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52 M. KLIMASZEWSKI

basin, while the rivers Dunajec and Orawa issuing from this lake eroded gap
valleys due to overflow, e.g., the Pieniny Gap.

Reports on glacial forms and deposits in the Tatra Mountains are also found
in publications by S. Roth (1878), E. Dziewulski (1879), Wierzejski (1883), F. De-
nes (1889), V. Uhlig (1897) and A. Rehman (1893). A. Rehman [55] described
a number of glacial land forms such as corries, troughs, rock basins, as well as
end, lateral and ground moraines. He reflected on the origin of some of these forms,
taking into account contemporaneous opinions expressed by Helland and Richt-
hoffen. Rehman suggested the glaciation of not only the Tatra valleys but also,
like Alth, a joining of glaciers in the northern Tatra foreland and a wide (as much
as 30 km) range of the piedmont glacier. Later scientists like J. Partsch (1882, 1907,
1923), R. Lucerna (1908), W. Kuzniar (1910), A. Gadomski (1926, 1936), E. Romer
(1927, 1929) and B. Halicki (1930, 1932) attempted to establish the number of glac-
ial periods, and the course and the causes of Tatra glaciations.

For solving the main problem, i.e. the chronology of the Tatra glaciations,
much more evidence was found in the foreland than in the interior of the Tatra
massif. Because of this we find more data on the glacial morphology of the Tatra
in older papers, especially those by Lucerna and Partsch, than in more recent stu-
dies like Romer’s and Halicki’s.
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Fig. 1. Three gravel covers at Zakopane, after J. Partsch [46]

Opinions on the extent, number, role and causes of the Tatra glaciations vary wi-
dely. Lucerna [41] applied to the Western Tatra the system adopted by A. Penck
whose student he had been. He assumed a fourfold Tatra glaciation, on the basis
of the occurrence of four glacial troughs that were cut in a descending sequence,
and of four glaciofluvial levels. He ascribed the formation of troughs to the dee-
pening action of glaciers, and estimated the overdeepening of the Western Tatra
valleys to be some 400 m. According to Lucerna, the Tatra relief is of exclusively
Pleistocene age.

In 1923 appeared J. Partsch’s third paper entitled: “ Die Hohe Tatra zur Eis-
zeit”. Here this author presents a new opinion on the course and extent of the
High Tatra glaciations. In view of the occurrence of morainic deposits and fluvio-
glacial sediments at three levels he assumes for the Tatra three glacial periods and
four stages of recession. In contrast with Lucerna, he recognizes the pre-Quater-
nary dissection of the Tatra by fluvial valleys and, afterwards, their marked trans-
formation by the destructive action of glaciers. In his opinion, the Tatra ridges
were lowered during the Quaternary by at least 300 m, while in the valleys he failed
to observe traces of inserted troughs.
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54 M. KLIMASZEWSKI

Fig. 2. Longitudinal profiles of glaciated valleys (G) and non-glaciated valleys () in the Bystre
drainage basin (Tatra)
A — erosional-fluvial steps, glacially altered, E— snow-line during Wirm period, D — glacier surface during Wiirm
period, I — II — glacially altered sector of valley, non-rejuvenated in Upper Pliocene, II—III — glacially altered sector
of valley, rejuvenated in Upper Pliocene, III—IV — sector of fluvial valley, rejuvenated in Upper Pliocene and Lower
Pleistocene.

basins there moved downward into the preglacial (Upper Pliocene) valleys large
masses of ice (block or extrusive movement); because of this, both the corries and
the valleys mentioned suffered marked alterations (Fig. 3). On the other hand,
in the Western Tatra, from relatively small basins there flowed much smaller and
thinner valley glaciers (laminar movement) into the mature valleys — so that
here corries and valleys both underwent but minor changes (Fig. 4). In the Tatra
interior, traces of the last glaciation are distinctly noticeable. Even so, the large
glacial land forms like corries and glacier troughs are the result of three glacia-

Table I

Recession moraines of glaciers on the northern Tatra slops during the Last Glaciation,
attempt of correlation

Stages in the Tatra End 1’}101’311‘165 Stages in the Alps (?) Stages in the Lowland

at altitudes of @)

maximum extent 914—1150 m maximum extent — Brandenburg and

Wiirm Frankfurt

Stage I 1280—1370 Biihl Pomeranian

Stage 11 1540—1580 Schlern Riigen

Stage III 1660—1730 Gschnitz Little Belt

Stage IV 1770—1840 Daun Older Dryas

Stage V 1930—1960 Eggessen Younger Dryas

Stage VI i 2160 Fernau (?) 1600 (?)

tions, superimposed on identical forms and altering them in different degrees.
During the Last Glaciation, deglaciation proceeded frontally or areally, depen-
ding on the valley relief. There also were determined six periods of stagnation
and, locally, of re-advances marked by ridges of end moraines (Table I).

During the period of glacier retreat and preceding the Holocene, i.e. the
late glacial, destruction of the Tatra valley floors and slopes proceeded very inten-
sively. In the Holocene, the morphogenic processes are linked with vertical
climatic zones [38, 34, 35], while the extent of alterations in the Pleistocene relief
of the Tatra is mostly insignificant. Thus, in each glacial period the principal
phases of Tatra destruction coincide with the early and the late glacial, whereas
removal of debris occurred during the time of maximum glacier development.
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Fig. 3. Longitudinal profile of the strongly altered valley of Five Polish Lakes and of the Roztoka valley, after M. Klimaszewski
A — erosive-Tluvial steps glacially altered, B — kettles scoured by slides of ice masses, C — confluence kettles, D — glacier surface during Wirm period, £ — snow-line during
Wirm period. 111 — glacially altered sector of valley nonrejuvenated in Upper Pliocene, 11111 — glacially altered sector of valley, rejuvenated in Upper Pliocene, 1111V — gla-
cially altered main valley, rejuvenated in Upper Pliocene and Lower Pleistocene,
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Fig. 4. Longitudinal profile of Koscieliska valley, less glacia 1 ed, after M. Klimaszewski

{ — ¢ y altered, D 8 er surface during Wi period, £ « g W
period, I—II — glacially altered sector of valley, non-rejuvenated in Upper Pliocene; II—IIT — glacially altered sector
of river valley, rejuvenated in Upper. Pliocene and Lower Pleistocene,

In the Beskidy, remnants of a mountain glaciation were identified much later.
Under Alth’s spell [1], in 1881 W. Szajnocha [82] believed local boulders and, in
1882, R. Zuber terrace gravels spread over valley floors to be glacial deposits;
however, this notion did not endure. On the other hand, glacial land forms were
discovered on the Babia Gora, Pilsko and Barania Géra. Pseudoglacial forms on Ba-
bia Géra were mentioned as early as in 1880 by H. Zapalowicz, but it was not until
1913 that “Glacier Landscapes of the Western Beskidy” were described in detail
and identified as glacial forms by Ludomir Sawicki [59]. In the Babia Géra massif
this author distinguished 12 corriers situated at altitudes of between 1370 to 1600 m.
Their glacial origin was questioned, in part, by M. Klimaszewski [28] and, com-
pletely, by K. and J. Zietara [93] in favour of landslide forms. On the Pilsko, L. Sa-
wicki found three glacier corries at 1280—1410 m, S. Pawtowski [51] adding a fourth
corrie. Furthermore, on the Barania Gora, L. Sawicki assumed the preservation
of one corrie at 1100 m. In agreement with opinions then prevailing (mainly
Partsch’s), L. Sawicki distinguished first a fjeld glaciation followed by a corrie
glaciation, and both of these phases he assigned to the Wiirm. The glacial land forms
occurring in the Beskidy require further detailed studies.

2. EVOLUTION OF RESEARCH OF THE EXTENT OF THE SCANDINAVIAN INLAND ICE
IN THE MARGINAL PART OF THE CARPATHIANS

It also was L. Zejszner [92] who initiated studies of the extent of the Scandi-
navian inland ice in the marginal part of the Carpathians. He pointed out that
blocks of granite, syenite and other crystalline rocks reach as far as Cracow and
the Beskidy foreland (Mogilany). Even earlier, in 1794, granite blocks were ob-
served south of Rzeszéw by Hacquet [17], and erratic boulders (“runic blocks™)
were found on the Polish territory by St. Staszic [73]. Staszic ascribed their occurrence
to water transport, and J. Pusch [54] to a “flood ” directed south-westwards. These
studies were continued by Hohenegger in the northern part of the Sola, Biala and
Upper Vistula basins, and by Alth in the Cracow region [1] and the Biala Dunaj-
cowa [2] drainage basin. Concordant with the drift theory prevailing at that time,
this author assumed that these blocks were “transported by drift-ice from Finland
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over the then existing sea to the base of the Carpathians”. More systematically (during
a geological survey) were these erratics described and examined by the Vienna,
geologists C. Paul, E. Tietze, V. Uhlig [86, 81], W. Hilber and by Polish geologists
preparing the “Geological Atlas of Galicia”. Data on erratic blocks are included
in papers by W. Szajnocha [82], A. Lomnicki [42], J. Grzybowski [15], W. Fried-
berg [10] and T. Wisniowski. All these scientists took it for granted that this north-
ern (erratic) material was brought in by the Scandinavian inland ice, and on the
basis of an analysis of the distribution of these erratics they reconstructed the ex-
tent of the inland ice.

Here two opinions should be distinguished. After V. Uhlig, the inland ice co-
vered the entire marginal part of the Carpathian Upland and its thickness must
have been great because blocks are found on valley floors (at about 200 m) and
on upland ridges (up to 420 m a.s.l.). On the other hand, W. Lozinski assu-
med in his synthetic paper “Glacial phenomena at the margin of the northern
Diluvium along the Carpathian and Sudeten Mountains” (1908 [43]), that the in-
land ice in its compact body reached merely the Carpathian margin and then
extended in the form of glacier tongues, 11 to 33 km long, into the valleys of Car-
pathian rivers. After Fozifiski, these glacier tongues, barely 10 to 25 m thick, mo-
ved upwards at a rate of 5—16 m per day. His conclusion as to the course and
extent of glaciation is based on the distribution of what he calls the “mixed gravels”
spread out over the outlet sections of Carpathian valleys and identified as a ground
moraine. Surprising is his disregard of reports on the occurrence of erratic blocks
at different altitudes (up to 420 m) contained in earlier publications. Thus later
investigations made by E. Romer [56], J. Smoleniski [63], A. Fleszar [9], S. Pawlowski
[49, 52], S. Sokotowski [66], M. Klimaszewski [25, 28], M. Ksiazkiewicz [39], K. Ko-
nior [36], J. Burtanéwna [4], J. Wdowiarz [88], etc. confirmed Uhlig’s opinion.

S N

Marginal zone of Carpathians Lowland

Fig. 5. Reconstruction of surface of Scandinavian inland ice sheet (in section) at the margin of the
Western Carpathians, after W. Lozifski [43]

a—b —floors of main Carpathian valleys. I — surface of ice sheet during maximum extent; II — surface of ice sheet
during stoppage corresponding to formation of the fluvioglacial Sub-Carpathian Wistok valley.

The extent of the Scandinavian inland ice in the marginal part of the Western Carpa-
thians was presented by Cz. Kuzniar [40], M. Klimaszewski [25], S. Sokolowski
[66] and J. Dudziak [6]. On the basis of the distribution of erratic material, M. Kli-
maszewski [25] determined that the extent of inland ice depended on the preglacial
relief. Further, that the marginal part of the Carpathian Upland up to 400 m was
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covered by ice which by lobes penetrated slightly farer into the valleys; that the
surface of the inland ice was uneven, higher northward; and that the thickness
of the ice masses varied being greater within valleys and less on summits.

3. EVOLUTION OF RESEARCH OF QATERNARY LAND FORMS IN THE FLYSCH CARPATHIANS

Attention to Quaternary land forms within the Carpathians was paid later
than the study of deposits. Among the forms identified earliest and investigated
by many scientists were river terraces. The first to describe river terraces in the
Carpathians was A. Alth [2]. In 1877 he observed terraces built of “Diluvial” gra-
vels and clays in the Sacz and Zakliczyn Basins. He believed the terrace gravels
to have been brought down by rapid rivers into lakes occupying these basins, whe-
reas the clays he considered deposits of slower water flow. Alth paid attention to
the petrographical composition of the gravels, to their varying degree of rounding
and decomposition, and to their ferruginous coating.

A considerable influence on further terrace investigations had V. Uhlig. In his
papers published in 1883 [86] and 1888 [87] he distinguished two accumulation
terraces: a higher (10—20 m) “Diluvial ” terrace built of gravels and sands, and
a lower (3—5 m) “alluvial ” terrace, mainly clayey. He considered the higher terrace
younger than the “ mixed gravels ”— thus formed after the glaciation which reached
the Carpathians. From Uhlig’s description it appears that this alluvial terrace was
inserted below the dissected cover of the Diluvial terrace.

Fig. 6. Diagram of occurrence of mixed gravels on floors of main Carpathian valleys, after W. Lo-
zinski [43]
a — alluvial clay, b — sand from washing-out of alluvial clay, ¢ — mixed gravels, d — mixed gravels of modern gra-
vel sheets, derived from older gravels, e — Carpathian Flysct.

This concept was followed by W. Lozinski [43], who distinguished in the Car-
pathians a Diluvial loess terrace of 25—30m and an alluvial terrace of 8 m occupying
valley floors. In agreement with Uhlig he ascribed their formation to the period
following the retreat of the Scandinavian inland ice, correlating the gravels with an
“ice ” phase of the Older Diluvium and the loesses with an “aeolian ” phase of the
Younger Diluvium. In the Pieniny Gap of the Dunajec River, S. Pawlowski [47]
also distinguished, an alluvial terrace of 2—5 m and a Diluvial terrace of 12—30 m.
In a similar way he distinguished in the Mleczka valley [48] and in the Wistoka
valley [49] the same two terraces, an alluvial and a Diluvial one. Pawlowski ar-
gued that in the Wistoka valley the higher terrace gravel cover, resting on a rock
bench, dates from the recession of the inland ice from the Carpathian Upland, the
dissection from the interglacial period, and the accumulation of the lower ter-
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race cover from the Middle Polish Glaciation. The results of his studies of the
Wisloka terraces he applied, in 1930, generally to the whole Carpathians [50], even
to all-Poland. This opinion was poorly vindicated as shown by the fact, that alre-
ady in 1934 this same author ascribed the gravel cover of the higher terrace to
the Last Glaciation [52].

S. Pawlowski’s opinion corresponds to V. Uhlig’s theories, although there
also are differences between them. According to Uhlig, the cover of the inserted
accumulation terraces occupy the floors of preglacial river valleys which later were
not deepened any more. On the other hand, S. Pawlowski believed that only the
lover terrace is of accumulational origin, whereas the higher terrace is an “erosional
accumulational ” form; he also claimed that in these latter terraces the cover of flu-
vial deposits rests on a high rock bench. On this basis Pawlowski concluded that
the period of maximum glaciation has been followed by the dissection of not only
the accumulation cover but also of the solid substratum, thus that today’s valley
floors lie lower than the preglacial floors.

Another trend was followed by the Polish geologists preparing the *Geolo-
gical Atlas of Galicia ”, principally A. Lomnicki and W. Friedberg. As early as in
1900 Lomnicki [42] distinguished at the Carpathian margin four Quaternary in-
serted terraces : 1) an older Diluvial (“clayey ») terrace of 30—50 m, built mainly
of washed-down boulder clay resting on a bench of Miocene clays, 2) a younger
Diluvial (“sandy ™) terrace of 20—30 m, chiefly consisting of sands later turned
into dunes, 3) an older alluvial (“rendzina ") terrace of 5—8 m, built of sands, gra-
vels and muds, and 4) a younger-alluvial (“ meadow ) terrace of 1—3 m formed
by young sands and fluvial muds. Lomnicki connected the level of the older Di-

220m A 250m

Fig. 7. Section across San valley, from Walawa to Starzawa, after A. Lomnicki [42]
III — meadow terrace, II — rendzina terrace, I — Diluvial terrace, IB — Diluvial sands, /4 — Diluvial clays, TR —
Tertiary (Krakowiec clays),

luvial terrace with the planating and flushing action of “ postglacial” waters in
the first (“desert ) phase of the “interglacial period ”, and ascribed the dissection
of this level and the formation of the younger Diluvial terrace cover to the second
(“steppe ) phase of this ““interglacial period ”. He also asserted that the “rendzina
terrace started its development at the close of the Pleistocene ”, during the second
glaciation which covered merely Northern Europe. Of “Alluvial ” or Holocene age
are solely the top strata of the rendzina terrace and the deposits of the meadow
terrace inserted below the rendzina terrace. In 1903 Friedberg [10] also assumed
that the deposits building the rendzina terrace are “predominantly of Alluvial age,
but also reach into the Pleistocene ”. Especially the bottom “greyish-blue clays”
he assigned to the Older Pleistocene, whereas the gravels and sands containing
“fossils of Diluvial animals” he ascribed to the Pleistocene.
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vered in the Poprad valley by J. Szaflarski [81]. Finally, in 1948, in his paper :
“The Polish Western Carpathians during the Diluvium ” [28], M. Klimaszewski
distinguished in the Western Carpathian river valleys (Skawa, Raba, Dunajec, Wis-
loka, Wistok and San) four accumulation covers of different ages, preserved in
the shape of four inserted terraces. He determined the fact, that these terrace co-
vers consist of fluvial deposits (non-rounded clastic material, gravels, sands, loams
and clays) and slope deposits (debris and slopewash clays). Of the above deposits

M. Lomnicki

N car'0 ~

Cw LORIORR] = i s s

o
0 S Pawtowski

1914 1925 H M Klimaszewski

Fig. 8—9. An attempt to show on a graph the diffrent views on the ages and origins of
Quaternary river terraces in the Polish Western Carpathians.

D — Diluvial terraces, SD — Early Diluvial terrace, MD — Upper Diluvial terrace; terrace covers dating

from: G — Giinz coating (?), M — Mindel (Cracovien glaciation), R — Riss (Middle Polish) glaciation,

W — Wiirm (Baltic) glaciation, W+H — Wiirm and Holocene, H — Holocene, Broken line = floor and scarps
of the preglacial or Early Pleistocene valley.

were built both the river terraces and the alluvial cones formed by tributaries in
the main river valleys. To both these forms he applied the common term of their
levels. The altitude of these levels is different in the western valleys: of Rivers
Skawa and Raba, different in the Dunajec valley, and different again in the eas-
tern valleys of Rivers Wistoka, Wistok and San.

It also came to light that terraces are built either exclusively of fluvial depos-
its, or that the fluvial deposits rest on rock benches. In the Skawa, Raba and Du-
najec valleys the thickness of the accumulation covers tallies with the terrace hei-
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66 M. KLIMASZEWSKI

In the ice-free Carpathians frost weathering was proceeding — and vigorous
solifluxion processes carried the weathering products to the valley floors, drained
by heavily loaden pronival streams. This course of processes is implied by analyses
of the oldest, much weathered gravel sheets interdigitating with solifluxion covers.
This heavy supply of slope material, large considering the transport abilities of
the pronival streams, led to a high filling-in of the Carpathian valleys [28]. This
aggradation reached greater dimensions in the Dunajec and Poprad valleys, glac-
iated in their source sections (the Tatra), because their proglacial waters carried and
deposited large quantities of fluvioglacial materials [16, 28]. The thickness of the
gravel covers, being strongly weathered and interdigitated in the upland sector
with deposits of the Cracovien Glaciation, is from several to several scores of metres
(on the average 30 m). These gravel covers were laid down and the floors of the
preglacial valleys filled-in as early as in the anaglacial period, during the advance
of the Cracovien inland ice. Hence, the inland ice which during its maximum ex-
tent covered part of the Carpathian upland, encountered the valleys filled-in to
considerable heights [23, 24, 28, 19]. Due to this the morainic material rests in the
valleys of the then glaciated Carpathian upland always on a thick series of Car-
pathian gravels containing no northern material (that is, anaglacial gravels) and,
sometimes, on varved clays (Figs 11, 12). During its maximum extent the inland
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Fig. 12. Section across Pleistocene deposits
T ——— 2 at Keckie Gory, after A. Jahn [19]
1% v'0.0:9:0:0 1 — Carpathian gravels, 2 — moraine, 3 — loess.
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Fig. 11. Skawa valley. Szction across Diluvial deposits in a brickyard near Wadowice, after
M. Klimaszewski [23]

1 — Flysch gravels, 2 — varved clays, 3 — clays, 4 — ground moraine, 5 — muddy clays, 6 — clays with erratic
pebbles, 7 — stratified clay, with Flysch pebbles in upper part.

ice reached with its generally compact cover to the height of 350—420 m a.s.l. and
blocked the mouths of the Western Carpathian valleys [28, 64]. This caused an
increase in sedimentation and a further filling-in of the ice-free valley sections.
It may therefore be concluded that, in the ice-free area, the Carpathian valleys
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Fig. 13. Section across Dunajec valley: Gora Marcina — Zbylitowska Géra, after K. Klimek

1 — Miocene substratum, 2 — Tatra gravels, 3 — Beskidy gravels, 4 — sands, § — slope covers, 6 — erratic blocks, M, R, W, i — covers from glaciations: Mindel, Riss, Wirm
and from Holocene, 4, B, C — petrographical composition of covers: ¢ — sandstones, b — granites, ¢ — quartzites, d — limestones.
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68 M. KLIMASZEWSKI

were filled-in by gravels and sands in consequence of climatic conditions, and only
subsequently due to the blocking of valley outlets and the raising of their bases
of accumulation. The cover deposited during the Cracovien Glaciation is built
of gravels strongly weathered; in the Dunajec valley, most weathered in this cover
are the granite pebbles. They suffered almost complete decomposition (due to
chemical weathering), as indicated by their petrographical composition [16, 24,
28, 38]. Thus the high degree of weathering and the similar petrographical com-
position enables us to correlate fragments of such covers into a common gravel

Fig. 14. Section across Poprad valley near Stary Sacz, after M. Klimaszewski and M. Tyczynska
1 — rozk bznch, 2 — Tatra gravels, 3 — Bsskidy gravels, 4 — solifluxion and proluvial covers, 5 — silty depo-
sits, proluvial. Explanations of lettering as in Fig. 13.

horizon which, within the Tatra foreland, passes into glaciofluvial cones of the old-
est Tatra Glaciation (Szaflary), and which in the Carpathian upland are interdi-
gitated with morainic deposits of the Cracovien inland ice. The features discus-
sed also distinguish the high terrace, of older age, from the younger, lower ter-
races [62]. In the Dunajec valley it seems that this cover diverges into two, a hig-
her one (the 70—80 m terrace) and a lower one (the 40—60 m terrace).

It is difficult to reconstruct the course of deglaciation because of the very
scant preservation of deposits from this glaciation. We may assume areal deglac-
iation to have occurred, that is, a disintegration of the inland ice covers into smal-
ler masses of ice surviving for a longer time in upland river valleys and longest
in the Sandomierz Depression. This seems to be indicated by gravel sheets of ex-
clusively northern material, found on flat surfaces of the Carpathian upland high
above the level of aggradation of river valleys [24, 28]. These gravels represent ka-
me deposits. The eastward flow of the Carpathian rivers along the upland scarp,
at some 40 m above today’s river level, may also be explained only by assuming
a filling of the Sandomierz Depression by detached masses of ice [28, 29, 85]. With
the gradual melting of the ice masses, the deposits of high gravel aggradation
were dissected by the Carpathian streams, removed and deposited on plains gra-
dually exposed due to inland ice melting. At that time, the Carpathian gravels
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Fig. 15. Petrographical composition of Dunajec gravels in cover dating from the Cracovien Glaciation (A4), Middle Polish Glaciation (B), Baltic Glaciation
(C) and from the Holocene (D), after M. Stupikowa [62)
1 — granites, 2 — quartzites, 3 — sand s, 4 — H Expl of lettering: S: — Szaflary, Ma — Maniowy, L — Lednica, C — Ciechorzyn, 8 — Brzeziny, T —
Tylmanowa, W — Wietrznica, Ja — Jazowsko, G — Gotkowice, M — Myilec, N§ — Nowy Sgcz, Wr — Witowice, J — Jurkéw, § — Stréze, Z — Zakliczyn, Lu — Lushawice,
ZG — Zbylitowska Géra, L — Lopod.
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70 M. KLIMASZEWSKI

were intermixed with northern gravels, and in this manner developed what is cal-
led “mixed gravels”. At the rate as the ice continued to melt, dissection proce-
eded to increasing depths not only within the Carpathians but also in the Sub-Car-
pathian Depression. This dissection, coincident with the Masovian Interglacial,
was not limited to gravel sheets of high aggradation. On the basis of recent in-
vestigations I am of the opinion, that in the valleys not only of the Eastern, but
also of the Western Carpathians the solid substratum, that is, the preglacial floors,
were dissected. This dissection, dependent on both tectonic movements and a chan-
ge in climate, reached in the Wistoka, Wistok and San drainage basins to some
40 m, in the Sota, Skawa and Raba basins to 20—30 m, while in the Dunajec basin
up to 40 m and, in the Carpathian upland region, up to 60 m in the valley gap of
the High Beskidy [28]. Within the Nowy Targ Depression there took place a sub-
sidence of the preglacial floor, together with the fluvioglacial cones covering it [16].

. N 2vZakopane I

Fig. 16. Fluvioglacial cones in Podhale area, after B. Halicki [16]
1 — older, postglacial alluvial cones, 2 — gravel levals from Third Glaciation, 3 — gravel levels from Second Gla-
ciation, 4 — gravel levels from First Glaciation, 5 — moraines and bouldzrs from First Glaciation, 6 — edges of
scarp terraces, 7 — extent of valley floor, 8 — flood terrace plain.

During the Middle Polish Glaciation (Riss) extending to the belt of Ancient
Mountains and Uplands [29], the foreland including the Carpathians was again
within the range of a periglacial climate. In this period, the Carpathian valleys
were not blocked by the inland ice. Periodical rivers including proglacial streams
from the then glaciated Tatra, and pronival streams from the Beskidy were loaded
over the whole width of their channel with materials derived from frost weather-
ing, from live solifluxion processes, and from older gravel covers.

A renewed aggradation reaching in the Carpathian valleys the height of 15—
20 m above present floors was of exclusively climatic character, being the result
of an overloading of the pronival rivers with slope materials (from weathering
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and from gravel covers). In the Dunajec valley, being contemporaneously glacia-
ted at its head (the Tatra), the magnitude of aggradation was in its upper sectors
greater (30—40 m) than in the lower sector (15 m). This accumulation cover had
the features of a fluvioglacial cone rooted in the Tatra [16, 28]. To this glaciation
belongs the gravel cover of the middle terrace (Fig. 17). In the first stage of this
glaciation (Odra Stage), the Carpathian rivers were tributaries to the proglacial
Vistula which carried waters from the ice lobe penetrating the area of Silesia [85].
Combined from these two sources, the waters ran off to an extensive ice-dammed
lake developed due to the blocking of the Vistula gap by the ice lobe that reached
as far as Zawichost [29]. Deposits and forms dating from the Warta Stage were

NWwW

Fig. 17. Section across Dunajec valley at Jazowsko, after J. Pokorny
1 — rock bench, 2 — Tatra gravels, 3 — Beskidy gravels, 4 — solifluxion and proluvial covers, 5 — river muas.
Explanation of lettering like in Fig. 13.

discovered in the Vistula valley [85] and in the Podhale [16], whereas in the majo-
rity of Carpathian valleys they were not encountered. During the deglaciation there
took place a dissection of the middle accumulation cover containing slightly de-
composed gravels, while the Eemian Interglacial brought a further rebedding and
removal of the deposits discussed.

From the Baltic Glaciation (Wiirm) numerous land forms and deposits are
preserved in the Carpathians. At that time, the Carpathians were already outside
the range of the periglacial climate; a cold, extraglacial high-mountain climate
prevailed. From an analysis of accumulation covers it appears, that climatic con-
ditions favourable to frost weathering and solifluxion prevailed in the anaglacial
phase and during the maximum of this glaciation. On the other hand, the late-glacial
(cataglacial) phase witnessed wide climatic oscillations. A pollen analysis from the Grel
(Podhale) peat bog revealed, that during the “Oldest Dryas” (the Little Belt or
Riigen phase in the north) the Carpathians suffered a forestless cold and conti-
nental climate, that in the “Bolling” Interstadial the subarctic forests reached up
to some 560 m, that in the “Older Dryas ” again a forestless climate prevailed, that



72 M. KLIMASZEWSKI

in the *“Allerod ” the tree-line rose to 1050 m, and that in the “Younger Dryas”
this line was lowered to approximately 800 m [37]. These climatic changes always
brought about changes in the course and intensity of morphogenic processes, as
illustrated by the character of covers formed at Kroscienko [27], Groszowiec [70],
Dobra [30], Limanowa [70], Wadowice [65]. During the decline of the Last Gla-

[13m
12

1"
110
L9
8

L7

+6

Fig. 18. Profile of cover from Last Glaciation at Dobra,
1 after M. Klimaszewski [30]

a — fluvial gravels, b — solifluxion deposits (loamy clay with rock
0o fragments and boulders), c — clayey intercalations with fossil flora.

ciation, a rather zonal pattern in the distribution of morphogenic processes set in
[69], whereas the part played by solifluxion was already limited [32]. The main
intensity of solifluxion processes occurred during the maximum period in which
the inland ice still existed on Polish territory (Brandenburg, Frankfurt, Pomeranian
Stages), and when the Interstadials were forestless. Testimony to this is the soli-
fluxion cover at Kroscienko [27]. During the Last Glaciation, intensive frost wea-
thering led to the formation of rock talus sheets, which up to this day are covering
the Beskidy summits [28] and supplied the solifluxion covers with debris and clayey
materials; solifluxion covers survived on Flysch slopes with inclinations not ex-
ceeding 25°. In this glacial period also, solifluxion processes delivered upon valley
floors more material than could be carried by the periodically flowing pronival
streams. This resulted in the formation of an additional accumulation cover of
several metres’ thickness. This gravel cover, building the low terrace of 5—10 m
[28], was inserted into the channel previously incised in the cover of the middle
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Fig. 19. Section across valley at Lipowe, after L. Starkel [107)

1 — fluvial deposits from Last Glaciation, 2 — solifluxion clays with rubble (Last Glaciation), 3 — fluvial deposits (Holocene and, probably, late-glacial), 4 — ero-
sional plains from the Holocene and late-glacial period, $ — accumulation plains, the from Holocene and late-glacial. period.
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POLISH WESTERN CARPATHIANS 75

The structure of alluvial cones piled up in the late-glacial and the Holocene periods
at Carpathian valley outlets is shown in a profile prepared by L. Starkel (Fig. 20).
During this most recent period another agency stepped in-man. Slope deforestation
brought about a resumption of slide processes, while tilling of slopes brought slope-
wash [13, 14]. These processes of degradation take place most intensively during spring

Fig. 20. Diagram of phases of erosion and accumulation in Carpathian foreland, after L. Star-
kel [69]
Phases 4 to I — Explanation given in text 1 — Older bedrock, 2 — Erosional surfaces, 3 — Accumulational
contacts of layers, 4 — deposits of the channel facies, 5 — Deposits of the terrace (flood) facies; black areas
indicate discovered fossil vegetal remnants.

snow-melting of solar type, as well as during and after summer showers [14]. Materials
derived from Carpathian denudation used to be, and are up to now, deposited
on valley floors and in the Carpathian foreland in the form of alluvial cones
and proluvial covers. Deposits of this type also raise the terrace plains inundated
during floods.

6. SOME REGULARITIES IN EVOLUTION

On the basis of an analysis of geological data (the character of deposits) and
of geomorphological evidence, the following regularities in the evolution of the
relief of the Western Carpathians during the Quaternary can be established:

1. Cyclic changes in the Quaternary climate led to the filling-in of valleys du-
ring glacial periods, and to dissection of aggradation covers during late-glacial and
interglacial periods.

2. In the filling-in of the valleys, the principal part was played by periglacial
slope processes (solifluxion, slopewash) and channel processes (transport by pro-
nival and proglacial waters and the dissection of gravel covers by fluvial erosion).
During the Mindel Glaciation, of some significance also was the blocking of the
mouths of Western Carpathian valleys by the Scandinavian inland ice.

3. The mountain glaciations (in the Tatra) were contemporaneous with the
lowland glaciations.

4. The range and the course of the Tatra glaciation and deglaciation, as well
as the magnitude of glacial transformations depended on the preglacial relief of
this orogeny, especially on the extent of preglacial rejuvenation of the Tatra val-
leys.
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Fig. 1. Fragments of map of Quaternary terraces
A — Solinka valley, between Bukowiec and Polanczyk, B — San valley in region of Lesko. Explanation of symbols:
1 — terrace plain from Cracovien Glaciation, 2 — id., degraded or erosively worn down, 3 — id., fossil (mantled by slope
covers), 4 — extent of valley floor during Cracovien Glaciation, 5 — terrace plain from Middle Polish Glaciation, 6 —id.,
degraded or erosively worn down, 7 — id., fossil (mantled by slope covers), 8 — extent of Young Quaternary valley floor
Last Glacial-Holocene).

Fig. 2. Ostawa valley near Tarnawa. Clearly visible is level of high 40—50 m terrace. River channel
incised into rock
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Fig. 3. Profile of high terrace at Zabrodzie, representing decline of accumulation and initial period of dissection of terrace plain
1 —flovial gravels, 2—fluvial sands with fine gravel, 3 —solifluxion clays with talus, 4 —proluvial sands, $ — solifluxional-proluvial clays and sands. a, —alluvia of channel
facies, @, —alluvia of flood facies, b, —solifluxion clays interdigitated with gravels, b, and b, — proluvial and solifluxion deposits laid down directly on fluvial series, ¢ — slope
deposits strongly weathered, in top strata intermixed during younger glacials,
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S N

Fig. 6. Position of series from Middle Polish Glaciation at Hoczwa
SP — cover from Middle Polish Glaciation, B — cover from Baltic Glaciation, H — Holocene cover 1 — rock bench.
2 —fluvial gravels, 3 —sandy muds, 4 —silty-sandy muds, 5 — solifluxion covers with talus, feebly weathered, 6 — soli-
fluxion covers with talus, strongly weathered, 7 — peat, 8 — soil layer.

The lowest, 1—4 m terrace, often bipartite, follows the river channel (Fig. 7).
In the San valley these terraces usually consist in their lower part of gravels, in
the top part of sandy muds. The lack of any linking with solifluxion deposits, the
presence of Holocene floras, and their growing higher in modern times — all these
features prove this terrace to be a Holocene form. In lateral valleys, these terraces,

incised into the low terrace, bear the character of erosive surfaces with thin
cover deposits.

Fig. 7. San channel near Myczkowce incided into rock. Undercutting of high terrace has suffered
deformation depending on rock resistance

http://rcin.org.pl
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Our analysis of the terrace forms and covers discussed enabled us to determine
a cyclic sequence of morphogenetic phases in the Quaternary (Dziewanski-Starkel
[14], Fig. 8).

The cold glacial periods were times of increased supply of slope material, and
rivers accumulated these deposits. In the warmer interglacial periods, with high
transporting capacities of the rivers and a reduced supply of slope material, deep

......

Fig. 8. Diagram of phases of Quaternary erosion and accumulation in large valleys of San basin

via from glacial periods (from Cracovien, Middle Polish and Baltic Glaciation respectively), 2 slope deg

interdigitated with alluvia, 3 — erosive plains (incised in rock or in alluvia, and fossil-interalluvial from Interstadials),
4 — mantling of terraces by younger slope covers, 5 — direction of channel shifting — formation of cut surfaces during
transition periods.

erosion predominated. On the other hand, in the transition periods when the carry-
ing capacity of the rivers was very high [21] and slopewash was plentiful also, a wi-
dening of the valleys took place, and the rivers tended to transform their winding
course into full-swing meanders [23, 44]. In the area of tectonic uplifting tenden-
cies, this rhytm of changes in processes resulted in a deepening of the valleys,
interrupted by accumulation during cold periods; towards the end of such cold
periods, new meander channels developed. This diversity of processes is also tes-
tified to by the degree of gravel rounding (highest in the bottom strata of terrace
series) and by the structure of the terraces.

Each Pleistocene terrace step (high, middle and low) in the San drainage basin
consists of the following elements (in ascending order):

1) an erosive plain, often an inclined cutting-plane,

2) a thin series of well-rounded gravels,

3) a thick series (often bipartite) of gravels and sands weakly rounded, interdi-
gitated with slope material,

4) near the valley side — a series of solifluxion deposits, and — higher up —
of proluvial deposits; in the valley axis — cutting planes or erosive steps incised
into the alluvia,

S5) the terrace slope (caused by interglacial deep erosion).

The valleys of the larger left-bank tributaries of the San (Oslawa, Solinka, Ho-
czewka) are distinctly hanging above the San valley — in the outlet sectors their
gradient is several times steeper than that of River San. This, however, is not con-
nected with substratum resistance. The rock benches of the low terraces show si-
milar features. Small left-bank lateral valleys, some 5 to 10 km long,-which trans-
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versally dissect rock series of various resistance, are very distinctly hanging valleys
(Fig. 9); here rocky valley sides placed vertically prevented recessive erosion. Be-
tween the Solinka and the Hoczewka tributaries two higher recessive valley floors
were determined, the lower of which are connected with the erosive bench of the
middle terrace, the higher with that of the high terrace. In turn, many small lateral
valleys are hanging above San tributaries.

Fig. 9. Longitudinal profiles of left-bank San tributaries
a — lower sector of Bereznica, b — lower sector of Wolczy creek, ¢ — creek near Srednia Wies.

The right-bank tributaries which took advantage of interridge depressions
incised into less resistant rocks, show a concave relief in their longitudinal profi-
le — proof that their erosion failed to keep pace with the lowering of their base;
or they are distinctly hanging valleys. Upstream, beyond the lower valley sectors
with their steeper gradients, the upper sectors are graded more gently (here the
Pliocene relief is dissected to 20—50 m depth).

Hanging valleys develop, because tributaries fail to take part in the deepening
of the floor of the San valley by reason of their carrying too little water (the sand-
stone-shale series being rather impervious while the regolith cover is easily per-
meated), and of deep erosion being arrested by glacial accumulation. Most striking
is the hanging feature in valleys transversal to vertically placed strata; here ridges
de resistance hard to indent perpetuate hanging valleys over long periods of time
(Fig. 10 and 11).

In the upper sectors of lateral valleys (for example, in the zone of the European
watershed divide), non-rejuvenated or but slightly rejuvenated valleys were the
cause why the ancient relief survived, altered relatively little (comp. 28). In val-
leys of the Srednia Wie$ region, valley sectors hanging at the level of higher terraces
are developing independently; their slopes are maturing. Within the argilla-
ceous shales and loose sandstones, a wavy late-mature relief evolves genetically
resembling piedmont planation surfaces.

Seemingly inconsistent with hanging lateral valleys are features of relief reju-
venation observed all along the valley lengths. Everywhere we note a terrace pla-
nation from the Last Glaciation dissected by the Holocene channel. Even so, this
terrace overspreads elements of both erosion and accumulation, and today’s chan-

7 Geomorphological Problems
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C’était en conséquence de lactivité dénudante de ces processus-la que se sont
formées, aux roches en places des montagnes centrales de la Hongrie, les rochers
et les tours de dolomie, les “rochers-champignons ”, les “tours”, les “portes” et
les “niches” dz tuf volcanique et d’agglomérat, tous montrant des formes bien
bizarres (Fig. 3). Aux cotés des versants raides, on observe d’'immenses goulots
en entonnoir et, entre ces derniers, de courtes crétes latérales a profil de pain de
sucre. En ce qui concerne I’évolution de ces formes-ci, le mouvement gravitatif du
détritus grossier y était un facteur mécanique bien important.

b) La cryoturbation

A certains endroits des montagnes centrales de Hongrie, 1a ou les conditions
de la formation du pergélisol ou du sol épisodiquement gelé existaient pendant le
Pléistocéne, — notamment : eau phréatique ou eau des lithoclases, fonte des neiges,
couches détritiques laches ou roche trés fissurée, exposition et plaines, pénéplaines,
etc. — des changements structuraux bien importants se sont produits prés de la
surface, sous I’action des regélations intenses et bien fréquentes.

Pendant les époques glaciaires du Pléistocéne, la pénétration en profondeur
des dégels estivaux était beaucoup plus considérable dans le Bassin carpathique
qu’en Europe occidentale, et encore plus grande qu’elle ne I'est actuellement dans
la zone périglaciaire aux hauts latitudes. Ce phénoméne était en connexion avec
la continentalité bien forte du Bassin carpathique pendant le Pléistocéne: son cli-
mat était beaucoup plus continental qu’il ne I’est & présent. Par conséquent il n’est
point frappant que le dégel estival du sol pénétrait, par endroit, jusqu’a 5 ou 6 m de
profondeur. Jusqu’a cette profondeur, c’est-a-dire dans la “zone active ”, le gel et
le dégel alternaient fréquemment, et on a pu y démontrer les restes de beaucoup
de formes caractéristiques des phénoménes de cryoturbation (Pécsi [24], [30]).

Fig. 4. Fente en coin géante, en marne calcaire. Gant, mine de bauxite abondonnée
1 — sol rendzina; 2 — marne, dolomie; 3 — marne argileuse, marne calcaire de I’Eocéne; 4 — marne argileuse et
marne calcaire, en forme trés fragmentée de blocs cubiques; 5 — sacs d’argile; marne calcaire désagrégée, bien argi-
leuse. La couche en bancs de la marne argileuse éocéne (3 4 4) c’est morcelée en blocs de marne.

Aux surfaces d’aplanissement, aux piedmonts et aux pédiments de nos mon-
tagnes centrales, les polygones pierreuses (Fig. 5) et les fentes en coin (Fig. 4), les
fissures produites par le gel ont remanié et relaiché la surface jusqu’a 4 ou 6 m de
profondeur. Nous avons reconnu ces phénomeénes en beaucoup d’affleurments
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| . L i e—

Fig. 5. Profil transversal d’'une polygone de pierre. Montagne de Szendrd
1 — calcaire carboaifére; 2 — limon glaciaire, brun, 3 — polygone de pierre, remplie d’argile brun jaunatre et de
détritus de calcaire, 4 — argile limoneux rougeétre-brunatre (terre rouge, foncée), en haut: dallage en pierres; S — sol
limoneux, 4 humus, noir.

dans les montagnes Bakony, Vertes, de Buda (Pécsi), dans la Montagne Centrale
du N (Pécsi, Székely [38]). Dans le complexe de couverture marneuse et argileuse
des montagnes centrales, on peut également observer des plissements plats s’éten-
dant jusqu’a 6 ou 8 m de profondeur, produits par le gel, ce sont les soi-disant dé-
formations cryotectoniques (Pécsi [26], [30]).

Au fur et 2 mesure que 'angle de pente grandissait, les polygones pierreuses
se transformaient en sols striés (Streifenboden), paralléles au versant. Aussi trouve-
t-on des guirlandes de blocailles formant des arcs raides par rapport a la direction
de la pente. Ces derniéres sont déja des formes de transition entre la solifluction
et la cryoturbation.

Fig. 6. Déformation cryotectonique des couches. Gant, mine de bauxite abandonnée. La couche
déformée de marne argileuse éocéne est épaisse de 3 4 4 m, les couche sous-jacentes de I’Eocéne
ne sont pas plissées
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ent pas couvertes de neige, la pénétration plus intense du gel fragmentait plus pro-
fondément et plus intensement la roche-mere, car la période de variabilité prin-
taniére du gel durait plus longtemps sur ces taches non couvertes. Aux endroits
ou les eaux de la fonte des neiges du commencement de 1’été s’arrétaient durablement
dans les produits de gélifraction, se sont évolués des sols structurés, des phénomé-
nes de cryoturbation, aux taches de détritus. D’immenses polygones de pierre et
bandes sols striés de pierre se sont produites. Celles-ci contribuérent, a leur tour,
a la formation de petites terrasses, des soidisant terrasses de cryoplanation. Ces
petits piedmonts embryonnaires, ces terrasses inclinées favorisait — dans les an-
nées suivantes — ’accumulation inégale des neiges, ce qui apportait Pagrandis-
sement renouvelé des terrasses.

h) Le cryoplanation, les terrasses et les niveaux de cryoplanation

Les processus de dérasion des époques périglaciaires ensemble avec la géli-
déflation et I’érosion fluviale — cette derniére étant purement latérale dans les
conditions climatiques se¢ches et froides — aboutirent & la denudation générale,
notamment & la cryoplanation des montagnes centrales et des collines.

Dans une signification plus restreinte, on entend par cryoplanation la for-
mation des gradins et des terrasses de cryoplanation.

S N

Fig. 10. Gradins de cryoplanation dans la Montagne Borzsony, le long de la coupe de bois de
Nagyinoc. Les gradins de cryoplanation se sont développés sur une créte latérale, plate, allongée,
exposée au S

H, — pédiment, H; — gradin de piedmont; 1 4 18 — gradins de cryoplanation avec des blocs grossiers d’andésiet
4 leur surface.

Dans les montagnes centrales de Hongrie, c’était dans les montagnes volcani-
ques (Borzsony, Matra) (Fig. 10), notamment aux crétes latérales et dorsales plates,
exposées au S que nous avons reconnue pour la premiere fois les restes des terrasses
de cryoplanation (Pécsi, Székely). Ensuite, nous les avons observées aux blocs
mésozoiques de la Montagne Centrale de Transdanubie.

Les gradins de cryoplanation se présentent le plus souvent aux pentes douces
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Les données géochronologiques, les conditions de gisement du manteau sé-
dimentaire, stratifi¢ parallélement a la pente, de méme que les phénoménes de
cryoturbation y observés indiquent que les gradins superposés pouvaient se dé-
velopper a une seule époque glaciaire, et ils n’étaient pas de niveaux développés

s N
sebc S i dombsig
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1 \ 240250
240 N‘ w
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Fig. 12. Gradins de dérasion-cryoplanation. Profil transversal entre 1’avant-pays du N de la Mon-

tagne Mecsek et du bord E des collins de Somogy. Les versants exposés au S sont répartis en gra-

dins plats. La surface des gradins est couverte de loess de versant, stratifié parallélement a la pente.
La région de collines est édifiée d’argile pannonienne

en divers ages. En outre, on doit constater qu’ils ne sont ni des terrasses fluviales,
ni des gradins structuraux comme on I’a pensé auparavant mais des produits des
processus de dérasion-cryoplanation (Pécsi [26], [30]) (Fig. 12).

i) Pédimentation périglaciaire

Il est évident que les processus de nivellement périglaciaires du Pléistocéne,
c’est-a-dire la cryoplanation des montagnes centrales et des collines de la Hongrie
n’ont pas produit de niveaux de dénudation tellement étendus que ceux formés
par la pénéplainisation tropicale ou par la pédimentation dominante sous le cli-
mat sémi-aride!. Cependant, des formes semblables aux pédiments des zones chau-
des, sémi-arides se sont développées méme au cours du Pléistocéne. Bien que les
pédiments formés dans le Pléistocéne ne soient pas aussi étendus dans nos mon-
tagnes centrales que ceux du Pliocéne supérieur, ils sont quand-méme bien ca-
ractéristiques si ’on considére leurs pentes douces, allongées, pléistocenes (Pécsi
[29, 30)).

1-2 La pédimentation des avant-pays des montagnes des régions sémi-arides est produite par
I’érosion latérale des cours d'eau temporaires qui, arrivant au bord de la montagne, transportent
beaucoup de matériaux détritiques. La pédimentation périglaciaire a lieu en partie par le processus
susmentionné, en partie par les processus de dérasion qui se présente dans les larges vallées séches
de dérasion et qui taillent obliquement les bords des monts et, en général, les versants.
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Dans nos montagnes centrales, bien soulevées au cours du Pléistocéne, les
gradins de piedmont et les surfaces de piedmont pliocénes supérieures se sont bien
transformés sous I’action de la cryoplanation. A leurs surfaces soulevées et aux
bords, c’était aussi la pédimentation qui se mettait en marche2. Aux époques in-
terglaciaires, ces surfaces étaient de plus en plus morcelées et divisées en crétes
latérales par les cours d’eau qui se dirigeaient vers les avant-pays qui allaient rela-
tivement en s’affaisant.

Au cours des époques glaciaires, les versants des vallées devenant de plus en
plus profondes et les dos situés entre elles devenaient plus doux par suite de la ré-
accumulation des matériaux produite par les processus de cryoplanation.

Dans les avants-pays de quelques unes de nos montagnes centrales, se sont
aussi formées des dépressions jeunes, pléistocenes (Lac Balaton, Lac de Velence,
etc.), ou bien le niveau de base de I’érosion des fleuves s’est considérablement abais-
sé dans I’avant-pays de la montagne en question: dans ce cas-ci le pédiment du
Pliocéne supérieur restait suspendu, et un pédiment pléistocéne s’était développé
(Fig. 13) par les processus de cryoplanation, dans les conditions sémi-arides de

Fig. 13. Pédiment formé par des vallées de dérasion vallées en berceau, selon I'exemple du Plateau
de Veszprém:

! — dolomie en place, sa surface est trés fragmentées, D — vallées longitudinales de dérasion, d — vallées laté-
rales, secondaires de dérasion, N — ensellement de dérasion, kr — gradins de cryoplanation, P — reste de piedmonts
du pliocéne, Dv — dos de d’érasion entre les vallées, lesquels forment ensemble un pédiment pléistocéne.

I’époque glaciaire. De la méme maniére, des pédiments pléistocénes bordent les
buttes-t’emoins a cime de basalte de la Petite Plaine et du Haut-Pays du N du Ba-
laton. Les surfaces de celles-la ont été couvertes de détritus grossiers non-roulés
ou de détritus loessiques et limoneux, produit par la gélivation et transportés par
la solifluction.

Sous I’action de la cryoplanation pléistocéne, les hautes terrasses des vallées
importantes se sont transformées en versants obliques a inclinaison douce, par-
faitement droits. Ils arrivait souvent que d’un cdté de la vallée, c’étaient les gra-
dins des terrasses du fleuve qui se superposaient, tandis que de I'autre coté se dé-
veloppait un versant large, oblique, nivelé: un pédiment pléistocene (Fig. 14). Le
pédiment du Pliocéne supérieur était morcelé en larges dos plats par les vallées
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Fig. 14. Esquisse des rapports entre de pédiment pléistocéne et les terrasses pléistocénes
H, — piedmont sarmatien — pannonien inférieur, H, — pédiment du Pliocéne supérieur, P — pédiment formé dans
Iz Piéistocéne; I—VI — terrasses pléistocénes, 1 — formations volcaniques helvéto-tortoniennes, 2 — calcaire tor-
tonien, 3 — calcaire sarmatien, 4 — couches sableuses du Pliocéne (Pannonien et Pliocéne supérieur), 5 — loess de
versant a détritus du Pléistocéne. Pendant les époques glaciaires, le pédiment du Pléistocéne se développait A des niveaux
de plus en plus bas, suivant le creusement des vallées des fleuves.

paralléles formées aux cours des processus de cryoplanation et d’érosion du Pléis-
tocéne, et le pédiment s’est désintegré en deux niveaux. La série des dos, plus haute
qui saillissent d’'une maniére digitée du piedmont appartient au pédiment pléisto-
cene, tandis que les dos moins élevés sont les restes de ce niveau-1a, dégradés au
cours du Pléistocéne. Sur toutes les deux formes, on peut observer de petits gradins
de dérasion-cryoplanation.

m 3 4

Pediment

> Yrovy
S T U T
v v -

Fiz. 15. Profil schématique de pédiment de cryoplanation du Pléistocéne, sur la base des examples
fournis par la Montagne Bakony
1 — reste dz pied.ndat pré-pléistocéne, couvert dz détritus éluviaux, 2 — pztits gradins de cryoplanation, a détritus
grossiers, éluviaux et colluviaux, 3 — versant oblique, droit, form$ par la pédimsntation pléistocéne; la surface est cou-
varte dz ditritus dilaviaux qai passzatalinya glaciaire, & dstritus, sur la partie inférieure du varsant, 4 — loess a de-
tritas, lo2ss d= vzrsaat, 5 — 150> nis 21 plazz, sa partie supirieure, épaisse de quelques matres est trés fragmentée par
la gilifraction, par eadroit en passant 4 poudre de dolomie; Dv — courbe de la chute des vallées de dérasion.

Dans nos montagnes centrales d’une large étendue, mémes les structures tec-
toniques compliquées ont été taillées au méme niveau par les surfaces des gradins
de piedmont (p.e. la Montagne Bakony). Au cours du soulévement intense du Pléisto-
céne, les anciennes lignes tectoniques s’étaient renouvelées, le long desquellss se
formérent ou se mirent en relief des dépressions d’érosion, des vallonements, des
bassins locaux de dépression, des vallées encaissées (faille de Veszprém-Devecser
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et de Veszprém-Nagyvazsony, Sarrét, vallée du Séd, etc.). Des pediments a4 pente
oblique, droite, par endroit larges de plusieurs km ont été taillés a la surface des
piedmonts, de la fin du Tertiaire, vers ces dépressions-1a, par la cryoplanation du
Pleistocene (Fig. 15).

I 1 - 2

Fig. 16. Détail d’un piedmont pliocéne, dégradé par cryoplanation. Le territoire figuré se soulevait
périodiquement au cours du Pléistocéne

P — reste de piedmont du Pliocéne qui, en tant que forme génétique est une butte-témoin, Pp — pédiment pléisto-
céne, formé depuis le Pléistocéne inférieur, D — vallées de dérasion (vallées en berceau), formées au cours des époques
glaciaires riss et wiirm; delles du Wiirm, T — coéne d’alluvions, 1 — versants en formation depuis le Pléistocéne in-
férieur, 2 — versants obliques en formation depuis le Riss, 3 — versants obliques formés pendant le Wiirm, 4 — lignes
structurales, en partie supposées, en partic démontrables, 5 — bord du pédiment pléistocéne.

Aux versants obliques, un peu plus raides (6 & 8°) se trouvent des vallées en
berceau seéches, suivant la direction déterminée par les lignes tectoniques. Entre
celles-1a, ce n’étaient que les crétes latérales plates, taillées du piedmont primitif
ou de petites buttes-témoins qui restérent (Fig. 16). Les alentours de ces buttes-
-témoins de cryoplanation sont couverts de détritus grossiers ou consistent en do-
lomies fragmentées souvent jusqu’a 10 ou 15 m de profondeur. Cela indique que
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leurs versants obliques ont été formés par la gélivation et par la dérasion ou géli-
déflation subséquentes. On peut également démontrer une génération plus jeune
de versants obliques, plus étroits, a la surface des pédiments étendus et longs.

4

J) Le réle des vallées de dérasion (vallées berceau) dans le modelage du relief

Au cours du Pléistocene elles jouérent un réle bien important dans le mode-
lage du relief de nos montagnes centrales, surtout en ce qui concernait la formation
des versants. On explique leur développement par les processus de dérasions3.

Fig. 17. Bloc-diagramme d’une vallée de dérasion (vallée en berceau), remblayée dans le Wiirm,
puis recreusée — bien que dans une forme plus étroite — par I’érosion linéaire de I’Holocéne,
a Balatonszabadi-S6st6. (D’aprés J. Szilard).

1 — sable a loess, 2 — sédiment remblayant la vallée, consistant en fraction de sable et de loess finement stratifié, a cor-
dons de cailoutis, 3—4 — sable fluvial de granulométrie moyenne, a lentilles de cailloutis, du Pléistocéne inférieur, 5 —
sable mouvant (3—4 couches de mur lacustres et fluviales); T — fléche littorale actuelle du Balaton.

Aprés avoir étendu I’examen détaillé des vallées de dérasion (corrasion) val-
lées en berceau sur le territoire du pays entier (Pécsi, Peja, Székely, Szilard), il a été
constaté qu’elles n’étaient pas liées, elles non plus, a un certain type lithologique,
c’est-a-dire la vallée de dérasion n’était pas un phénomeéne lithomorphologique,

3 Auparavant, comme nous P’avons dit, on employa le terme corrasion pour désigner I’en-
semble de ces processus. W. Penck fut le premier qui a employé I’expression “vallée de corrasion”,
mais il entendait par cette notion la vallée d’érosion. Puisque I’acception de la corrasion n’est pas
identique dans la littérature étrangére et dans la notre, il est plus juste, pour éviter les malenten-
dus, d’employer I’expression “vallée de dérasion”, d’autant plus que nous désignions sous le terme
“dérasion” les processus qui I’ont produite.

Par vallées de dérasion (corrasion) nous entendons des vallées plus ou moins longues, a pro-
fil en forme d’un plat, ou étroites hémicylindriques (delle, vallée en berceau). Dans ces vallées,
il n’y a pas de vestige de I’érosion latérale, et leurs fonds sont couverts d’éboulis hétérogénes.
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Fig. 18. Type et conditions de pente d’une vallée suspendue sur la dolomie calcaire. Montagne
Gerecse

mais un phénoméne climato-morphologique. On les a observées au granit, a la

dolomie, aux calcaires tertiaires, aux roches volcaniques, aux argiles, aux divers

types des éboulis de méme qu’aux couverture de cailloux et aux terrasses (Pécsi

1961, 1962a, b). Elles se présentent le plus fréquemment aux versants, mais elles sont

également observables aux pénéplaines de terrasses et aux plaines situées un peu
plus haut (Fig. 17, 18).
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argile sableuse pannonienne. La courbe de la chute de la vallée montre un double S allongé,

par endroit & 0°. A I'embouchure de la vallée de dérasion, on psut observer un plat cone d’allu-

vioéns. Les profils transversaux montrent également des versants en équilibre. Aux versants rai-

des de la vallée en amphithéatre, sous I’action de I’agriculture se sont formés des ravins, en out-
re de la dénudation produite par la dérasion
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from a few metres to 20—25 metres. An example of such a rock wall is the 13—18
m high vertical upto overhanging rock wall on the NW slope of the hill Hradisko
(772 m a.s.l.) near the town Valasske Klobouky in the Javorniky Mts. It consists
of massive sandstones of the upper beds of Solan of the Raca unit of the Magura
flysch. On the foot of the rock wall large sandstone blocks are accumulated (to
compare with the profile No. 2). At the walls built of easily disintegrable sands-
tones no fragments are found in other cases and the foot is expressive.

y

> p
& = o~ i
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Fig. 1. Profile through the step-like upper section of the slope of the hill Smrduta (745 m a. s. l.)

in the Hostynske vrchy (Mts.)
Measured by J. Vareka, constructed by J. Demek, drawn by V. Holesova.

The length of the rock walls is different. The longest rock walls were establ-
ished in the Moravskoslezske Beskydy Mts., where they reach the length upto
1.5 km. The steps limiting the terraces in the upper parts of slopes are as steep as
those, which limit the terraces occurringin the lower parts of the slope. The steps
are developed on slopes facing all the four cardinal points.

The terraces are cut into the solid rocks. In some cases the surface of the ter-
races is parallel to the inclination of the sandstone and claystone beds. The origin of
the terraces is connected closely with the development of the structural terraces
(O. Stehlik [30]). But at another time the terraces cut the tilted sandstone and claysto-
ne beds. The most marked rock walls are developed on the front of the sandstone
beds. The joints of the sandstone, especially the vertical fissures, are of impor-
tance for the development of the rock walls. The local structural conditions decide
evidently as for the development of the terraces, as the rock walls and the terraces
are often developed very distinctly on one slope and they are missing on the
other opposite one.

The cover of the terraces is different. At the foot of the rock walls it is formed
by angular sandstone fragments, having often the size of blocks. Further from the
foot of the rock walls the quantity of the fine grained material increases. The cover
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Fig. 2. Profile through the frost-riven cliff and the step-like upper part of the north-western slope of the hill Hradisko (772 m a. s. 1) near the village
Pultin, not far from the town Valadské Klobouky in the Javorniky Mts. Measured by J. Vafeka, drawn by V. HoleSové
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MORAVIAN CARPATHIANS 155

of pedimentation which are typical for the semi-arid regions (to compare with
H. Baulig [3]; A. Jahn [15]; J. Dylik [I1]; N. V. Bashenina [l]; B. A. Kornilov;
D. A. Timofeev [19]; N. S. Blagovolin, V. M. Muratov, D. A. Timofeev [27]). In
both cases the mechanical rock weathering on steep walls is of great importance
and the material is removed by sheet wash in both cases. On pediments the factor
of transportation is the sheet wash indeed, on altiplanation terraces these are the
periglacial gravitation processes. Even the altiplanation terraces develop in the
same way as the pediments, without any direct dependence on the main erosion
level.

The screens and the talus in the lower slope sections which will be considered
in close detail further are the related deposits of the processes which led to the
development of the altiplanation terraces in the upper sections of slopes.

/ I
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Fig. 3. Profile through the left slope of the valley of the Drevnice River in surroundings of the town
Gottwaldov. Explanations:

I — fluvial loams, 2 — slope loams, 3 — debris, 4 — river gravels, 5 — folded flysch rocks (beds of Zlin). (Con-
structed by J. Demek, drawn by V. Holesova).

For the second type of slopes the practically smooth upper section is charac-
teristic. In the periglacial climate a considerable denudation took place in the upper
slope sections of this second type; this fact is proved by the related deposits at
their foot. Extensive talus forming usually the considerable part of the slope use
to be developed at the foot of the slopes of this type. They reach not seldom the
thickness upto 30 m at the foot of high slopes. The slope deposits reach the thick-
nesses of 33 m on the foot of the marginal slope of the Hornomoravsky uval (Gra-
ben) in surroundings of the town Napajedla. From the thickness of the deposits
and their areal distribution the extent of the denudation in the upper part of the
slope may be concluded. At Napajedla the profile of the slope of the Neogene per
iod was preserved below these deposits, while the upper slope section was lowered
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owing to Quarternary denudation processes. On the profiles No. 3 and 4 of the val-
ley of the Drevnice River (the Vizovicka vrchovina — Highland) it may be observed
that even the lower slope section kept on being modelled in Quarternary. The slope
deposits reaching in the lower slope part the thickness of more than 20 m, cover
the steps of the river terraces. During Quarternary the successive deepening of
the valley of the Drevnice River in connection with climatic oscillations and neo-
tectonic movements (J. Krejci [20]) took place. The individual steps of the
river terraces and even the marginal parts of the modern flood plain were then

5

Fig. 4. Profile through the left slope of the valley of the Drevnice River in the village Malenovice.

Explanations:
1 — fluvial loams; 2 — slope loams, 3 — debris, 4 — river gravels, 5 — folded flysch rocks (beds of Zlin). (Con-
structed by J. Demek, drawn by V. Holesova).

covered successively by slope deposits comming from the upper part of the slopes
The step-like profile of the lower slope section formed by the steps of the river
terraces was thus levelled in a smooth concave profile (to compare with the profiles
No. 3, 4 through the left valley side of the Drevnice River in the area of the town
Gottwaldov and in surroundings of the village Malenovice). On the profile No. 5
through the left valley side of the river Olsava near the village Havrice (not far
from the town Uh. Brod) in the Vizovicka vrchovina (Highland) it can be observed
that the slope deposits have changed the step-like profile of the valley side by tlhe
overcovering of the steps of the river terraces into a smooth convex-concave omne.

The related slope deposits at the foot of the slopes enable not only to es-
tablish the extent of the destructive processes in the upper slope section but they
are of importance even for the recognition of their dynamics, course and changes.
From the properties of the related deposits (thickness, composition, size of tlhe
grains, degree of the rounding and weathering of the grains) it is possible to com-
clude on the processes which were acting on slopes during the individual periods «of
Pleistocene. For instance it is evident from the profiles No. 3, 4 through the valley
sides of the Drevnice River, that variously thick layers of coarse angular fragmemts
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Fig. 6. Profile through the eastern (leeward) slope of the hill Sibenik (250 m a.s.l.) near the town Unitov in the Hornomoravsky
uval (Graben). Explanations:
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ral Meeting of the Commission Me-
thods of Economic Regionalization
IGU, London, July 23, 1964. Report
and 5 papers, 68 pp.,, 7 Figures,
1965, $1,25

Vol. 9. Colloque de Géomorphologie
des Carpathes. Materials od the geo-
morphological symposium held in Cra-
cov and Bratislava, September 1726,
1963, Report, 7 papers, 2 summa-
rics, 116 pp., 22 Figures, 1965, $ 2,25

Vol. 10. Geomorphological Problems
of Carpathians II. Introduction and
6 papers by Rumanian, Soviet, Polish,
Hungarian and Czech geographers,
172 pp., 68 Figures, 1966

SUBSCRIPTION

Subscription orders for the Geographia
Polonica should be placed with FOR-
EIGN TRADE ENTERPRISE, ARS
POLONA, Warszawa, Krakowskic
Przedmiescie 7, Poland

or the following firms

German Democratic Republic

— Deutscher Buch-Export u. — [m-
port GmbH, Leipzig C 1, Leninstr. 16

Soviet Union
~ Meshdunarodnaja Kniga, Import-
naja Kontora, Moscow 200
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