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Abstract 

After a short disscussion of the term periglacial, for which in German two versions, periglazial and periglaziiir 
coexist, the development of periglacial research as reflected in the German literature is outlined. This paper focusses 
on research activities in arctic, subarctic and alpine environments after the Second World War, a phase in which most 
attention has been devoted to alpine periglacial studies in various parts of the world. 

Regional studies rather than studies on specific periglacial phenomena prevail and show the geographical affi­
liations of German periglacial research. Traditionally a branch of descriptive climatic geomorphology, research in actuo­
periglacial environments has experienced a graduał shift towards more ecological approaches. This is reflected by an 
increasing consideration of the whole range of periglacial environmental factors and their complex interrelation; 

The next section focusses on periglacial micromorphodynamics and microrelief features. Results on patterned 
grounds, earth hummocks, seasonal frost crack polygons, palsas, depergelation forms (thermokarst) and gelifluction 
are briefly reviewed. 

in the section on periglacial meso- and macromorphodynamics cryoplanation forms, convexo-concavo slope 
profiles, periglacial fluvial and eolian activity are discussed. Active cryoplanation forms have been described from a mari­
time non-permafrost environment. 

. Finnally, studies dealing with the spatial delimitation and regionalisation of the polar and alpine periglacial wne 
·are summarized. lt can be shown that the periglac.ial zone is not absolutely identical with the distribution of permafrost 
and can only be delimited and subdivided by means of climatic associations of periglacial microrelief features. 

Resume de l'auteur 

Apres une courte discussion du terme periglaciaire (pour lequel deux versions periglazial et periglaziiir coexis­
tent en allemand), l'auteur donne une vue generale des recherches periglaciaires sur la base de l'etude des travaux alle­
mands publies apres la derniere guerre. Les travaux consideres portent sur l'arctique, le subarctique et le domaine 
alpin. Cette synthese montre que beaucoup d'etudes ont porte sur les phenomenes periglaciaires de montagne dans le 
monde entier. 

Les etudes regionales sont plus nombreuses que celles se rapportant a des phenomenes periglaciaires specifiques; 
elles montrent la tendance proprement geographique des recherches periglaciaires allemandes. Ces etudes constituent 
traditionnellement une branche de la geomorphologie periglaciaire descriptive; la recherche sur les milieux perigla­
ciaires actuels a cependant progressivement evolue vers des approches plus ecologiques. Ceci apparait par la prise en 
consideration de plus en plus importante de !'ensemble des facteurs de !'environment et de la complexite de leurs interac­
tions. 

La section suivante est consacree aux microprocessus et aux microreliefs. Les resultats sur les buttes de terre 
les fissures polygonales de gel saisonnier, les palsas, !es formes de thermokarst et de gelifluxion sont egalement passes 
en. revue. 

Dans la partie consacree aux phenomenes de taille moyenne et grande, les formes de cryoplanation, les profils 
de pente convexo-concave ainsi ąue les activites fluviatiles et eoliennes sont discutees. Des formes de cryoplanation active 
ont ete decrites dans un environnement maritime sans pergelisol. 

Des etudes consacrees a la delimitation spatiale et a la regionlisation de la zone polaire et montrent que 
la zone periglaciaire ne recouvre pas exactement les regions ou existe un pergelissol. 

* Geographisches Institut, Ruhr-Universitat Bochum, 4630 Bochum 1, Federal Republic 
of Germany. 
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INTRODUCTION 

Although Germany at present participates only insignificantly in the active 
alpine periglacial zone and although the major part of German periglacial studies 
is devoted to the Pleistocene periglacial environment research activities in actuope­
riglacial environments, both polar and alpine, have a long tradition and have ge­
nerated a voluminous literature. 

In the German literature the term peri'glacial is used in two versions, peri­
glazial which was originally introduced by ŁozIŃSKI (1909) and periglaziiir 
which was suggested by GRAHMANN (1951 ). Perz'glazial which is still more 
widespread is either used in a generał and comprehensive or in a restticted tempo­
ra! sense whereas periglaziar is rather used in a process oriented, ecological 
and spatial sense. In accordance with GRAHMANN (1951) the reviewer prefers 
the latter because of its generał geomorphological and geographical meaning 
(KARTE, 1979 ). 

The development of German periglacial research in Arctic and Alpine envi­
ronments can roughly be divided into two phases the first of which started soon 
after the beginning of this century and received its main impulses from the 1910 
International Geological Congress in Stockholm, the Spitsbergen field excursions 
and the evolution of „climatic geomorphology" in the 1920's for which periglacial 
research seemed to off er particularly rewarding opportunities ( cf. PoSER, 1977). 
Apart from Spitsbergen, Iceland and Greenland became the main research areas. 
The achievements of this early phase have been summariied by TROLL in his 
classic paper of 1944 which was later extended (1947, 1948) and is also available 
in English (1958). These studies are bench-marks within geographically and 
climatically oriented periglacial research which draws its conclusions concerning 
periglacial processes and environments primarily from an analysis of the spatial 
distribution of periglacial phenomena in relation to climatic and edaphic condi­
tions. 

Like in other countries the interest in research on actuoperiglacial environ­
ments has increased considerably in Germany sin ce the Second World War. 
The role it has played since, within geomorphology as a whole, can be gathered 
from a review of the frequency of research subjects in geom,orphological publi­
cations between 1950 and 1974 (BLUME, 1975 ). According to this survey almost 
9% of the publications which were taken as a basis deal with periglacial topics. 
This is only exceeded by papers on glacial (13.6%) and fluvial geomorphology 
(13.7%). . 

It is the object of this paper to review the German periglacial literature 
of this phase and to outline the present state-of-the-art. This review is based 
on 250 publications between 1945 and 1979 dealing with the present polar and 
alpine periglacial environments. For reasons of space such an attempt will have 
to be incomplete and selective. 
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RESEARCH AREAS, TOPICS AND WAYS OF APPROACH 

With regard to research areas in the Arctic and Subarctic, Greenland, Iceland 
and above all Spitsbergen remained classic areas of research interest. In recent 
years this has been extended to northern Canada, Alaska and the Antarctic. 
Within these the specific research areas and topics have often been selected from 
an. actualistic point of view in order to gath er information for paleogeographical 
reconstructions of the Pleistocene periglacial environment in Central Europe 
(BtiDEL, 1962; BARSCH, KING, 1979 ). However, this actualistic principle was 
restricted mainly to similarities of the topographical and geological situation 
whereas climatic considerations and preexisting geomorphic conditions have 
been largely neglected so far. 

Table 

Classification by subject of 250 publications on periglacial research, 1945-1979 

Research topics 

Terminology 

Environmental factors including frozen ground, total 
Environmental factors 
Frozen ground, needle icc 
Polar permafrost 
Alpine permafrost, rock glaciers 

Microperiglacial morphodynamics, total 
Weąthering 

Features related to thermal contraction 
Sorted forms 
Nonsorted circles 
Earth humm.ocks 
String bogs 
Pingos 
Palsas 
Depergelation forms 
Gelisolifluction 

Meso- and macroperiglacial morphodynamics, total 
Nivation, · · cryoplanation 
Slope forming processes 
Periglacial fluvial 
Periglacial eolian 

Regionalisation of .the polar periglacial zone 

Regionalisation of the alpine periglacial zone, total 
(including permafrost and rock glaciers) 

Subpolar 
Midlatitudes 
Subtropics 
Tropics 
Large-scale syntheses 

Percen.tage of papers 

1.6 

16.8 
4.8 
2.0 
2.0 
8.0 

29.6 
2.0 
0.8 

12.8 
0.4 
3.6 
0.4 
0.8 
0.8 
2.4 
5.6 

12.8 
3.6 
3.6 
4.4 
1.2 

5.6 

33.6 
(41.6) 

3.2 
12.8 

9.2 
4.4 
4.0 
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Compared to the earlier phase of German periglacial research and to research 
in polar periglacial environments, considerably more attention has been devoted 
to high alpine environments in various parts of the world since the Second World 
War. Most work in this respect has been clone in connection with a research 
project initiated by PosER on the delimitation and subdivision of the ałpine 
periglacial zone along a meridional profile between the European Subarctic 
and equatorial Africa. These investigations have recently been suppłemented 
by studies in the Andes and the N orth American Cordillera. 

This primary interest in alpine periglacial environments can also be seen 
from a review of the topics of the publications on which this paper is based 
(Tab. I). On the whole regional studies prevail rather than studies on specific 
periglacial phenomena. This results from the predominantly geographical affilia­
tions of German periglacial research. More than 40% of the reviewed pubłications 
focus on the present alpine periglaciał zone and ałpine frost action phenomena, 
particułarly in midlatitudes (12.8% ). With regard to perigłacial processes and 
łandforms, studies on perigłacial micromorphodynamics prevailed (30% ), 
but in recent years more attention has been devoted also to other geomorphic 
features łike cryoplanation forms or rock glaciers which have been intensely studied 
in connection with alpine permafrost (8%). Although quantitatively few studies 
deal with fluvial or slope wash processes in the perigłaciał environment these 
have strongły influenced the formulation of generał modełs in climatic geo­
morphołogy (BtiDEL, 1969, 1977). 

There are still close łinks between periglacial research and climatic geo­
morphology but within the last ten years there has been a graduał shift towards 
a more ecological approach (PoSER, 1977), which is manifested by an increasing 
consideration of the whole range of periglacial environmental factors a,nd by 
a growth of interest in the exact measurements of processes and their environ­
mental boundary conditions ~nd by studies in small-scale geomorphic systems. 

PERIGLACIAL ENVIRONMENTAL FACTORS 

Periglacial climatic conditions are usualły approached at the scałe of macrocli­
matic parameters although it is recognized that these may• be of łittle rełevance. 
Since TROLL's (1944) investigations particułar importance has been attached 
to the frequency and intensity of freeze-thaw. cycles. Later studies in the Alps 
(HASTENRATH, 1960) and on Iceland (ScHUNKE, STINGL, 1973) have reveałed 
that freeze-thaw cycles in the air near the ground are insignificant for perigłacial 
morphodynamics and that the regional variability of freeze-thaw cycles in 
the air finds no correspondence in the ground. 

Detailed soil climate studies were also carried out on Spitsbergen (BtiDEL, 
1962, 1977; HERZ, ANDREAS, 1966; FURRER, 1969; STABLEIN, 1970), West Green­
land (STABLEIN, 1977 c, d ), East Greenland (ScHUNKE, 1979a) and in various 
parts of the Alps (VORNDRAN, 1972; KARRASCH, 1973). They focussed on the 
determination of the thickness and vertical diff erentiation of the active layer, the 
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temperature and .depth of the level of zero amplitude as well as on the correla­
tion between the temporal course of weather and snowmelt and the annual course 
of temperature and moisture conditions in the active layer: 

Other studies are related to polar permafrost. In an older study, GoHRS ( 1951) 
had postulated that due to usually higher ground temperatures and the isolating 
effect of snow cover permafrost would only occur at a mean annual air tempera­
ture several degrees belo w the freezing point. Recently, ST ABLEIN ( 1977 d) has 
investigated its distribution and regional subdivision in W est Greenland. As 

1 a result the continuous and discontinuous permafrost can be delimited by the 
- 7 .5 °C and the -2 ° to -3 °C annual isotherms respectively. On the basis of 
available literature and partly conflicting maps STABLEIN (1979a) also produced 
a permafrost map of North America which, however, does not differ substantially 
from existing N orth American maps. Although permafrost presupposes a n~gative 
annual heat balance at its surface and within its thermal regime, ·· heat balance, 
energy bala:pce or radiation balance data have not been used for its spatial deli­
mitation so far. The reviewer has compared existing permafrost maps with 
available radiation and energy balance data (BuDYKO, 1963; KELLEY, WEAVER, 
1969; FRANZ, 1973; BARRY, HARE, 1974 ). As a result it could be shown that even 
continuous permafrost does not need a negative mean annual net radiation on 
the landsurface but may occur at positive values of < 20 kcal/ cm - 2 (KARTE, 1979 ). 

Up to now there have been only a few stud,ies on the spatio-temporal deve­
lopment of polar permafrost. BuDEL (1972) described · a fossil active layer below 
the recent active layer on SE Spitsbergen which could be dated as 6000-5000 
B.C. STABLEIN (1979a) mentions a similar development of permafrost in the 
Canadian Arctic. According to ScHUNKE (1975) the sporadic permafrost on 
Iceland is subfossil or fossil. By means of dated tephra layers it could be shown 
that permafrost was still formed after 1000 B.C. From the recent reactivation 
of subfossil periglacial geomorphic features such as palsas and frost crack poly­
gons a recent aggradation of permafrost is postulated which can be related to 
a generał climatic cooling in the Arctic and Subarctic since the 60's of this century. 
At the same time degradation as a result ofwarmer period between 1930 and 1960 
still continues in places (PRIESNITZ, ScHUNKE, 1978). Although the climatic trend 
in SE Greenland is similar this is for unfavourable edaphic reasons not manifes-

. ted in the periglacial microrelief (ScHtlNKE, 1979a ). 
Alpine permafrost has been investigated in connection with studies on rock 

glaciers (BARSCH, 1969, 1977a, 1977b, 1978; FuRRER, FITZE, 1970; HAEBERLI, 
1975 ), which are regarded as the best indicators of alpine permafrost. In the Alps 
the active Iayer reaches a thickness between 1 and 3.5 m (BARSCH, 1973). A gre­
ater thickness indicates that the underlying permafrost body is not in equili­
brium with present climatic cond.itions. Alpine permafrost occurrences have 
been studied by boring and direct temperature measurements (BARSCH, 1977a), 
refraction seismics (BARSCH, 1973; KING, 1976) and the determination of the 
temperature at the base of the winter snow cover as a sort of indirect heat flow 
measurement (HAEBERLI, 1973, 1978). Analogous to polar permafrost, alpine 
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permafrost is vertically subdivided into continuous, discontinuous and sporadic 
permafrost with the continuous permafrost in the Alps being delimited by the 
-8 °C to -8,5 °C annual isotherm, the discontinuous permafrost by the -1 °C 
to -2 °C annual isotherm whereas sporadic permafrost can even occur at positive 
mean annual air temperatures. 

Seasonally frozen ground has been studied in the Alps and in Iceland where 
ScHUNKE and STINGL (1973) make a distinction between a maritime type with 
shallow discontinuous freezing and frequent freeze-thaw cycles and a conti­
nental type with deep and long freezing and only few freeze-thaw cycles. Accor­
ding to ScHUNKE ( 1975) the latter resembles permafrost in its effects on peri­
glacial meso- and macromorphodynamics. 

On the whole frost climate conditions arc now seen as minimum factor which 
determines the potentia! occurrence of periglacial processes and landforms. Within 
these climatic boundary conditions periglacial morphodynamics is primarily 
controlled by the preexisting relief, allochthonous sediments as well as local and 
edaphic factors (ScHUNKE, 1977a, 1979a; STABLEIN, 1977a) on which numerous 
observations are found widely dispersed in the regional studies and which have 
pardy been summarized elsewhere (ScHUNKE, 1975; H6LLERMANN, PosER, 
1977; KARRASCH, 1977). 

PERIGLACIAL MICROMORPHODYNAMICS AND MICROFORMS 

As in other environments weathering is an essential pre-requisite for the inten­
sity of periglacial morphodynamics. Frost shattering is regarded as the prevailing 
type of weathering although examples of chemical weathering in the periglacial 
environment are also pointed out (HóLLERMANN, 1964; SEMMEL, 1969; MECKE­
LEIN, 1974). A distinction is made between surface weathering in th.e seasonally 
frozen ground and permafrost which according to STABLEIN (1977b) produces 
even silt and clay particles. B-ODEL (1969) pointed out that in the upper parts 
of ice-rich permafrost ( which he calls „ice-crust") above the level of zero ampli­
tude. frost shattering is particularly iritensive and .an importarit precondition for 
intep.sive fluvial erosion in permafrost environments. 

Studies on the lithological control of frost weathering have stressed that tex­
ture, porosity and permeability are far more important than petrographic hardness. 
or mineralogical composition (HoLLERMANN, 1964; STINGL, 1969). With regard 
to climatic controls it could be shown that the duration, depth and· intensity of 
ground freezing and the availability of moisture are critical factors rather · than 
the frequency of freeze - thaw cycles (H6LLERMANN, 1964; SCHUNKE, 1975 ; 
MATHYS, 1974 ). Intensities have been approached via quantitative studies of deb­
ris production in a midlatitude alpine periglacial environment (VoRNDRAN 
1969). 

With regard to periglacial micromorphodynamics and to patterned ground 
studies sorted forms have received most attention in German periglacial literature. 
They are regarded as typical polygenetic features. ScHENK (1955) stressed the 
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importance of hydration and dehydration processes for their formation. In recent 
summarizing studies the following basie mechanism~ are distinguished (STINGL, 
1974; SCHUNKE, 1975; STINGL, HERRMANN, 1976): 

1. cracking ( frost, hydration or desiccation) in connection with actual frost 
sorting, 

2. turbation movements of the fines in connection with vertical, lateral and 
centrifugal migration of the coarse materiał as a consequence of cryo- or/and 
hydrostatic pressure differences in the active layer or seasonally frozen ground. 

Convection theory is rejected. While these concepts are discussed at lengtb 
actual process studies have been neglected. 

Since the studies of PosER (1933) and TROLL (1944, 1947, 1948) much atten­
tion has been focussed on a climatic classification of diff erent types of sorted forms 
(KIM, 1967; STINGL, 1971; VORNDRAN, 1972; PREUSSER, 1973). Recent quanti­
tative studies on Ice}and and observations in the Alps have defeated this idea and 
stressed the role of edaphic factors as controlling the occurrence ofdifferent size 
types of sorted forms (HoLLERMANN, 1964, 1967; STINGL, 1969, 1971, 1974; 
ScHUNKE, 1975; STINGL, HERRMANN, 1976 ). Quantitative studies on the micro­
morphometric variables have also confirmed the basie similarity of the interna! 
structure of polar and alpine occurrences (HERZ, 1964; FURRER, 1968, 1969; 
ABT, BACHMANN, BDHLER, FURRER, 1971; FREUND, 1971). 

Compared with sorted forms nonsorted circles (mudpits) have n.ot yet been 
studied in detail (SEMMEL, 1969; FITZE, 1975; STABLEIN, 1977a, 1977b ). Earth 
hummock.~ h~ve been described from high arctic (HABRICH, 1968), subarctic 
(M"PLLER, 1962; ScHUNKE, 1975, 1977b, 1977c, 1979a; STXBLEIN, 1977a), va­
rious alpine Jocalities (HoLLERMANN, 1964; 1967; ELSASSER, 1967; STINGL, 
1969; KELLETAT 1970; GARLEFF, 1970) and sporadic occurrences even from low 
altitudes in midlatitudes (KELLETAT, 1969b ). The classical occurrences on Iceland 
are restricted to a narrow range of edaphic and hydrological conditions with. a 
marked content of frost susceptible fines·· in the substrate, good water holding 
capacities and a closed vegetation cover. 

Very few German studies exist on polygonal crack patterns. ScHENK's (1955, 
1966) theory of the formation of ice-wedges by Taber ice and not by thermal 
contraction can no longer be supported. Seasonal frost crack polygons on Iceland 
can be explained by thermal contraction or dehydration (ScHUNKE, 1974a, 1975) 
and are in many respects similar to the ground wedges described from other 
parts of the Arctic. On Iceland they occur without permafrost and are presently 
reactivated at a mean annual air temperature of -1.6 °C. This shows that on 
Iceland they occur close to their climatic boundary conditions. With regard to 
frostandice mounds MDLLER's (1959) classic study of the formation and distin­
ction between closed and open system pingos needs no further mention. Palsas 
have been studied in Lapland (Qu1Tzow, 1963), Greenland (STXBLEIN, 1977a) 
and especially in Iceland where ScHUNKE (1973, 1975; PRIESNITZ, ScHUNKE, 
1978) could identify aggradational and degradational forms resulting from the 
above mentioned climatic trends in the Arctic and Subarctic during the last 
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five decades. The degradational forms are generally regarded as „thermokarst" 
teatures. The reviewer has .rejected this popular though scientifically incorrect 
term and proposed with reference to BRYAN (1946) the term depergelation forms 
(KARTE, 1979). Such forms have been described from Northern Alaska (FURBRINGER, 
HAYDN, 1974), West Greenland and the Canadian Arctic(STABLEIN, 1977a, 1979a). 

A voluminous literature relates to gelisolifluction which has also been the 
object of vivid terminological discussions (BDDEL, 1959; RoHDENBURG, 1971; 
RmcHMANN, 1978). As a result the term gelisolifluction should be reserved for 
frost induced slow mass movements on slopes and not include in situ movements 
of particles which TROLL (1944, 1947) called microsolifluction. 

The following environmental factors have been stressed as critical for the 
occurrence and intensity of gelisolifluction: effective freeze - thaw cycles, amount 
of water-holding fines in the substrate, soil moisture content, degree of vegeta­
tion cover and inclination of slopes between 2 ° and 30 ° ( BUDEL, 1962; FITZE, 
1971 ; FURRER, BACHMANN, 1972; SCHUNKE, 197 5 ). Although the climatic boun­
dary conditions are not yet well defined, permafrost is not regarded as a necessary 
pre-requisite. 

Up to now most attention has been directed to gelisolifluction microforms 
and their distribution and diff erentiation. The boundary of regularly occurring 
gelisolifluction features (,,solifluction limit") is seen as an important criterion 
for the spatial delimitation of the periglacial environment as well as of high alpine 
regions (TitoLL, 1955; HoLLERMANN, 1967; KELLETAT, 1969a; FuRRER, DoRIGO, 
1972). But it could be shown that the expression of the forms or the frequency 
of their occurrence are no valid indicators for the intensity of gelisolifluction. 

Opinions on the intensity of gelisolifluction vary from region to region. 
Whereas BUDEL (1962, 1977) assumes a high intensity for SE-Spitsbergen recent 
studies take amore conservative point of view (SEMMEL, 1969; ScHUNKE, 1975, 
1979a; Brnus, NAGEL, SEMMEL, 1976; STABLEIN, 1977a). Process rates which 
have been measured so far vary between 0.7 cm/year on gentle slopes (2.5 °) in 
the arctic frost debris zone (BuDEL, 1977) and O. 7 m within 34 days in the needle 
ice environment of the Bolivian Cordillera (GRAF, cf. FURRER, 1972). It should 
be noted that these values refer to measurements at the landsurface and thus 
represent maximum rates. They do not indicate the depth o{ the gelisolifluction 
movement and how much materiał is actually transported (FITZE, 1971 ). Apart 
from this, rates · of gelisolifluction have been seen as primarily dependent on 
the inclination of slopes whereas the differentiation by local edaphic factors has 
been neglected so far. 

PERIGLACIAL MESO- AND MACROMORPHODYNAMICS 

Periglacial morphodynamics at the meso- and macro-scale is. understood as 
the combined action of micromorphodynamics and polyzonal processes, such as 
slopewash, fluvial or eolian processes in the periglacial environment which leads. 
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to the formation of vaUeys, slopes and various flat elements of relief. I t is gene­
rally recognized that in most cases these forms are polygenetic, i.e. the result of 
various generations of geomorphic processes and thus not purely periglacial in 
origin (BtiDEL, 1971; WrnTHMANN, 1976, 1977; STABLEIN, 1977a, 1977b; ScHUN­
KE, 1977a, 1979a). , 

Nivation and cryoplanation forms belong to this category but are still regarded 
as periglacial indicators (ScHUNKE, 1977a). The genesis of these forms is seen 
as resulting from similar complex geomorphic processes in which frost shattering, 
gelisolifluction, slopewash, congeliturbation and snow pressure operate together 
in connection with oval or longitudinal perennial snow patches. The resulting 
hollows, benches, terraces and cryopediments have been studied in midlatitude 
alpine periglacial environments (BERGER, 1967; KARRASCH, 1972) and especially 
in Iceland (ScHUNKE, 1974b, 1975; ScHUNKE, HECKENDORFF, 1976) and in SE 
Greenland (ScHUNKE, 1979a ). These studies stress the lithological control and 
reveal that cryoplanation terraces can no longer be regarded as indicators of 
a continental frost climate (cf. RICHTER, HAASE, BARTHEL, 1963a, 1963b) and that 
they are active without permafrost at mean annual air temperatures between 
-1 °C and -2°C. 

As different from the international periglacial literature tripartite convexo­
-concavo slope forms have been described as . widespread from Iceland, Spits­
bergen, Greenland and Axel Heiberg, especially in palteau landsc~pes with flat 
lying sediments, showing typical zones of denudational processes '(BtiDEL, 1960, 
1962; WIRTl-IMANN, 1962, 1976, 1977; SCHUNKE, 1975; STABLEIN, 1977b; NAGEL, 
1977). Three distinct sections can be recognized: the convex upper slope with 
combined action of gelisolifluction and slopewash, the ·. iuiddle section with 
prevailing slopewash, rillwash, gully erosion or with a frei face and gravitational 
processes ;and the lower concave section with gelisolifluction, slopewash and 
transport of fines by subsurface drainage. According to BtiDEL (1960, 1977) 
inttinsive gulły erosion in the middle se~tion can lead to the formation of , , trian­
gular slopes". 

With regard. to the intensity of slope forming processes quantitative data are 
not yet availablt Whereas BtiDEL (1962) assumed a high intensity··for .. SE Spits­
bergen, N AGEL ( 1977 ), STABLEI~ ( 1977b) and ScHUNKE ( 1979a) p~inted' 9ut 
that periglacial slope forming processes on W Spitsbergen, W and SE Greenland' 
havę only insignificantly changed the inherited, glacially eroded slope forms. 
Óf particular geomorphic importance, however, are spontaneous and catastro­
phic mass transports in connection with heavy rain fall which has been reported 
from Spitsbergen (THIEDIG, KRESLING, 1973,i THIEDIG, LEHMANN, 1973). 

Opinions on perigl1cfaLfluvial activity are still controversial and contradictory. 
They are based on r~lief' and sediment analysis rather than on process studies. 
BtiDEL (1960; ,1969) beiieyed that the ice-rich upper layer of permafrost (ice­
-crust) which he fouhd in s:E Spitsbergen waś ,not only an effective agent of deep 
mechanical weathering but also a decisive pre-requisite of a very intensive vertical 
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and lateral thermoerosion in river channels. He determined the average Holocene 
vertical erosion as amounting to 3 m/1000 years and called the polar frost debris 
zone a „zone of excessive valley formation". 

According to recent studies in W Spitsbergen, in Greenland and on Ellesmere 
Island the model of very intensive fluvial erosion and valley formation in perma­
frost environments by means of the „ice-crust eff ect" cannot by generalized 
(Brnus, NAGEL, SEMMEL, 1976; STABLEIN, 1977b; BARSCH, KING, 1979; ScttUNKE, 
1979a ). It could be shown that in the latter areas, accumulation from the slopes 
dominates over erosion in the valley bottoms. It is recognized though that peri­
glacial fluvial systems may have a high sediment transport and erosion potentia!, 
but in the investigated areas the present periglacial rivers and their geomorphic 
activity are essentially controlled by the preexisting glacial landforms and se­
diments which they have not altered significantly so far. In order to clarify the 
problem of periglacial fluvial erosion it seems necessary to continue investi­
gations in present periglacial environments which have not been glaciated during 
the Pleistocene (e. g. the Yukon Territory, Canada). 

Compared to Pleistocene periglacial studies recent periglacial eolian activity 
has not received much attention in the German periglacial literature although 
a number of observations are to be found in regional studies. TROLL (1973) 
has summarized the combined action of needle ice and deflation, gelideflation, 
which produced microforms of turf exfoliation occurring above all in subarctic 
maritime and high altitude tropi cal environments. MIOTKE ( 1979) has studied 
deflation and wind abrasion processes in South Victoria Land, Antarctica. It 
could be shown that ventifacts in the Dry Valleys can be formed within a few 
decades or at most, a few centuries. The geomorphic eff ect of blowing ice or snow 
crystals for abrasion processes should not be overestimated. 

Like the opinions on partia! macromorphodynamic processes in the peri­
glacial environment · the formulation of generał models of geomorphic activity 
in the polar periglacial zone remains controversial. Whereas for BuoEL (1977) 
it is a zone of excessive valley formation, for DEKOV (1965) it is an area of intensive 
planation and for STABLEIN (1977b) a zone of prevailing slope and only little 
valley formation. -

SPATIAL DELIMITATION AND REGIONALISATION 
OF THE PRESENT POLAR AND ALPINE PERIGLACIAL ZONE 

As pointed out earlier regional studies are typified by geographically oriented 
German periglacial research. Most of these are small-scale studies pertaining 
to the · alpine periglacial zone. Comparable studies on the regionalisation of the 
polar periglacial zone are few. 

In a survey of the European-Atlantic Arctic and Subarctic ScHUNKE (1977a) 
could show that most periglacial features occur ubiquitously depending on local 
conditions. Only at a large-scale approach and considering a large number of 
features is a planetary, altitudinal and peripheral-central regional variability 
recognisable. 
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Recently, the reviewer has attempted to delimit and regionalise both the 
polar and alpine periglacial zones (KARTE, 1979). In accordance with TROLL 
(1944, 1947, 1948) the periglacial zone 'is understood as geomorphic environment 
where frozen ground, no matter if diurnally or seasoqally frozen ground or per­
mafrost, is so intense that it entails conspicuous geomorphic effects. Against 
this background it could be · shown that the periglacial zone is not absolutely 
identical with the spatial extent of permafrost but can only be delimited by the 
boundary of spatial and climatic associations of periglacial microrelief features 
and their specific climatic threshold values. As these associations are regionally 
variable the periglacial zone can only be delimited in a regionally differentiated 
way. As a consequence the climatic threshold values along the boundary of the 
periglacial zone are also variable and decrease from an annual air temperature 
mean of -1 °C in the subpolar maritime environment to a value of -10 °C in 
the extremely continental boreal environment. On the basis of the large-scale 
regional variability of spatial and climatic associations of periglacial microrelief 
features a subarctic maritime, subarctic continental, a boreal, an arctic tundra 
and an arctic as well as high arctic frost debris periglacial environment could 
be distinguished as regional types of the polar periglacial zone, which have been 
presented on a map of the northern hemisphere (KARTE, 1979; KARTE, LIEDTKE, 
1981). 

With regard to the delimitation and subdivision of the alpine periglacial zone 
one has to refer to the detailed studies of the Gottingen periglacial school around 
PosER which were carried out along a paradigmatic meridional profile between 
the European Subarctic and equatorial Africa (PosER, 1954; HoLLERMANN, 
1964, 1967, 1976; HAGEDORN, 1969, 1977;,KELLETAT, 1969a, 1970, 1977a, 1977b; 
STIJ'.',TGL, 1969; GARLEFF, 1970; SCHUNKE, 1975; HOLLERMANN, POSER, 1977; 
BROSCHE, 1977, 1978 ). They have been supplemented by individual studies 
in the high mountains of North and South America, in the Middle East and by 
studies from another periglacial school around FURRER in Switzerland. 

There has been a long debate as to whether sorted forms (HOLLERMANN, 
1972) or gelisolifluction features are better criteria for the spatial delimitation 
of the alpine periglac~al zone. According to recent studies (cf. HoLLERMANN, 
197 6; H5LLERMANN, PosER, 1977; KARTE, 1979) the low er limit of gelisolifluction, 
or in the opinion of the reviewer, the lower limit of the spatial association of 
various types of gelisolifluction features, has proved a suitab1e criterion for the 
delimitation of the alpine periglacial zone. 

The lower boundary of the alpine periglacial zone rises with decreasing lati­
tude and increasing continentality culminating in the respective highest parts 
of mountainous areas. Climatic threshold values along the lower limit are also 
regionally variable and need further research. The hypsometric subdivision, 
based on the hypsometric variability of spatial associations of periglacial micro­
.relief features, shows a different picture from latitude to latitude. 

Within the polar frost debris zone a regular hypsometric subdivision is not 
recognizable. Obviously no geomorphologically significant climatic threshold 
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values are exceeded with increasing altitude (BARSCH, 1977 c ). The existing small­
-scale variability is primarily controlled by edaphic factors (STABLEIN, 1977a, 
1977b, 1977c; 1979b, 1979c). In the tundra and boreal periglacial zone the hypso­
metric subdivision is mainly determined by the vertically decreasing vegetation 
cover (ScHUNKE, 1979b ). This is also the critical differentiating factor in the 
middle and lower latitudes. In subpolar and middle latitudes a tripartite subdi­
vision into a lower zone with_ prevailing microforms of ·vegetation-covered ge„ 
lisolifluction, a middle zone where gelisolifluction microforms and sorted forms 
are associated and an upper zone with prevailing mictoforms of free gelisoli­
fluction and sorted forrns is typical. In the semi-humid and semi-arid subtropics 
a bipartite subdivision into a lower zone with the associątion of gelisolifluction 
features and sorted forms and an upper zone with forms · of free geliso'lifluction 
and sorted forms, is characteristic. In the high mountains of the inner tropics 
the alpine periglacial zone begins above the zone with vegetation cover and con­
sists mainly of features of needle-ice microsolifluction and U1iniature sorted forms. 
A further subdivision has not been recognized so far. In the arid zone between 
the semi-arid subtropics and the semi-arid tropics there ~s no present perigla­
cial zone, but only a thermally potentia! periglacial zone (lVIESSERLI, 1972, 1973 ; 
MENSCHING, 1977): The outlined picture of the delimitation and subdivision 
of the alpine periglacial zone has been summarized and presented on a schematic 
profile (KARTE, 1979 ; KARTE, LIEDTKE, 1981 ). 

CONCLUSIONS 

It was the object of this paper to outline the development of German perigla­
cial research in arctic and alpine environments and to review the main research 
results. From the multitude of mentioned aspects the following results may be 
summarized together with an outlook on remaining open questions: 

1. Traditionally a branch of descriptive climatic geomorphology, geographi­
cally oriertted German periglacial research has experienced a graduał shift to­
wards a more ecological approach. This is manifested by an increasing interest 
in investigations of periglacial environmental factors. Whereas numerous impor­
tant results on local climatic and edaphic factors have beeti achieved, from a geo­
graphical point of view the determination of the climatic boundary conditions 
of the periglacial environment as a whole, remains an important research object. 

2. Permafrost has been mainly studied as to its geomorphic significance. In 
the future pragmatic permafrost research will become more and more important. 
It will be the task of geographers to make the ecological and economic role of 
permafrost and periglacial research for practical purposes transparent. 

3. The intensive research of periglacial microrelief has produced numerous 
detailed results but in many cases their genesis is still not elear. The results have 
been mainly achieved through geographical approaches, i.e. by an analysis of the 
distribution and differentiation of periglacial features in relation to climatic and 
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edaphic environmental factors. Systematic process studies are still lacking. Whe­
reas our knowledge of the edaphic boundary conditions of periglacial microforms 
has improved considerably the determination of t>he climatic · threshold values 
of their genesis and spatial distribudon needs further research. The edaphic and 
climatic indicator values (cf. KARTE, 1979) of periglacial microforms is of rele­
vance for terrain evaluation in present periglacial environments as well as for 
palaeogeographical and palaeoclimatic reconstructions of the Pleistocene peri­
glacial environment. In addition to this, more attention should be paid to perigla­
cial structures which are known from the Pleistocene periglacial envir01)ment, 
such as involutions and cryoturbations, but which have hardly been stud.ied in 
the present periglacial zone. 

4. With regard to periglacial meso- and macromorphodynamics our knowledge 
has become more differentiated. Studies on periglacial denadational and perigla­
cial fluvial activity remain controversial as to the intensity of these processes and 
their respective role within the periglacial geomorphic system. Systematic proc~ss 
studies are as necessary as comparative studies in other parts of the polar perigla­
cial zone. In addition to this, investigations on processes like slopewash of which 
comparatively little is known should be carried out. 

5. The regionalisation of the polar and alpine periglacial environment will 
remain an important object of the geographically orientated German periglacial 
research. In this respect many areas in the Arctic and Subarctic as well as many 
high alpine regions, especially in North America and Central Asia are virtually 
„terra incognita". According to PosER (1977) there is a particular need of regional 
studies which deal with the whole inventory of occurring periglacial phenomena. 

With the foundation of a new central institute of polar research in the Fede­
rat Republic of Germany, the joining of the International Antarctic Treaty in 
1978 and the construction of a research station in the Antarctic, German polar 
research will receive a new impetus (cf. KoHNEN, 1979). This may not only re­
fer to periglacial research in the Antarctic, but periglacial research in the Arctic 
and Subarctic will also profit from this. 
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