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Abstract 

In the area of Czechoslovakia which was during the maximum Pleistocene glaciation situated in the 
foreground of the ice-sheet, some periglacial soil-structures are preserved. Already during the first decades 
of this ccntury, thcse phenomena were discussed in the Czechmlovukian literaturc, but thcir pcriglacial origin 
was rccognized much later. Until quitc reccntly, invcstigations in Czechoslovakia dcal mainly with fossil 
structures. During the last years, rcsearch work turncd to present-day phcnomena occurring in high mountain 
regions. The effects of frost action, which are known from the study of fossil forms, require further investiga­
tions that are also of importance in other branches of Quaternary geology, and for practical purposes (agricul­
ture, constructions etc). The importance of cryopedology, especially of applied cryopedology, has only now 
been duly appreciated. 

In Czechoslovakia, observations concerning cryopedology are of 
fairly recent date since they appear nearly a whole century later than 
the earliest reports from this field in the world literature. And so, 
in 1770 Pernetty recognized a certain system in the arrangement of 
the boulders on the Falkland Islands but ignored thc cause of its forma­
tion, and in 1837 von Baer gave the first description of polygonal 
soils without being ablc to explain their origi-°:. In the geological lite­
rature dealing with some areas in Bohemia, appears in 1896 a section 
drawn by J. Jahn to supplement his papcr: ,,Basalttuf-brekccie mit 
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Fig. 1. Section of an exposure near Semtin (district of Pardubice), drawn by J. J. Jahn 
in 1896 

1. uppermost humous-sandy layer (20-30 cm.) with numerous quartz pebbles; 2. upper clayey layer 
(50-75 cm.) with tuffitic breccia; 3. lower (1-2 m.) clayey layer with tuffitic breccia; s. wedges filled with 
fine-grained loose sand; b. compact basalt; t. opuka-Pläner mcirl; k. clayey calcareous waste from basaltic 

tuffs 

* Presented to the II (Geological-Geographical) Section of the Czechoslovak Aca­
demy of Science in Prague, on December 16, 1954. 
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silurischen Fossilien in Ostböhmen"; however, this author also failed 
to give any correct explanation of the problem. The section is from 
an exposure at Semtin, NW of Pardubice (fig. 1 ). The clayey horizons 
with tuffitic breccia exhibit an abundant occurrcnce of pockets filled 
with fine-grained, brown, loose sand; these pockcts the author calls 
Säcke. To-day, being in possession of comparative material, we cah 

see that Jahn' s section, although not too accurately elaborated, refcrs 
to various forms of Pleistocene ice-wedges filled with eolian sand 
from the Elbe terraces. 

Later, in 1900, appeared C. Zah alka' s well-known paper: ,,0 prü­
linach diluvialnich v Cechach" ( 77) where the author develops an 

w interesting explanation of the oc­
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E currence, in Cretaceous marls, 
of wedge-like depressions filled 
with sandy material (fig. 2). He 
compares these wedge-like forms 
which he calls prüliny, to the 
grooves appearing in karst re­
gions on bare, inclined surfaces. 
The walls of one of the wedges 
discovered by him in, the Rou­
dnice region exhibit an interes­
ting pattern being as if paved 
with flat.:..lying slabs of marl. 
Thisfact, C. Zahalka explains as 
follows: ,, ... They were brought 
into this position by running wa­
ter. And just because they are not 
horizontal but oblique to vertical, 

5 i----~-:::-'l"---W'--~...,_--..... --""l 
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Fig. 2. A p;ulina (from the district of Rou- the water seeping through from 
dnice) explained by C. Z aha 1 k a (1900) as above was flowing off and pene-

erosion trench trating downward into the adja-
1. a humous-sandy layer; 2. blown sand with frag-
ments of calcareous marl; 3. gravel layer; 4. creta- cent, very· penneable sand, whe­
ceous calcareous marl; 5. cretaccous marly lirncstones; reas the plates were 1nore resis­
filling of the wedge: blown sand with fragrnents of 

ca1careous mar1 tant to the disturbing action of 
water. Soon after their dilluvial 

formation, these prüliny were filled with dilluvial sand. Had this 
occurred later, the flanks of the prüliny would have collapscd 
und er the action of weathering processes". That Z aha 1 k a' s prüliny 
might be ice-wedges, was a possibility that remained for a long ti­
me unremarked in the literature. This mainly because of the uncha-
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racteristic bend of the layers in the direction of the wedge-filling in­
stead of their up-thrust undcr the prcssure of thc adjacent material. 
To-day, however, when ice-wedgcs showing no up-thrust of the adjacent 
layers and also many exposures with ice-wedges in the area described 
by Zahalka are known from the literature, these structures can be no 
longer excluded from the type of forms produced by cryoturbation. 

Another observation recorded in the ear lier literature ref ers also 
to wedge-like structures. lt appears in the remarkable explanatory 
discussion by C. Purk y n e in his pa per „Das Pleistocaen bei Pilsen", 
published in 1904, in which several profiles of wedge-like structures 
are described ( 48). 

Still later, in 1912, R. Soko! published a paper (65) on the terraces 
of the middle Elbe, presenting an interesting section of the sandpit 
north of Velenka with wedge-like tongues of pebbly gravel. The forma­
tion of these wedges, the author attributes to ,, ... , a powerful water 
current that disturbed the previously accumulated sandy layers and 
began to shift them and filling them at the same time with gravel from 
above" (65). To-day these tongues may be regarded as a system of 
wedges whose top portions were disturbed by solifluction or by cryottir­
bation, since they might as well be involutions (zvifene pudy) due· to the 
disturbance of the sandy layers jointly with the thin impermeable layer 
of redeposited marls, by stresses operating within the zone of regelation. 
As the profile lacks accuracy of design and does not contain details 
that would permit to draw any inferences as to the action of the stresses 
or 6f the rotational movement, no precise conclusions can be derived 
from this section. 

Likewise, L. Urbane k presented in his paper „Kolinsko a Kou­
timsko", published in 1933, several profiles of wedge-like structures 
in sands and gravels but he also did not attribute them to frost action 
(70). Quite a number of similar reports can be found in the Czech 
literature. Let us, however, pass on to those contributions in which 
Pleistocene phenomena are, for the first time, in our country spoken 
of in terms of frost produced soil structures i. e. of structures having 
originated in periglacial climate and to the papers containing descrip­
tions of present-day soil-forms. 

The first observations concerning frost-produced phenomena, 
supplemen:ted by some terms hitherto unknown in the Czech literaturc 
were reported in 1937 when B. Müller (34) described from the vicinity 
of the Liberec reservoir needle-ice (jehlovity led) containing ice-needles 
up to 8 cm in height, which he called Faserpelz. This author was the 
first who introduced into the Czech literature the names of Low, 

Bluletyn 23 
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Gripp, Grahmann, Dücker a. o. Being acquainted with scvcral 
works by these writers, he tried, although somewhat incoherently, to 
compare present-day frost action in our country with present-day frost 
action and ice-structures in sub-Polar regions or with fossil phenomena 
in the earlier periglacial zone. 

A correct recognition of frost-produced fossil structures (apart 
from observations collected in mountaineous areas - see e. g. H ö g­
b o m, 11; R. Sokol, 66; C. Schott, 54 a. o.) was not achieved until 
the years 1940-43. Research-work was then chiefly conducted · by 
H. R. Gärtner and R. Hundt, who were particularly engaged in 
the study of fossil involutions and ice-wedges occurring in western 
Bohemia. 

H. R. Gärtner (8, 9) gave a fairly detailed description of some 
involutions and funnel-like open wedges from the dale of Cheb. He 
regards these wedges as the effect of tectonic subsidence, but at the 
same time thinks them somewhat reminiscent in form of the ice-wedges 
described in 1936 by G. Selzer and W. Soergel. As evidence against 
their being ice-wedges he cites the inward bend of the gravelly and 
sandy layers, taking for granted that the marginal part of ice-wedges 
must always be up-thrust. T~e considerable degree to which the Cheb 
region, is tectonically disturbed induced the writer to attribute the 
origin of these structures not ,to frost but to tectonic causes. 

In the years 1941-42, E. Schönhals conducted research work 
in the area of Czechoslovakia and published in 1943 a report entitled 
„Diluviale Eiskeilfüllungen und andere Bodenfrosterscheinungen in 
Böhmen und Mähren" (55) which again refers to ice-wedges and invo­
lutions (zvifene pudy). 

In 1941, 1942 and the following years experts proceded under 
the sponsorship of the „Institute for Soil Research in Bohemia and 
Moravia" to a basic mapping of the westernmost part of the Bohemio­
Moravian Upland crystallinicum in the regions of Sedlcany and Ricany. 
In the course of this enterprise V. Ambroz (2) and Z. Roth (50, 51) 
established the occurrence of some peculiar periglacial phenomena 
hitherto unknown in Czechoslovakia. In the Jevany Forest they found 
some embryonic cirques (embryondlni kary), pseudo-moraines and 
varps or varp-steps ( varpove stupne), as well as some embryonic cirques 
in the district of Sedlcany (fig. 3). Z. Roth believes these cirques to 
be some special instance of Pleistocene rubble (skalni mofi) whose sliding 
was facilitated by ground-ice. In addition to the problem of passive 
moraines - which the author together with J. Ku n s k y had oppor­
tunity to observe in Iceland - he deals with the question of frost-action 
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upon rocks. V. Am bro z and Z. Roth cite many examples from Alpine, 
Polar and sub-Polar regions and introduce into the Czech literature 
SJme terms and concepts of international connotation which they 
sometimes replace by suitable translations. For example such terms 
as Blockströme or Erdgletscher Z. Roth translates into our language 
as kamenne proudy (boulder streams). For stone-river he uses the term 

Fig. 3. A diagram of the origin of a block-stream and of its headwater cirque. Inter­
stitial water contained the fissures of the rock interstitial ice of considerable thickness 
(upper figure). In the headwater a mound is produced which, when thawing crceps 
downhill as a boulderstream. The detachment area froms a cirque (Z. Roth, 1944) 

kamennd feka, introducing also into the Czech literature S umgin' s 
term active layer ( ucinnd vrstva) to designate the subsurficial layer of 
permafrost. Ca p p' s rock-glaciers he ref ers to as skalni ledovce and 
H ö g b o m' s Spaltenfrost, as puklinove ndmrazy (interstitial ice). 

The fact that Czech geologists became acquainted with the foreign 
literature on fossil frost phenomena together with the results of their 
own intensified and more accurate field work contributed to a further 
advancement of cryopedology in Czechoslovakia. In 1943 appeared 
the first papers written by Czech geologists that can be said to differ 
from the earlier publications by a more thorough treatm~nt of the, 
problem and greater accuracy. These works brought some observations 
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that were entirely new in the Czcch literature on Quatcrnary geology 
(fig. 4) . 

And · so, K. Z e b er a ( 86) was the first to recognize the presence 
of Pleistocene polygonal soils in the area of Bustehrad, Q. Zar u b a ( 80) 
studied a number of fossil frost forms (fig. 5) in Prague and its vicinity, 
J. Ku n s k y ( 21) discovered in southern Bohemia the first ice-wedges 
in the alluvial deposits of the crystallinicum. 
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Fig. 4. Cross section through a frost fissure in the vicinity of Privory in the district 
of Vsetaty (K. Zebera, 1943) 

1. cretaceous opuka-Pläner with a frost fissure filled with calcareous blown sand (a, b, c, d); 2. cal­
careous blown sand with opuka-Pläner debris (W I); 3. lens filled with material of rather resistant 
siliceous marls (W I/W II); 4. calcareous sandy blown loam (W II); 5-6. degraded black earth formed 

upon calcareous sandy loam 

These developments in cryopedology during the years 1939-45 were 
due not only to the description of new exposures and to the explanation 
of new soil-structures but also to the abundant quotations from the 
foreign literature that was h eretofore unknown in Czechoslovakia. 
We became familiar with the names of G. Andersson, the originator 
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of the term solzfluction, of B. H ögbom, known for his classic work 
on present-day frost action in sub-Polar regions, as well as with the 
papers by P. Kessler who studied fossil soil structures on a wide 
scale. Quite as n,umerous were also references to Leffingwell who 
was the first to describe present-day frost cracks in Alaska, further to 
W. Meinardus, K. Gripp, H. Poser, A. Dücker, W. Soergel, 
F. E. Zeuner, A. I. Moskvitin, M. J. Sumgin, W. Loziri.ski and 
many others among whom also C. Purkyne, C. Zahalka, R. Sokol a.o. 

Fig. 5. Section showing Cretaceous clays displaced by frost~ which forms mounds on 
the old surface of the Pleistocene tundra (Q. Zar u b a~ 1943) 

a. Holocene black earth; b. the younger loess; c. lower loess with fragments of opuka-Pläner; 
d. fossif black earth, remnant of the lowest loess; e. yellowish gray Cretaceous marls (zone IIIa) 

Since 1945 investigations focussed essentially on the search of new 
Jocalities showing ice-wedges, solifluction and other similar fossil 
structures. B. Zahalka (76) described from the Podfipsko area nume­
rous wedges widely varying in form, and Q. Zaruba - some wedge-like 
forms from the Turnov district (83). Later, with the development of 
studies, some more complicated profiles were investigated as can be 
seen from the paper by K. 2 e b e ra ( 87) in which the author gives 
closer and more cereful attention to the interrelationship of eolian 
accumulation and tundra phenomena. K. 2 e b er a sets forth the inte­
resting view that within the Pleistocene periglacial zone, ice-wedges, 
polygons and frost-kettles formed predominantly in loess with a shallow 
ground-water level and a compact bed-rock or else in clayey grounds 
and rocks. Owing to the constantly repeated process of freezing, they 
gradually changed into soil-structures folded by frost action (pudy 
mrazem prohnetene) which, on the slopes, passed into soliflual soils. 
K. Zebera also mentions so-called moving sands (bludne pisci) that 



Fig. 6. Pleistocene ice-wedges and kettles in Cretaceous marls near Pardubice (part of the section) - K. Z e b er a, 1949 
1. humous-loamy sand; 2. loamy-clayey gravel and sand (horizon B1); 3. gravelly clay (horizon B2); 4. spotted clay (decalcified cretaceous marl, horizon B

2
); 

5. spotted cretaceous Upper Tortonian marls; 6. eolian loamy sand, filling the ice-wedges; 7. erratic sands of eolian origin; F. the typical stage of a frost-kettle 
with two subsequent ice-wedges; G. the mature stage of an ice-wedge; H. an ice-wedge; CH. an ice-wedge; I. erratic sand; J. the initial stage of a frost-

-kettle; K. a typical frost-kettle with three subsequent ice-wedges 
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constitute part of the wedge filling and were, without any resistance, 
pressed out of their parent wedge (fig. 6). These sands may be com­
pared to the so-called injections, referred to in the foreign literature 
as sols injectes. 

All these studies, save those with a technical apprqach to the problem 
were not directly interested in its solution from a broader view-point 
including cryopedologic investigations into the scope of studies on 
Quaternary geology. lt was not until 1952, in the work by M. Ma­
zalek, K. Zebera, K. Zazvorka and V. Lo zek on „The Mousterian 
settlements with lydite and quartz industry on the Lydite Ridge in 
Lobkovice" (32) i.e. in a paper dealing with archeological problems 
that we find besides geological, osteological, malacozoological and 
paly nological investigations also a number of observations from the 
field of cryopedology. Owing to the results of cryopedologic research, 
the Pleistocene settlement in this locality was correlated with the inter­
stadial Riss I -Riss II. 

Apart from their stratigraphic significance, periglacial phenomena 
are also of importance as regards technical and agricultural purposes. 
On the basis of his investigations in the Elbe region, K. Zebera (87) 
holds that the sandy filling of fossil frost structures in clayey rocks, 
serve to a certain extend as reservoirs of ground-water. Q. Zaruba 
(80, 81) discusses from a geotechnical view-point, frost phenomena 
occurring in the surroundings of Prague. V. Roth (49) observed at 
Vysocany the displacement of ground beneath basements by Pleistocene 
ice-wedges, and K. Z ebera (8,) der~ved from his investigations in 
the Melnik region, the conclusion that in hard rocks, fissures filled with 
eolian sand act as a drainage system. Descriptions of present-day 
frost action upon the soil appear comparatively earlier in the technical 
literature - chiefly in the one dealing. with problems of construction -
that the discussion of frost phenomena, whether modern or fossil, 
in the geological literature on the Quaternary. This was mainly due to 
the urgency of practical requirements imposed by the destruction of 
roads, buildings etc. In order to prevent further destructions, several 
solutions were suggested with reference to the foreign literature, and 
numerous tests were made both in the laboratory and in the field. 

As far back as 1932, Q. Zaruba (79) in his paper „Vyzkumne prace 
geologicke v inzenyrskem stavitelstvi" (geological research in engi­
neering) in which he chiefly refers to the work of Tabe r, devoted 
a special chapter to the effects of freezing and thawing on the soil sur­
face. In 1937, A. Myslivcc investigated the influence of freezing in 
connection with road-construction (35). Z. Schwarz published in 
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!'942 a paper (57) on the action of frost upon the state of roads during 
the winter 1939-40, and Q. Zaruba (82) - on the importance of 
periglacial rock-weathering and solifluction with regard to the base­
ments of buildings. 

The work of L. Je z e k ( 14) published among the reports of the 
Public Technical Service represents an important contribution to the 
solution of the problems, whether theoretical or practical, arising in 
connection with the effects of freezing upon the soils. The author 
gives special attention to the formation, in the soil, of heterogeneous 
ice, as well as to the freezing capacity of the ground, to its viscosity and 
permeability. Je zek was the first in our literature to present a detailed 
discussion of Cassagrande's criterion, that serves to determine whether 
the ground is or is not susceptible of freezing i. e. whether the ice that 
is likely to form in it will be homo- or heterogeneous. 

In Moravia-Silesia, cryopedological studies developed along quite 
different lines, being also considerably retarded as compared to their 
development in Bohemia. However, it is worth noting that as far back 
as 1924 K. A bsolon (J) in his account of the first year of excavation 
works on the dilluvial stand of mammoth hunters at Dolni Vestonice 
described frost-caused disturbances pf the layers. Unless these are mere 
fissures seperating masses of landslide material, K. Abs o 1 o n must 
be regarded as the first Czech scholar who discovered, described and 
presented periglacial ice-structures in pulverulent sediments. Accor­
ding to Zebera, the presence of ice-wedges in the stand at Dolni 
Vestonice is quite possible. 

W e find in the literature some reports from Mora via ref erring 
to phenomena reminiscent of the fissures (pruliny) described by Z a­
ha lk a in 1900 (77). For example, V. Kalabis (15) observed in regions 
of Olomouc and Prostejov the penetration of Pleistocene sediments into 
Neogene sands. 

In Moravia and Silesia, fossil periglacial structures were not studied 
until after World War II. One of the most interesting contributions 
is the paper by M. Va s i cek (72) on Pleistocene periglacial disturbances 
in the Miocene sediments at Sudice and Muglinov. Apart from a ge­
neral survey of the Czech as well as the foreign literature, the author 
gives a detailed description of the origin of ice-wedges and of their 
filling ( fig. 7). 

Entirely different from all the publications /enumerated above 
is the one by J. Pelisek (38) in which the writer attributes the forma­
tion of wedges to drought-produced cracks, that evcntually led to the 
formation of ice-wedges. Quite recently, appeared also a paper by 
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J. Kunsky (24), reporting the occurrence of ice-wedges in the Vcnu­
sina volcano at Bruntal and containing descriptions of some ice-wedges 
in volcanic deposits, filled with finer material. 

Only in profiles can periglacial soil structures be studied in Czecho­
slovakia, the area being recovered with a widespread, thick mantle 
of eolian formation, planed by periglacial solifluction and altered by 
weathering processes, and the surficial structures being destroyed by 
vegetation and human activities. Surficial soil-structures occur here 
mainly in altitudinal areas. As the mean annual temperature in the 
mountains of Czechoslovakia falls in some places below -1,5° C the 
conditions prevailing here are similar to those existing in sub-Polar 
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Fig. 7. The origin of a frost crack on the Jaklovec near Ostrava (M. Va s i c e k, 1946) 
l. stage :,fter the Lower Würm solifluction in the Würm interstadial; 2. Upper Würm - first 
cycle of the formation of the wedge (winters); 3. the same (summers); 4. Upper Würm - warmer 
intercycle of the formation of the wedge; 5. Upper Würm-second cycle of the formation of the 
wedge (winters) - the sedimentation of the loess raises the limit of the perma(rost; 6. the same 

(summers) - solifluction; 7. the stage in a warmer period after the Upper Würm 

regions or in Pleistocene periglacial areas. Therefore, it is not yet 
quite clear whether the ice-structures occurring here are fossil or mo­
dc rn in origin. I shall only briefly outline the results hitherto acnieved 
by cryopedological research in the mountaineous regions of Czechoslo­
vakia, without entering upon a separate discussion of those conceming 
present-day phenomena and those dealing with fossil phenomena. 

At first, however, I wish to draw attention to a work, which is in 
the Czech literature the first containing descriptions and observations 
of contemporary frost-caused soil structures, although these observa­
tions were collected in area far remote from our country. I mean the 
geologico-geographic work by J. K unsk y and Z. Roth (26) entitled 
„Tindfjallajökull", giving an account of the results of the first expedition 
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of Czech scientists to Iceland in the summer 1936. In the area of the 
Tindjallajökull-glacier the authors studied the action of frost-weathering 
and solifluction. As a form particularly typical of this area they describe 
the so-called paved surfaces ( d!dzdeny povrch ), that are at present also 
known from our high· mountains where similar structures arise during 
the short period of regelation. 

Let us now turn again to the altitudinal areas where new localities 
with cryoturbate structures are being discovered with ever-increasing 
frequency. If we consult the list of Czech publications, we shall find 
that papers dealing with these phenomena are of much more recent 
date than those concerning fossil structures in lowland regions. It 

Fig. 8. Cross-section through the furrowed soil on the south-eastern slope of Mt. 
Luc:ni hora (J. Ku n s k yJ Q. Z a ru b aJ 1950) 

0- 4 cm. dark gray, strongly humous-peaty loam (A0-A1) 

4-16 „ whitish gray, loamy-sandy earth with small fragments of quartzites (A 2) 

16-20 „ blackish-brown, humous-loamy-sandy earth (B1) 

20-34 „ rusty-yellowish-brown loamy-sandy earth (B2) 

34-78 „ yellowish-brown loamy sand with fragments of quartzites (C) 

is actually the reverse of what can be observed in the foreign literature 
especially in the German, the Polish, the Soviet, the Scandinavian and 
the North-American literature. Let us take for example the problem 
of structural soils in the Krkonose ( Giant Mountains) from where they 
werereportedasearlyas in 1914 by B. Högbom in his classical work 
„Über die geologische Bedeutung des Frostes" and later, in 1929, by 
J. Gellert and A. Schüler (10), in 1931 by C. Schott (54), in 1933 
by H. Ouvrier (36), in 1937 by A. Dücker (7) and J. Büdel (4), 
·whereas in the Czech literature we find no mention of them until 1948 
in the paper by J. Kunsky in Pfiroda v Krkonosich (23) and, two 
years later, in the paper by J. Kunsky and Q. Zaruba (27) ,,Perigla-
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cialni strukturni pudy v Krkonosich". The authors describe these 
phenomena by reference to earlier publications and to their own results 
obtained by digging through the centers of the structures, a procedure 
that permitted to establish the presence of polygonal and furrowed 
soils (polygondlni, brdzdene pudy) that were classified as fossil (fig. 8). 

In the same year as the paper mentioned above appeared in our 
, literature the work of the Pole W. W alczak (74, 75) from Wrodaw 

„0 strukturnich pudach v Krkonosich". Quite independently of the 
existing literature, basing his inferences merely upon his own obser­
vations this author defines stone-rings as modern forms. 

However, structural soils were not the only forms that were recogni­
zed and observed in our mountains. Other frost-caused phenomena 
were investigated as well. And so in the early literature one can find 
remarks on rubble-fields and, in a general way, on frost-callsed disinte­
gration of compact rocks. From B. Högbom's fundamental work 
(11) we know of the occurrence of these forms in the Krkonose. In 
1917 they were also described by Soko 1 ( 66) from the Czesky Les. 
As far back as this date does Soko 1 mention stones produced by frost 
action and emphasizes the concept of sub-glacial solifluction with the 
meaning given the term by Anders so n; he mentions also rubble­
fields. 

Following Högbom, Andersson, Passarge, Loziriski and 
Salomon he defines the phenomena described as periglacial fades 
of mechanical weathering having originated in the Ice Age ( dilluvium). 
Later, Schott in his paper (54) cites several localities with rubble­
fields. By the majority of authors, these forms are regarded as fossil. 
The writer also refers to rubble-fields occurring in the Hruby J esenik, 
where quite recently M. Prosova (45, 46) during her investigations 
of periglacial phenomena established, in the summit portion, the pre­
sence of new localities with polygonal soils. From the same region, 
Petra n e k ( 43) reports the occurrence of the interesting periglacial 
phenomenon called rock-glacier (skalni ledovec). Petranek is the 
first author who mentioned this phenomenon in our literature. 

Let us still, for the sake of completeness, say ~ word about the state 
of cryopedologic research in the high mountains of Slovakia, which 
constitute that part of our country where frost-action is most intensive. 
During recent years, periglacial structures were likewise discovered 
in lower regions. Reports from altitudinal areas did not appear until 
1950 (the first paper on thufurs and garland soils in the Belske Tatry, 
by J. Sekyra, 58). Until that date, apart from the problem of glacia­
tion, no attention had been given to these mountain areas from the 
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view-point of cryopedology. The occurrence of amorphous solifluction, 
polygonal soils, frost cracks and other highly interesting forms was 
reported from the Tatra region itself and from high mountain regions 
in the West Carpathians, the Vysoke, Belske, Liptovske and Nizke 
Tatras or on the Babia G6ra. The majority of these forms are believed 
to be modern. These areas have been so far described by M. L ukni s 
(30), J. Pelisek (39, 40), J. Petranek (42) and J. Sekyra (58-61). 

In 1954, J. Ksandr gave a detailed account of the cryopedologic 
investigations carried out in the Tatra National Park (18). I do not 
intend to discuss this problem, because the publications relative to 
mountain regions having appeared during the very last years are easily 
available (these publications a,re enumerated in the bibliography). 

If we examine the list of the lates publications on the investigation 
of soil structures, whether modern or fossil, we can see at once that 
the development of these studies in Czechoslovakia was not so rapid 
as in other countries. The existence of a considerable number of loca­
lities displaying cryoturbate phenomena has undoubtedly exerted 
a powerful influence upon the development of cryopedology, as it is 
the case in those countries lying north of our Republic that were in­
vaded by Pleistocene glaciation as well as in the countries with exten­
sive high mountains regions, not to speak of the northern countries. 
Our studies which were so far based mainly upon the results obtained 
by Leffingwell, Andersson, Högbom, Troll and many others, 
will be also in the future supported by the knowledge derived from 
the achievements and views of those research workers whose ~xperience 
comes from the study of typical, frost-caused forms, fossil as well as 
modern, that constitute the best source of sound knowledge. Therefore, 
the investigation of intensive frost action and of present-day soil struc­
tures can not be underestimated. W e know from experience that our 
geologists have had so far only a few rare opportunities to carry on 
research work in sub-Polar, Polar or typical high mountain regions. 
W e must therefore try to broaden our knowledge in this field of 
study, by taking advantage of all the possibilities offered by our own 
country. 
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photo by J. Sekyra 

PI. l. Blocks of resistant weathering rocks stand out through congelifraction clearly visible. A crag, I O m. high, 
in the summit part of the Kralova Hola (1943 m. ) in the Nizke Tatry Mts. 
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pl:oto by J. S eky ra 

PI. 2. Thufurs in the Kopa saddle, 1770 m. above sea-level (Vysoke Tatry Mts.) 
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photo hy J. Sekyra 

PI. 3. Turf cover vrnrn by the ac~ion of the Pipkrakc. 
Surroundings of the Tery's hut, 2050 m. aboYe sea-lncl, 
in the valley Mala Studena Dolina in the Vysoke Tatry 

Mts. 

photo hy J. Sekyra 

PI. 4. Garland soils on the NE slope of the Bujaci 
Vrch ( 1950 m. ) in thc Belske Tatry Mts. 
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photo by J. Sekyra 

PI. 5. Structural soils in thc saddlc (1948 m.) south of thc Vclka Kopa in the Vysoke 
Tatry Mts. 

photo by J. Sekyra ' 

Pl. 6. Cryoturbation in the fluYioglacial cryotectonically worn sediments, locality near 
Novy Jicin 



photo by J. S ekyra 

Fl. 7. An ice-wedge, 225 cm. deep, in the old 
cover of lcess loams in tl:e Miocene sediments. 
The wedge is filled with ü :.e loess-like loam of the 
upper cover. In the lower rart of the wedge calca­
reous lcess is preserYed. Hranice in Moravia 

photo cy J. S ekyra 

Pl. 8. An ice-wedge in amphibolite shales filled with 
eolian sand. A locality near Tynec nad Labern. 
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photo by J. Sekyra 

Pl. 9. Ice-wedges and kettles in Cretaceous sandstones near Golcov Jenikov. The filling 
of the wedges consists of gravels and sand of high terraces. In the exposure, the fossil 

regelation zone is visible 

photo by J. S ekyra 

PI. 10. A rectified skeletal soliflucLion horizon buried by blown sands. On the right hand 
side ahove the dark subsoil horizon a drift of the subrecent blown sand is visible. Sovoluska 

Lhota in thc Zelcznc Hory 


