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TADEAs CZUDEK 

PLEISTOCENE THERMAL EROSION 
IN THE WESTERN PART OF CZECHOSLOVAKIA 

I. Introduction 

Although considerable progress has been done in the research of Pleistocene 
cryogenic hillslope processes and landforms in Czechoslovakia over the last 25 
yt'ars, there is still little information available to the role of fluvial processes in 
periglacial environments. Our recent investigations concerning this problem are 
based on the valley shape, the river and slope deposits, as well as the character oi 
the valley bottom and slope foot underlying the Pleistocene sediments; studied 
in numerous drill-holes, test pits and long excavations. The present report shows 
that linear (vertical) and lateral thermal erosion played, indeed, an important role 
in the evolution of Pleistocene valleys and in the modification of pre-Quaternary 
valleys in Bohemia and Moravia. 

II. Thermal erosion 

Thermal erosion results in the melting of ground ice, the removal of loosened 
material by flowing water and the origin of thermo-erosional features. Thus, ther
mal erosion is closely connected with normal mechanical erosion whose morph'J
genetic effects differ from place to place in permafrost areas. I t can be said 
that it is in many regions much smaller than that of thermal erosion. Thermal 
erosion is acting in permafrost areas in all rivers. But its geomorphological dfed 
controled by local conditions is variable and depends among others: 

i) on the temperature of the runnig water and the temperature of the frozen 
ground; 

ii) on the quantity, the mode of distnbution and the type of frozen ground, 
iii) 'In the composition and me;:hamcal properties of the bedrock, notably 

on its jointing; 
iv) on the quantity and the velocity of flowing water; 
v) on the lenght of the annual period of thermal erosion; 
vi) on the quantity of material supplied, not only from valleys slopes and 

river banks but also from the bottom of the river; 
vii) on the tectonic regime of the area - uplift or subsidence- and on the 

rate of this tectonic movements. In many cases, the tectonics affect the type of 
thermal erosion as well as its share in the total activity of running water. 

From the geomorphological point of view thermal erosion can be classified 
into two basic types: linear (vertical) thermal erosion and lateral thermal erosion. 
Both are interrelated and very often act tozetheli (T. Czudek - J. Demek 1973, p. 
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26). Under certain conditions the action of one type of thermal erosion dominates, 
under other conditions that of the second type. A lot of landforms created and/or 
conditioned by lateral thermal erosion as well as the rapid undercutting of river 
banks led many authors to conclusions tnat the thermal erosion operates predo
minantly laterally. In the conditions of present-day permafrost this opinion is 
correct especially in the case of larger lowland stream~. But 'in many cases, main,
ly in areas of rapid uplift, the linear mechanical and linear thermal erosion 
dominate. 

Both types of thermal erosion are known to be very effective. Examples. from 
Arctic North America and Siberia in particular are .startling. The frozen banks 
of the rivers Indigirka and Yana,.for instance are in some plac~s-retreating at 
a rate of 10--25 m/year (S. S. Korzhuyev 1966, pp: 28--29). New gullies deve
lop quickly, and the lenght of existing gullies may increase at a rate of several 
tens of metres/year. Numerous descriptions of the effect of thermal e::osion 
in present-day permafrost areas have been presented in many papers and summari
zed especially by]. Dylik (1970), A. Jahn (l9i'O, 1975), T. Czudek -]. Demek 
(1973) and H. M. French (1976). 

Ill. Pleistocene thermal erosion and the evolution of valleys in the western 
part of Czechoslovakia 

During the cold periods of the Pleistocene epoch Czechoslovakia was situated 
in front of the Scandinavian continental ice sheet and its. western part in the pro
ximity of Alpine glaciers. There is numerous direct and indirect evidence indica
ting the presence of Pleistocene permafrost on the territory of Bohemia and Mora
via. The main arguments for this are: 

i) post-cryogenic textures in unconsolidated fine-grained sediments; 
ii) pseudomorphs of ice-wedges, the largest of them being 6,50 m deep and 

11,25 m wide (Nemcany near Slavkov u Brna, Central Moravian Carpathians)'; 
iii) intensive deep frost weathering of massive rocks reaching along fissure!'. 

to depths of more than 30 m; 
iv) huge blocks of Tertiary and Pleistocene sediments transported in frozLa 

state by the glacier in formerly glaciated areas of northern Moravia; 
v) very frequent occurrence of climatically determined periglacial asymmetric 

valleys, dry valleys, dells, frost-riven cliffs and scarps, tors and cryoplanation 
terraces which can develop in seasonally ·frozen ground (where permafrost is 
lacking) but are - in such forms as found in Czechoslovakia - typical of zone 
with present-day perennially frozen ground. 

Permafrost occurred in Bohemia and Moravia not only during the Wiirm 
but also in former cold periods of the Pleistocene (J. Demck in J. Demek - J. 
Kukla ed., 1969, p. 39). Its thickness as well as the ice content were locally and 
obviously even in the individual cold periods different. Of widespread importance 
were here especially the relief aI;ld local geological conditions, the lithological rock 
properties in particular. The thickness of the Pleistocene permafrost on Czecho
slovakia's territory is not sufficiently known at present. But according to recent 
investigations it attained at least several tens of metres. It is possible that it could 
attain even about 100 m under favourable conditions. Up to 60-70 per cent 
of permafrost by volume could consist of ice. 

There are three basic morphographical valley types in the area described 
These are: 
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1. broad open (dell-like) valleys; 
2. deeply incised V-shaped valleys with a narrow bottom; 
3. valleys with a broad bottOom (box-like valleys). 

The valleys are of different age and many of them originated in pre-Q uater
nary epoch. Some of them in the Bohemian Massif are even of Paleogene age . 
During the Quaternary an intensive modelling of older valleys and the evolution 
of new valleys can be observed. 

In the development of the broad open va lleys represented especially by delL 
(Dellen) and small dry valleys mainly processes of linear thermal erosion were 
important. These valleys are very frequent in Bohemia and Moravia and occur 
both in regions built of less resistant sediments and in solid rocks areas. Their 
sides are commonly asymmetric. The valleys mentioned form often a dense pattern 
in- low lang and hilly land relief. During the Pleistocene the deepening and, owing 
to slope processes, the widening of older broad open valleys as well as the forma
tion of small shallow dells and dry valleys in new places took place. From the 
character of the Pleistocene periglacial sediments 011 the bottom of the valleys 
described it foilOows that they were transported both by solifluction and running 
water. There are even cases that on the bottom of short broad open valleY5 occur 
channels filled-up with slope deposits whose cross-profile shows that they were: 
created by linearly running water (1'. Czudek 1971, p. 37, 1978, p. 72). In the 
Mor<lvian Gale e. g. we establisncci in drill-holes below the present-day broad 
open cross-proIile of a dell a flat-bottomed box-like form (Fig. l.) as we'll a!; 
knicks in the long-profile indicating fluvial action (T. Czudek 1973, pp. 10 -12 J. 
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1. Uppermost part of a de ll SW of Kujavy, Moravian Gale. 1 - seliiments of the bottom 
of the dell (Holocene ). 2 - eo lian loess loarns I Wlirm), 3 - glaciofluvial sedlm8nts 
[Saale), 4 - glaciol ucustrine s8diments (Sa a le ], '5 _.- Miocene marine <;ediments 
I Badenianj . V 1 - V 17 drill -ho les. [ Accordin g 10 T. CzudekJ. 

In areas of solid rocks of the Bohemian Massif and the Western Carpathians 
dells developed In places of greater jointing or where shallow terrain depressions 
might have already occurred. In these places, there were, ow.ing to greater moisture, 
favourable conditions for the development of larger ground ice masses . Even iil 
regions consi sting of soft Neogene and Quaternary sediments Pleistocene delis ani 
dry valleys originated in former relief depressions and greater ground ice occur
rences . On ice-wedges and larger ice lenses first gullies developed due to thermal 
erosion of linearly running water which 11UY in many cases be considered 
the initial phase of the evolution of the dells . Owing to linear flowing water 
(ma.inly vertical thermal erosion) these landforms were deepened and broadened 
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by mass wasting processes. In many cases lateral shifting of the axis due to 
asymmetric action of slope processes and undercutting of the sides of dells. ami 
dry valleys by thermal erosion took place. Lateral thermal erosion co-operated 
accordingly in the origin of valley asymmetry. 

Deeply incised V-~h3ped valleys with a narrow bottom are widespread iii 
the highlands 3nd especially mountains of the Bohemian Massif and the Western 
Carpathians. These valleys are even several hundrcds of metres deep and cha
racterized by a lack of morphologically expressed [\uvial terraC~3. The terraces' are 
usually buried by slope material. In many V-shaped valleys (in mountain regions 
in pa~·ticular) there were mostly not favourable conditions for the development 
of river terraces. This is connected with a very intensive uplift which could to 
a considerable extent obscure the climatically conditioned phases of 3 certain 
stability and activity in valley incision. Due to intensive tectoilic uplifts, at the 
end of the Tertiary and in Pleis.tocene the valleys described exhibit distinct 
features of forms created by rapid down-cutting. In the Krkonose Mts., the Krns
ne hory Mts., the Hruby Jesenik Mts. and the Moravsko3iezske Beskvdy Mts. 
for instance thp. intensity of the Pleistocene deepLning of the valleys can be estab
lished with at least 300 and /or 400 Ill. The disturbance of the bedrock by fwst 
(widening of the original fi'>Sures) in the valley DOittom and lower slope parts. 
seems to be greater than on the surrounding watershed ridses. In the development 
of the V -shaped valleys during the Pleistocene mainly normal mechanical ero
sion as well as thermal vertical erosion took share. The lateral erosion was of less 
importance in the general aspect of these vallp.ys. 

The valleys with a broad bottom (box-like valleys) are typical of the lowland 
and hilly land relief 01 . the western part of Czechoslovakia. They are less fre
quent in highlands and only seldom can be found in mountain areas . They oeCl,;r 
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2. Box-like valley of the Vrtiivka Rivp.r near Velkil Dystrice, Nlzky Jesenlk (Bighlands). 
1 -- loess (WlirmJ, 2- loess with fragments of Lower Carbomferous rocks (Wlirmj, 
:; .-- slope deposits: loams and debriS (WUrmJ, 4 -- sediments of the valley bottom 
(Holocene - Wlirm J. 5 - terrace sediments (Young Pleistocene j, 6 - fossil weathp
red material (caolinitic clay) redeposited in the Pleistocene, 7 -- bedrock - mostly 
shales (Lower Carboniferous). S 1 - S 10 test pits, V 1 - V 8 drill-hole~. [According 
10 T. Czudek" w\,d M. HrusnaJ. 
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in various rocks and their typical feature is a flat broad bottom, the dimensions 
oi which usually exceed the depth of the vaHey (Fig. 2.). The rivers are underfit, 
their bottoms being even more than 100 times broad~r than the present river chan 
neL It follows from numerous drill-holes that the base of the fluvial deposits is on 
the whole fairly flat in the cross-profile. The basis of terrace gravels and sands 
exhibits the same character or is slightly inclined towards the valley axis. Shallow 
depressions (om' or several) occur in the bedrock underlying the sediments of tlit: 
valley floor. These former braiding channels are to be found in various places; 
even in close proximity of slopes and inside the gravel body, too. The character of 
accumulation of the Pleistocene sands and gravels point also to their removal not 
only down-streams but even in lateral direction. There, where no talus occurs, the 
Quaternary sediments of the valley bottom are directly adjacent to the bedrock oi 
the slope, whIch is here considerably steep lusually more inclined than in the 
vlher siope parts) . A similar situation indicating lateral erosicn exist in the case 
01 river terraces . In places where ta lus exists at the foot of the slope several types 
oi relationships between the Pleistocene gravel-sand series of strata of the valley 
floor and the slope deposits were established. The effects of lateral erosion wp.re 
accordingly strongly affected by the action of periglacial slope processes. Althougn 
box-like valleys must have existed in many areas of the western part of Czecho
s!ovakia .as early as before the Quaternary, the Pleistocene lateral er03ion often 
occurring evidently together with the deepening of valley bottoms has heen decisive 
10r their present-day shape. It is not excluded and has not been exactly proved for 
the moment, that lateral erosion was supported by icings. Their presence during 
the coid Pleistocene periods is beyond any doubt in Central Europe. 

Pleistocene lateral erosion (especially thermal erosion) is responsible not 
only for the development of present-day flat broad valley bottoms. In many cas~s, 
a disti.nct shifting of the valley (often by as much as several hundreds of metres) 
owing to asymmetric action of slope processes can be observed. This is indicated 
by the often asymmetric development of the river terraces. An example can be th~ 
Trnavka River valley in the Moravian Gate where 9 buried Pleistocene terTaces 
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3. Asymmetric valley SSW of BIIov, Moravian G<Jte. 1 - flood sediments (Holocene J. 
2 -- slope dp-posits (Holocene J. 3 .- eolian lop-ss loams (WOrm J. 4 - sand and gra
vel of the valley bottom (late Wiirm), 5 - glaCiofluvial sediments (Saalel. 6 - Mio
Cfme marine sediments (Badenian J. S 1 - S 4 test pits>, V 1 - V 23 drill ;holes. 
(According to T. Czudek). 
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were found on the left (E-facing) side at a distance of 5 km from the valley head. 
The lenght of the lateral shifting of the valley axis towards the steeper (W
facing) slope is about 530 m. Pleistocene lateral thermal erosion took also share 
in the development of asymmetric valleys (F,ig. 3.) ,which belong to the typical 
features of the relief in the western part of Czechoslovakia. 
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PLEISTOCENNI TERMOEROZE V ZAPADNI CAST! CESKOSLOVENSKA 

Autor pojednava (l jednom z velmi vyznamnych faktoru pri vyvoji Udolf v oblasti 
Cech IJ Moravy, tj. 0 pleistocenni terl1loerozi. Termoeroze je proces rozpousteni pod
zemniho ledu, odnas,eni uvolnenych hmot tekouci vodou a s tim spojeneho vznilm 
pi'iznacnych tvarureliefu. Nase'vyzkumy poultazujl na velky vyznam linearni a lateral
ni lermoeroze pri vyvoji pleistocennlch udolf a modelaci pi'edpleistocennfch udolf v ob
lasti Geske vysociny a Zapadnich Karpat. V praci jSOli take podany pi'ime a nepi'ime 
diikazy existence pleistocenni dlouh::>dobe zmrzle pudy na uzeml Ceskoslovenska, jejiz 
mOCllost mohla dosahovat az okolo 100 m a obsllh ledu az kolem 60-70, %. 

Hi vyvoji uvalovitych udolf, zastoupenych u nas pi'edkvarternimi sirocl~ rozevi'e
nymi udolimi, pleistocennimi upady a suchymi udolimi se silne uplatnily procesy linear, 
ni termoeroze. Mnohe upady a sucha udoll 5e zacala vyvijet na ledovych klfnech a ~T 
mistech vetsiho nahromallenl pm)zemniho ledu. Lateralnl termoeroze se podil~la (spo 
IUl'iisobila) pi'i vyvoji asymetl'ie techto udoH. 

Pri vyvoji hluboce zarezanych udolf ve tvaru vice nebe mene rozevi'eneho pismmw 
V sa v pleistocenu uplatnila zeJmena mechanicka eroze tekouci vody a take linearni 
:ermoeroze. Boen! termoeroze mela pro celkovY vzhled techto udolf mens! vyznam. 

Pro dnesni tvai'nost neckovltych udolf oyla rozhodujici lateralni termoeroze, pro 
bihajici zi'ejme casto za soucasneho tennoerozuiho prohlubovallf udoln[ch den. Neni 
vylouceno, ze bocni termoerozi podporovala i TliiledL 
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