiing, tourism and winter sports purposes
in south-eastern Poland (I — very good, II —good, III — average, IV —poor, V —
very poor snow conditions)

Class IV: Poor snow conditions

The areas included in this class have a number of days with a snow cover of
the depth of at least 20 cm (on an average) from 10 to 30 during winter time.
In most cases the maximum snow cover depth does not exceed 60 cm. The snow
layer appears in the first 10 days of December and disappears in the third 10
days of March. The potential period of its duration amounts to c. 120 days.
This class covers almost the whole of the Lublin voivodship except for the
Roztocze, Tarnogrdd Plain and ELeczna Lake area, the eastern part of the Kielce
voivodship, except for the Swietokrzyskie Mts., the prevailing part of the San-
domierz Basin, Kolbuszowa Upland, Cigzkowice Foothills and the Jasto-Sanok
Basin.

9*
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Cilass V: Very poor snow conditions

This class covers the area located in the middle section of the Wieprz river
including the Leczna Lake area, the western part of the Sandomierz Basin and
the small enclaves at the mouth of the San river, and the Vistula river valley.
Days with a snow cover of the thickness = 20 cm were recorded sporadically:
in total they did not amount to more than 10 during the whole winter. The
potential period of the snow cover occurrence is c. 100 days. The maximum
depth of the snow cover on this area ranges from 30 to 40 cm.

FINAL REMARKS

This attempt at elaborating a classification for south-eastern Poland in view
of the needs of recreation and winter sports is the first one of this type. The
results obtained do not bring a complete answer to the questions and postulates
presented by a wide group of users. Nevertheless, they indicate, in our opinion,
the most essential criterions for the evaluation of the snow conditions in the
investigated area.

TABLE 2. Correlation coefficients between the number of days with snow cover, its maximum depth
and the height a.s.l., latitude and longitude

1 2 3 4 5 6

1 +1.0000

2 —0.7075 +1.0000

3 —0.2043 +0.3630 +1.0000

4 +0.8040 —0.3345 +0.0799 +1.0000

5 +0.8821 —0.5826 —0.1213 +0.8319  +1.0000

6 +0.8580 —0.6217 —0.1888 +0.7017 +0.8442 + 1.0000
Explanations: | — height a.s.l., 2 —latitude, 3 — longitude, 4 — number of days with snow cover, 5 — number of

days with snow cover > 20 c¢cm, 6 — maximum snow cover depth

Attempts at the estimation of the correlation between the height a.s.l., lati-
tude and longitude and the basic nival characteristics in general brought posi-
tive results (Table 2). The obtained correlation coefficients are important as
early as on the level of 0.10/p at values greater than 0.30 or smaller than —0.30.
The equations derived make it possible to calculate in an easy and simple way
means (for winter) on individual snow characteristics for randomly selected
localities, if the height a.s.l. is known. For the receipt of more precise data it
would be advisable (in some cases) to know the latitude and longitude values.

Department of Meteorology and Climatology
Institute of Earth Sciences
Marie Curie-Sklodowska University, Lublin
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Fig. 1. Scheme of a plan of regulating the Vistula river
1 —projected steps; 2 — existing step; 3 — edges of the valley

The dam of Wloctawek consists of the following objects counted from the
left banks: a sluice gate 14 m wide for 1000 t barges, a channel for fish, a
power house with six turbines of 160 MW strength, a relief dam with 10 bays
20 m wide and the head or frontal dam having a length of 626 m.

The electric works at Wioctawek, the largest of this type in Poland will not
reach full productive strength until the erection of the equalizing dam at Cie-
chocinek. Owing to the 1968 general plan for the country regarding water man-
agement, elaborated by the Central Board of Watermanagement (Centralny
Urzqd Gospodarki Wodnej), the erection of the dam at Ciechocinek is not
foreseen until 1980. Until then only 56%s of the electric potential (i.e. 90 MW)
will be produced. The total power of all the electric works erected on the dams
in the Lower Vistula will amount to 820 MW and the yearly production of
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From the south, the Reservoir adjoins the low terrace-like levels of sandy,
permeable forms. This area is investigated in order to examine the quantita-
tive and qualitative changes of the aquatic situations in the grounds adjoining
the Reservoir. The investigations involve a belt of c¢. 25 km in length and
c. 8 km (180 km?) in width running along the Reservoir. During the first year,
investigations and survey works were carried out on an area twice as large.

The largest changes in the hydrographic net and in the hydrologic relations
occurred in the zone directly adjoining the Reservoir (1-2 km). It has been
found that in this zone, resulting from the damming, the water table of ground
waters rose by 1-2 m. The levels of surface and ground waters depend on the
level in the Reservoir and their amplitudes ‘“softened” in comparison with the
time before the damming. The rise of the ground waters coused a rise of some
subflooding in the lowest grounds situated between the side wall of the Reserv-
oir and its Main Canal. At high levels in the Reservoir and during rain, the
ground water penetrates to the surface. It would be advisable to erect some
pump works in the regions mostly endangered (e.g., in the village of Skoki
Wielkie). Advancing towards the south the ground rises and gradually the table
of ground waters also decreases — the effects of the damming decline and the
hydrologic situation is regulated solely by the normal meteorologic factors.

The waters flowing off the Reservoir caused an increase of erosion within
the river bed in the zone situated below the Reservoir. This erosion was partic-
ularly active during the first period of the existence of the Reservoir, i.e., from
the year of 1969 till 1971. The maximum erosion occurred at the first profile
situated about 600 m below the dam and, according to the calculations of Z. Ba-
binski, amounted to 2033 m® which, taking into consideration the width of the
bed which is over 1000 m, resulted in the lowering of the river bed mean by
2 m. From a 9 km sector of the river bed there was carried away 4,195,152 m?
of material which, taking into consideration the width of the river bed of about
850 m, resulted in an erosion of the depth of about 0.55 mm. The deepest erosion
has been noticed in the direct neighbourhood of the dam. The erosional process
in this sector decreased at the end of 1971 as the result of the stabilization of
this section of the river bed. The dam offers the possibility of controlling the
flow of the Vistula waters as demonstrated by the general flattening of the
short-termed flood wave and the daily oscillation of the water levels. The dam
has changed also the direction of the main stream towards the left bank of the
River. Previously the main stream flowed near the right hand bank.
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Fig. 2. Pattern of geological structure of the Vistula valley at Dobrzyn (after
M. Banach)
1 — boulder clay; 2 — glacifluvial deposits; 3 — lake-ponded deposits; 4 — Pliocene sediments;
5 — Miocene sediments; 6 — water level of Vistula, after ponding
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GEOGRAPHIA POLONICA

Vol. 1. 11 papers devoted to the present status of geography in Poland and 3 papers
giving the results of research. List of Polish geographers, geographical institutions
and geographical periodicals, 262 pp., 20 Figures, 1964 (out-of-print).

Vol. 2. 34 papers prepared by Polish geographers for the 20th International Geograph-
ical Congress in London, July 1964, 259 pp., 91 Figures, 1964.

Vol. 3. Problems of Applied Geography II. Proceedings of the Second Arnglo-Polish
Seminar at Keele — Great Britain, September 9-20, 1962, Co-edited by the Institute
of Bﬂ% Geographers. 21 papers by British and Polish geographers, 274 pp., 69 Fig-
ures, 1964.

Vol. 4. Methods of Economic Regionalization. Materials of the Second General Meet-
ing of the Commission on Methods of Economic Regionalization, Internatonal Geo-
graphical Union, Jablonna — Poland, September 9-10, 1963. Reports, commrunications
and discussion, 200 pp., 6 Figures, 1964.

Vol. 5. Land Utilization in East-Central Europe. 17 case studies on land we in Bul-
garia, Hungary, Poland and Yugoslavia, 498 pp., 104 Figures, 16 colour maps, 1965.
Vol 6. 14 papers prepared by Polish geographers for the Seventh World Conference
of INQUA in U.S.A., September 1965, 150 pp., 86 Figures, 1965.

Vol. 7. 10 papers on the geography of Poland, mostly dealing, with the economic-
geographical problems of Poland, 132 pp., 46 Figures, 1965.

Vol. 8. Aims of Economic Regionalization. Materials of the Third General Meeting
of the Commission on Methods of Economic Regionalization, IGU, Londoz, July 23,
1964. Report and 5 papers, 68 pp., 7 Figures, 1965.

Vol. 9. Colloque de Géomorphologie des Carpathes. Materials of the geomorphological
symposium held in Cracow and Bratislava, September 17-26, 1963, Report 7 papers,
2 summaries, 118 pp., 22 Figures, 1965.

Vol. 10. Geomorphological Problems of Carpathians IL Introduction and 6 papers by
Rumanian, Soviet, Polish, Hungarian and Czech geographers, 172 pp., 68 Figures, 1966.
Vol. 11, 11 papers prepared by Polish geographers dealing with the history of Polish
geography, Polish studies on foreign countries and different economic-geographical
questions concerning Poland, 154 pp., 36 Figures, 1967.

Vol. 12. Formation et 'Aménagement du Reseau Urbain., Proceedings of tle French-
Polish Seminar in urban geography. Teresin, Poland, September 20-30, 1955. Papers
by French and Polish geographers, discussion, 208 pp., 51 Figures, 1967.

Vol. 13. § papers embracing different fields of both, physical and economic geography,
all of which have been devoted to methodological problems and research tachniques,
130 pp., 4 Figures, 1968,

Vol. 14. Special issue for the 21st International Geographical Congress in New Delhi,
968, 43 papers prepared by Polish geographers: 24 dealing with physical a:d 19 with
economic and human geography 406 pp., 80 Figures, 1968,

Vol. 15. Economic Regionalization and Numerical Methods. The volume comtains the
final report on the activities of the IGU Commission on Methods of Economic Region-
alization, as well as a collection of 8 papers by American, Canadian, Soviet and
Polish authors, 240 pp., 54 Figures, 1968.

Vol. 16. 11 papers dealing with research problems and techniques in both economic
and physical geography, 136 pp. 27 Figures, 1969.

Vol. 17. Special issue prepared for the 8th Congress of the International Union for
Quaternary Research Paris, 1969, 28 papers by Polish authors, including studies in
stratigraphy and neotectonics (6), geomorphology and paleohydrology (10), pileobotany
(3), sedimentology (5), archeology (4), 428 pp., 122 Figures, 1969,

Vol 18, Studies in Geographical Methods. Proceedings of the 3rd Anglo-Pilish Geo-
graphical Seminar, Baranéw Sandomierski, September 1-10, 1967, 260 pp, 54 Fig-
ures, 1970,

Vol. 19. Essays on Agricultural Typology and Land Utilization, 20 papers presented
at the meeting of the Commission on World Agricultural Typology of the IGU, held
1968 in New Delhi, 290 pp., 97 Figures, 1970.
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20,9 rs on various aspects of both physical and economic geography, includ-
;ﬂhntuo\fon. international trade, changes in rural economy, industrial develop-
@u physiography and hydrographic mapping, 183 pp., 69 Figures, 1972,
1. 10 pipers dealing with selected problems of economic growth, transportation,
rtographic methods and theory, climatology and geomorphology, 147 pp., 82 Figures,

15 papers prepared for the 22nd International Geographical Congress in
eal, Aigust 1972, 205 pp., 43 Figures, 1972,
L. 28. Prerent-day Geomorphological Processes. Issue prepared for the 22nd Inter-
tional Geigraphical Congress by the IGU Commission on Present-day Geographical
s 110 pp., 82 Figures, 1972,
Gearaphical aspects of urban-rural interaction. Proceedings of the 4th An-
sh Ceographical Seminar, Nottingham, September 6-12, 1970, 256 pp., 76 Fig-

. 25, Perspectives on spatial analysis. 7 papers presented at the meeting of the

Commission on Quantitative Methods of the IGU, held 1970 in Poznah, Poland, 140

51 1973.

Vol. 26. Scimtific results of the Polish geographical expedition to Vatnajokull (Ice-

land), 311 pp., 253 Figures, 1973.

Vol. 27. 20 papers presented by the Soviet and Polish Geographers at the First Polish-

Soviet Geographical Seminar in Warsaw, Szymbark and Cracow, 22nd May to Ist

June, 1971, :89 pp., 25 Figures, 1973.

Vol, 9 pipers embracing different fields of geography, 144 pp., 36 Figures, 1974.

Vol. Madernisation des Campagnes. Actes du IV® Collogué Franco-Polonais de
) Augustéw, Pologne, Septembre, 1973, 444 pp., 145 Figures, 1974.

Vol. 30. Prcceedings of the second Polish-GDR Seminar, Szymbark (Poland), April,

1972, 151 pp, 21 Figures, 1975.

Vol. 31. 11 papers embracing different fields of geography, 235 pp., 61 Figures, 1975.

Vol. 32. 12 papers dealing with physical development of Poland 143 pp., 22 Figures,

1875. Index to Geographia Polonica, vols. 1-32.
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GEOMORPHOLOGICAL OUTLINE MAP OF THE SILESIEN UPLAND (SOUTHERN POLAND)
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EXPLANATORY NOTES

I. Great convex tectonic landforms of
erosional-denudational relief

Types of morphostructures:

A Horst-structure upland (Hercymian massi!
exhumad from b th tha capping M

Strata)

Horst of plateau-type with remnants of
a pre-Badenan degradation surface

“WN Warszaws 1976

B. Monocline-structure upland

High-relie! upland of platesu-type with
remnants of a pre-Badenian degradation surface

B Undulating upland ridges
Low-relief upland wath remnants of Pliocene

and Quaternary degeadation surfaces cul
In wesk rocks

Il. Smaller landforms and their elements

A Tectonic landforms
E] Floxure and fault scarps of Miocene age
Obsequent tault-ling scarp of Pliocens age

Cuesta of Pliocens age consisting of:

[s==] timestones

limestones and dolomites
e conglomerates and sandstones
& 77| Denudstional outlier

C. Fluviol landforms
C1. Erostonal landiorms

-
-

Small erosson - denudational valleys having
alluwial Doors

C2. Depositional landforms
Alluvial plain
- Upper Pleistocene river terrace

- River terrace of Riss age

D. Landlorms of Riss [ glacial-
-and glacio-fluvial deposition

@ Residual morsine hummock

E Residual kame mound
Degraded outwash plain

E. Karstic landforms
Remainder hill heavily modified
by karst processes

[+ +] ooline pitted timestone area

] oo

F. Aeolisn landforms

El Dune ares. plant-covered

Druk WZKart C-85201 Nakt 2470

EXPLANATORY NOTES

I. Great convex neotectonic landforms (positive neotectonic
tendencies, erosional-denudational relief)

Types of morphostructures:
A. Folded flysch mountaing (formed after the Paleogene)

Ex]

==
=

Highest areas (monadnock summits, ndges de résistance)
showing high relative relief {300-400 m.)

Mountains and high uplands with fragments
of intramontane planation surfaces

Uplands with fragments of a Pliocens planation surface

Lower foathills with fragments of & Lower Quatemary
planution surface

Il. Smaller landforms and their elements

A. Tectonic landforms

Areas sh 9 posit ts (axes of uphty)

B. Denudational landlorms

Mountain ridges and escarpments of relative relief
below 250 m.

Mountain ridges and ascarpments of between
260 m. and BOO m.

o] o] svmctios s

| [

EE‘]““W“ formed on front of nappes
[rrver] [rrervr] monoctinai ridges with siope of cuesta:-type

e™]

Landslide areas

C. Fluvial landforms

C2. Depositional landforms

Accumulational valley floors (Holocene terraces,
partly together with Upper Pleistocens terraces)

- Uppor Pleistocene low terraces

PWN Warszawa 1976
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Part of Skawa river basin
(West Carpathians)

Part of upper San river basin

Part of Dunajec nver basin
(West Carpathians)

L STARKEL

(East Carpathians)

Drh WZKart C-B201 Nekt 2470
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