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The historical background of and the debate concerning the causes o f disloca­
tions observed in Danish coastal cliffs are outlined. Glaciotectonic analysis is 
shown to be useful in geological mapping as well as in exploration work. The 
Weichselian ice advances in the Danish region are discussed in the light of 
recent glacio tectonic studies. 

Glaciotectonic analysis is planned as an integral part of the future systematic 
geological mapping of Denmark (S0rensen & Nielsen 1978). 

Tectonic deformation of glacial deposits has been discussed in the Danish 
geological literature for more than 150 years not least on the basis of field 
work along the 7000 km long Danish coast-line which offers excellent out­
crops of tectonized sediments of Quaternary and earlier age. 

Ideas have changed concerning the role of glaciers as the tectonic agents of 
the dislocations observed in Pleistocene sediments. 

Forchhammer (1835) interpreted the dislocations observed in M0ns Klint 
as the result of endogenous dynamics. Johnstrup (1869,1874, 1882a & 
1882b) on the other hand, was the first in Denmark to advocate the 
ice-pressure hypothesis . Jessen (1899, 1916, 1918) was initially inclined to 
the hypothesis of endogenous tectonics supported by the majority of geolo­
gists of that time (Madsen 1915), but later he worked out the ice-pressure 
model of L0nstrup Klint in northern Jylland (Jessen 1931, 1936). Investiga­
tions of another well-exposed cliff area, R0jle Klint on Fyn , led Madsen & 
Nordmann (1940) to assume neotectonic movements (salt diapirs) as the 
agent of dislocations. 

Gry (1941, 1942) revived Johnstrup's ice-pressure model (1874) in his 
studies of the tectonic features in the Mo-clay area of northwestern Jylland. 
On the basis of tectonic analyses, inspired by a lecture given by C. E. Weg­
mann in Copenhagen 1933, Helge Gry undertook the first regional tectonic 
analysis of glacier-induced dislocations. 

The studies of the dislocations were greatly influenced by results obtained 
from investigations of recent glacier margins. A work to be mentioned here 
as an example is Gripp's Hamburgischen Spitzbergen - Expedition 1927 
(Gripp 1929). 
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Knowledge of the Prequaternary geology is a valuable prerequisite to a 
successful application of glaciotectonic analyses in geological mapping. Such 
knowledge, which has rapidly increased during the last twenty years in the 
Danish region, includes structures as well as textures of the strata occurring at 
the base of the glacial drift. Areas displaying neotecton_ic movements are 
reported by Madirazza (1978) and Andersen (1978). The zone in which 
Eocene deposits make up the Prequaternary surface presents many examples 
of glacier-influenced dislocations (Nielsen 1973; Larsen et al. 1977). 

The thickness of the stratigraphic sequences in Denmark showing evidence 
of tectonic dislocations is 50-100 m. The drift has an average thickness of 50 
m with a maximum of more than 300 m. The entire thickness of the drift is 
sometimes dislocated together with parts of the underlying Prequaternary 
strata. The structurally most complicated regions thus offer possibilities of 
studying the geological construction of an area and therefore form the best 
starting points for geological mapping. Consequently, they should be investi­
gated before areas which are more regularly built up (cf. Berthelsen 1973). 
This use of glaciotectonics opposes the view held by many geomorphologists. 
Furthermore, the erosional action of the youngest ice advances may have 
exposed glaciotectonic "windows" (Berthelsen op. cit. p. 27). The recogni­
tion of glaciotectonic windows represents the first step in a revision of the 
mapping procedure based on geomorphology in order to avoid correlation of 
non-synchronous till formations. 

Examples of glaciotectonic analysis 

In the following, four examples of the application of glaciotectonic analysis 
are given. Three are from localities on Sjrelland, the last is based on studies 
carried out in the southern part of Denmark. 

Strandegaards Dyrehave (0dum 1933) : In this area there are no morphologi­
cal expressions of glacial dislocations. From the geomorphology the area 
appears to be underlain by undisturbed glacial sediments. Dislocations are, 
however, seen in the cliffs facing the Fakse Bugt, where Eemian clay is found 
in the core of folds overturned towards the southwest. This marine clay most 
probably belongs to sediments deposited in a depression in the Prequaternary 
surface southwest of the Stevns and Fakse chalk areas (Milthers 1908). The 
Eemian deposits are overlain by tills and stratified drift which have been 
dislocated as a single unit by ice from the northeast . In the uppermost till and 
stratified drift deposits a younger ice-pressure episode is traced from the 
southeast (fig. 1 ). 
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Fig. 1. Diagrammatic sketch by Asger Berthelsen illustrating the glaciotectonic features in the 
cliff section at Strandegaards Dyrehave seen from the south. Eemian clay is seen in the core of 
folds (close hatching) , overlain by tills and stratified drift. Examples of Wulff nett-projections 
with constructed fold axes are given. The deduced ice movements are indicated by arrows. 

The different till-beds can be characterized by their content of stones, by 
their granulometric composition and by their age relationships as disclosed by 
palaeontological analyses (Petersen & Konradi 197 4 ). The importance of 
dating the ice-pressure episodes on the basis of the contents of shells, forami­
nifera and plant remains in the dislocated strata should be stressed . In this 
way serious misunderstandings with regard to the correlation with other lo­
calities may be avoided. 

The R0sna:s peninsula: This area displays a variable morphology. 
In the northeastern part of the peninsula there is a flat till plain with kames 

and " hatshaped hills" some of which are "ruins" from bigger fold structures : 
overridden synclines (cf. Berthelsen 1971, p. 66) . A highly undulating hilly 
landscape is found across the peninsula to its southern coast. Along this coast 
deposits of different ages and lithology are exposed, as seen on the photo 
taken by V. Milthers (R0rdam & Milthers 1900, plate II). The surface, too, 
exhibits a confusing mixture of sand, gravel, till and Tertiary plastic clay (fig. 
2). The features are traceable on aerial photographs (Berthelsen 1971, 
fig. 1 ). 

In order to explain these features, detailed tectonic and stratigraphic an­
alyses have been conducted (Petersen 1973, fig. 1). These results have been 
used to make a compound section (op. cit. fig. 2), recording the structure of 
one of the ridges found in this hilly part of the peninsula. In this way it is 
possible to evaluate the geology of the landscape in a more reliable way than 
would be the case where no application of glaciotectonics is attempted . 

D.G. U. arbog 1977 55 



Danm. geol. Unders. , Arbog J 977 

Fig. 2. The western part of the R0smes peninsula in which the dislocated sequences outcrop, seen 
from the south. Phot. K.S .P., 1968. 

Holmstrup : Since resource problematics have become a part of the geological 
mapping during the last decades, it would be natural to show with a third 
example how glaciotectonic analyses have been applied to exploration for 
constructional materials. 

The example is chosen from a clay pit at Holmstrup on Sjrelland (Petersen 
& Buch 1974, fig. 1), now exploited by A/S Leca. The first trench through 
the area showed a sequence composed of Tertiary clay (Upper Paleocene 
clay) - till - marine silt - till and stratified drift. The tectonic analyses de­
monstrated that the sequences are repeated northwards from the first exca­
vation, occurring at successively lower levels. According to the planes of 
stratification the sequence of beds belongs to different floes within an imbri­
cate structure (stereograms seen on fig . 1, op. cit. ). 
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The tectonic analyses indicated where further occurrences of the raw ma­
terial of interest should be found. Knowledge of the stratification and true 
thickness of strata permitted a quantitative estimation of the deposit. 

The southern part of Denmark: The last example illustrates how Weichselian 
ice advances can be deduced from glaciotectonic analyses. But first are given 
some introductory remarks on former approaches to till stratigraphical stu­
dies based on stone contents and geomorphological studies. 

In order to work out such correlations as were used in the Holmstrup clay 
pit, the stone count method, granulometrics and analysis of micro-macro­
faunal elements have been used. The stone count method in particular has 
proved to be useful in local correlation - which was the sphere of application 
when it was first introduced during the geological mapping of Hindsholm 
(Ussing & Madsen 1897). Later the stone count method was used for 
long-distance correlation and in the establishment of a regional till strati­
graphy (cf. Madsen 1928). The value of this approach, however, has been 
strongly questioned by Jessen (1930) and Marcussen (1973, 1974a). As a 
consequence of this criticism, Marcussen advocates a deglaciation trend dur­
ing which large amounts of material are deposited as flow till and outwash 
sediments (Marcussen 1977). It is therefore important , also for the use of 
glaciotectonic analyses, to distinguish between lodgement till and flow till in 
the field (Marcussen 1975). However, Marcussen (1975) discusses till fabric 
analyses and geotechnical indications together with the morphological 
features on the assumption that there is a certain connection between till 
genesis and morphology - "The morphological features seem to be the most 
general indications and they can be used with advantage to give a preliminary 
impression of the glacigene deposits in the landscape" (Marcussen 1975, p. 
122). From this author's point of view we are here back in the use of mor­
phology for mapping purposes, which may lead to the above-mentioned 
misinterpretations of the succession of events. 

Marcussen (1974b) , for instance, dedudes the sequence of events from 
Morphological studies and concludes "that most recent glacier in the south­
eastern part of Denmark has been moving from northeast to southwest di­
rectly towards the ice border lines which have been demonstrated further 
south" - in northern Germany? (this author's question mark and translation 
of the quotation). 

However, the regional picture of ice dislocations in many localities opposes 
this view. During the last decade several works have been published on 
glaciotectonics in different parts of southern Denmark. These are partly in 
the form of investigations carried out by students from the University of 
Copenhagen inspired by the concept of Kinetostratigraphic drift units 
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Fig. 3. Weichselian ice movements at selected localities, showing an older set of ice dislocations 
from the northeast and a younger from the Baltic. The depicted localities are considered to show 
Weichselian ice movements based on palaeontological evidence within the stratigraph ical sequ­
ence on each locality. References are as follows: 1) Berthelsen 1974. 2) Berthelsen, Konradi & 
Petersen 1977. 3) Frederiksen 1976; Jessen 1930. 4) Houmark-Nielsen 1976. 5) Jacobsen 1975. 
6) Jensen 1977. 7) Petersen 1973 . 8) Petersen 1974. 9) Petersen & Buch 1974. 10) Petersen & 
Konradi 1974. l 1) Rasmussen 1973. 12) Rasmussen 1975 . 13) Sj0rring 1973. 14) Sj0rring 
1977. 15) Thamdrup 1970. 16) Madsen , Nordmann & Hartz 1908 ; Madsen 1916. 

(Berthelsen 1973 ). Some of these works are presented (fig. 3 ), but only as far 
as they elucidate Weichselian ice movements also on the basis of palaeonto­
logical evidence. The ice dislocations indicate movement of ice from the 
Baltic more recently than the postulated last glacier advance from the north­
east (Marcussen 197 4b ). Furthermore the use of Kinetostratigraphic units 
allows a long-distance correlation which is independent of matrix changes in 
the till. 

Aspects of the application of glaciotectonic analyses 

The discussion of the ice-pressure model has tempted workers from many 
fields of natural science to collaborate and has inspired the study of recent 
glacier environments. The glaciotectonic analysis has proved to be useful in 
the field both for mapping and exploration purposes. The compilation of data 
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on ice movements may lead to a better understanding of the succession of ice 
advances during the Pleistocene. Therefore glaciotectonic studies present a 
most promising aspect in future geological mapping. 

Dansk sammendrag 

I artiklen behandles sp0rgsmalet om anvendelse af glacialtektoniske analyser i den geologiske 
kort lregning af Danmark. 

Arsagen til dislocationerne i vore klinter har i dette arhundrede vreret genstand for en heftig 
debat. Debatten indledtes ved et foredrag af Johnstrup i Christiania 1868, idet det her blev 
fremhrevet : »at forskjellige Iagttagelser, nrermest hentede fra Brunkulformationens ofte meget 
forstyrrede Leiringsforhold, gj0re det i h0i Grad sandsynligt, at disse Forstyrrelser ikke kunne 
skyldes plutoniske Hrevninger (som var Forchhammers anskuelse K.S .P.), men at de snarere 
tyde paa at staae i den n0ieste Forbindelse med hele Glacialphrenomenet.« Yed dette opstilledes 
en ny hypothese, der i modsretning til Forchhammers indebar, at en gletscheris havde udbredt sig 
fra det skandinaviske omrade. Diskussionen, som i dette arhundrede fortes mellem danske 
geologer som Madsen, A. Jessen, V. Nordman, V. Hintze og Helge Gry, henvises der til i 
artiklen. 

De senere ars udvidede kendskab til prrekvartrerets udbredelse og struktur g0r det lettere at 
afveje, om man star over for de omdiskuterede neotektoniske (dvs. tektonisk forstyrrelse forar­
saget af indre krrefter i unge dannelser) eller glacialtektoniske forhold. Fra tre omrader pa 
Sjrelland gives fra litteraturen eksempler pa den glacialtektoniske analyses anvendelse inden for 
den geologiske kartering samt i efters0gningen af rastoffer. Sluttelig diskuteres Weichsel-is­
fremst0d ud fra de mange glacialtektoniske arbejder, der i de sidste ar er fremkommet fra det 
syddanske omrade. 

Pa grundlag af disse unders0gelser konkluderes, at den glacialtektoniske analyse med fordel 
ma kunne anvendes i den geologiske kortlregning af landet. 
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