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Editorial

The priority program “Geomorphological Mapping
in the Federal Republic of Germany” financed by
the Deutsche Forschungsgemeinschaft (Bonn) was
started in 1976 (BARSCH & LIEDTKE 1980).
Now, ten years later, it will be closed, as soon as
the last examples of the 26 geomorphological maps
1 : 25 000 (GMK 25) and the last ones of the 8 ex-
amples in the scale 1 : 100 000 are published. The
enclosed index (BARSCH, this volume, Fig. 1) pro-
vides the situation of these examples of geomorpho-
logical maps in the Federal Republic of Germany.
In addition a number of reports have been published
or are in preparation which shall inform the ”Scien-
tific Community” of the results of this program.

The ”"GMK priority program” was founded to achieve
some progress in geomorphological mapping of the
relief of Central Europe. It was the aim to develop a
legend and a method for the display of the most
important data and information for the understan-
ding of the geomorphic situation of an area for
geomorphologists and for students interested in this
field. The GMK 25 and the GMK 100 are, thus, a
necessary addition to other geoscientific maps like
the geological or pedological ones.

It is hoped that the impetus developed will carry on
geomorphological mapping of this type (cf. maps
of the GMK Type from other regions - MAUS-
BACHER 1981 or GMK-Beitrige VI). It is also
hoped that new regional geomorphological research
in the Federal Republic of Germany has been stimu-
lated and that the use of geomorphic data and in-
formation will be increased in other geosciences and
in planning. Also new developments have been
created. One of these new lines is the definition
of a digitised geomorphological base map in the
sense of an areal related geomorphological infor-
mation system. This work will be carried out in a
new priority program of the Deutsche Forschungs-
gemeinschaft on digitised geoscientific maps. The

contribution to this program was only possible, be-
cause a part of the necessary normation was done in
the GMK priority program.

During the time of the preparation of the GMK
priority program as well as during the last 10 years
we found a lot of support by the international
scientific community. As a small thank this report
shall inform our colleagues about some aspects and
some results of the GMK priority project in English.

The GMK 25 will be explained as well in its inter-
national context as by a special example from the
nothern Alps. The experience made during the map-
ping of the GMK 100 will be discussed in relation
to the first sheet of this series. Regarding the use
of the GMK two different examples will be dis-
played: one is related to the possible advantage of
the GMK 25 for other geomorphologists; the other
one demonstrates an application for modern environ-
ment protection. As a contribution to international
communication the legend of the GMK 25 will be
given in an annex in German, English, French, Spa-
nish and Russian.
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Incorporation of the GMK 25 BRD in the international
development of geomorphological maps

HARTMUT LESER

A b s tract: The "MeBtischblatt Stadtremda”
(plane survey sheet Stadtremda) by S. PASSARGE is
the beginning of the modern geomorphological
cartography. Since the numerous methods of mapp-
ing have been developed refined geomorphological
maps on a large scale have been worked out concern-
ing contents and form but the basic principles have
not been changed. Geomorphogenitcally orientated
maps were to the fore, but they led away from the
outlines of S. PASSARGE. Thus the application of
geomorphological maps sank into oblivition. Only the
method of H. KUGLER and the ITC-System set up
the new modern geomorphological map.

The main features of the modern geomorphological
maps, which are aspired to, are: large scale, quantity,
easy applicability. This requires a brick system for
the legend and various information layers for the
map. The GMK 25 BRD (= Geomorphological Map
1:25 000 of the Federal Republic of Germany)
follows these principles.

Stellung der GMK 25 der Bundesrepublik Deutsch-
land innerhalb der internationalen Entwicklung
geomorphologischer Karten

Kurzfassun g: Die moderne geomorpholo-
gische Kartographie beginnt mit dem ,,MeRtischblatt
Stadtremda” von S. PASSARGE. Seitdem wurden
zahlreiche Kartierungsmethoden entwickelt. Sie ver-
feinerten Inhalt und Form geomorphologischer
Karten groBen Mafistabs, aber sie inderten nichts am
Grundprinzip. Die geomorphogenetisch gewichteten
Kartierungssysteme standen dabei im Vordergrund.
Sie fithrten aber von den Prinzipien S. PASSARGE;s
weg. Damit geriet auch die Anwendung geomorpho-
logischer Karten aus dem Blickwinkel. Erst spiter
wurde durch die Methode von H. KUGLER und das
ITC-System die moderne geomorphologische Karte
neu begriindet.

Die Hauptmerkmale moderner geomorphologischer
Karten sollen sein: groSmaBstibig, quantitativ, an-

wendungsfreundlich. Das setzt fir die Legende ein
Baukastensystem und fiir die Karte verschiedene In-
formationsschichten voraus. Die GMK 25 BRD
(= Geomorphologische Karte 1:25 000 der Bundes-
republik Deutschland) befolgt diese Prinzipien.

La carte géomorphologique de la République Fédé-
rale d’Allemagne au 1:25 000 dans le cadre inter-
nationale du developpement de la cartographie
géomorphologique

R é s u m é: La cartographie géomorphologique
moderne commence avec le “MeBtischblatt Stadt-
remda” de S. PASSARGE. Depuis, de nombreuses
méthodes ont été élaborées. Elles ont abouti au
raffinement du fond et de la forme des cartes géo-
morphologiques & grande échelle, mais elles n’ont rien
changé au principe. Les cartes mettant I’accent sur la
géomorphogenése étaient au premier plan, mais elles
s’écartaient des principes de S. PASSARGE, ce qui a
entrainé une certaine indifférence pour les cartes
géomorphologiques. Plus tard, la méthode H. KUG-
LER et le systéme ITC ont recréé la carte géomorpho-
logique moderne.

Elle doit étre a la fois & grande échelle quantitative,
ainsi qu’applicable & des buts pratiques. Ceci de-
mande un systéme d’assemblage par éléments pour
les informations de la carte. La GMK 25 BRD (= Carte
géomorphologique 1:25 000 de la République Fédé-
rale d’Allemagne) est établie selon ces principes.

Contens:

1.  Development of geomorphological cartogra-
phy since 1900

Historical development

Aims of the geomorphological maps at large
scales and their changes in time

2.  Outlines and main features of the GMK 25
BRD in comparison with other mapping systems
Problems of scale and interpretation feasibilities

1.1
1.2

2.1



2.2 Emphasis of statements of the various geomor-
phological mapping systems

3. Position of the GMK 25 BRD in the internatio-
nal framework with a view to interpretation

and application
4. Position of the cartographic presentation of the
GMK 25 BRD in the international framework
5. References

1. Development of the geomorphological cartography since 1900

A short summary will show that “’real” geomorpholo-
gical maps were designed soon after the year 1900.
The author deliberately presents only a selection
of examples and does not aspire to any completeness.
For this purpose a lot of references to books and
papers are made in this paper.

1.1 Historical development

The MeBtischblatt Stadtremda” (plane survey sheet
Stadtremda) by PASSARGE (1914) was an early
landmark in the history of the geomorphological
mapping. This geomorpholgical map 1:25 000 presen-
ted geomorphological and geomorphodynamic facts
by means of a multiple sheet system. Compared with
PASSARGE all other attempts did not show any
methodical progress until in the middle of the four-
ties.

It was only after some decades that various Swiss
geomorphological maps induced new impulses. Their
principles are presented by ANNAHEIM (1956). The
geomorphological signs were classified into erosion
processes and accumulation processes - a procedure
which enlarged the manner of representation. But this
method had no regard to the polygenesis of the relief
forms. In particular Polish mapping methods stimula-
ted the development of the geomorphological map-
ping in the socialistic countries. A summary of all
these signs can be found in the paper of KLIMA-
SZEWSKI (1963). Until then these geomorphological
maps had several information' layers and the soil
material was considered to be more and more impor-
tant. At the same time a method was designed which
was used by TRICART (1959) and his assistants for
practical purposes in developing countries. TRICART
et al. (1972) discusses the variety of the geomorpho-
logical mapping systems in his book ”cartographie
géomorphologique”. Nevertheless other western-
' This is discussed extensively in LESER (1967) where
the further development is shown, too. A scientific-

historical summary can be found in SPIRIDONOW
(1956, 1975) and TRICART et al. (1972).
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European countries developed their own systems.
The Belgian mapping system (GULLENTOPS 1964)
and the ITC system (Delft resp. Enschede Nether-
lands) are based on PASSARGEs mapping system.
The ITC system was presented by VERSTAPPEN &
VAN ZUIDAM (1968). Besides a second mapping
system was designed for Dutch purposes, which
emphasized the genesis of the soil material and
combined it with a geomorphographic representation
of the relief (TEN CATE & MAARLEVELD 1977).

Two special systems have to be mentioned, too: The
“commission for geomorphological survey and
mapping” of the IGU developed a combined repre-
sentation system for complex geomorphological maps
at the scales.1: 25 000 and 1:50 000 (BASHENINA
et al. 1968). But this method had no international
success. Another system was developed by KUGLER
(1964, 1965). This method is based on a brick-system
which is its most important feature, and which allows
numerous ways of interpretation of the different
information layers. Besides this legend can be used
for different scales (KUGLER 1968,1974).

1.2 Aims of geomorphological maps at large scales
and their changes in time

For a long time the main interest has been a geo-
morphogenetical one. Nevertheless an interesting al-
teration of the contents of geomorphological maps at
large scales took place. Although the geomorphogra-
phic relief signs have not changed for decades - they
only varied the same sign complexe again and again -
a more and more quantitative representation of the
geomorphological forms had been aspired. This is
shown especially by Belgian, Dutch and German maps
(VANMAERCKE-GOTTIGNY 1967, DE LANGE &
TEN CATE 1980, KUGLER 1964, 1974). Besides
these maps represent the soil-material in a very
differentiated way. Respecting contents as well as
graphical representation the Belgian and the German
maps separate clearly the different information layers
which facilitates the interpretation of these maps for



practical purposes. But some French maps, too, show
a differentiated representation of the soil material.

The geomorphogenetic contents have changed most
within the years. Only a few mapping methods
represent the geomorphogenesis on a separated sheet
(KUGLER 1965, VERSTAPPEN 1970). Most map-
ping systems, however, combine the representation of
the geomorphogenesis with various information
layers. But this integration makes the interpretation
and application of geomorphological maps. more
difficult, in particular for all non-geomorphologists.
Moreover there are also mapping systems which
consider the geomorphogenesis to be the most
important subject of a geomorphological map. The
’periglacial-geomorphological maps” (POSER 1953

ff.) are an example for this kind of geomorphological
mapping systems. It is obvious that the integration of
the geomorphogenesis was always a problem - re-
specting contents as well as its presentation - which
has not been satisfactory solved yet.

To sum up: The aim of most of the geomorphological
mapping systems was a complexe geomorphological
map. Its contents became more and more diffe-
rentiated, but the interpretation and the application
of these méps were not simplified. All mapping
systems which represent - in an isolated or com-
bined manner - geomorphological partial subjects
were laid by. Today the complex geomorphological
map on a large scale is considered to be the final
product of this alteration process.

2. Outlines and main features of the GMK 25 BRD? in comparison with
other mapping systems '

Outlines and characteristic features of the GMK 25
BRD (LESER & STABLEIN 1975, 1980) are presen-
ted in another paper in this volume. In this paper the
outlines of the GMK 25 BRD shall be compared with
other mapping systems, especially with older ones, on
which the GMK 25 BRD is based. Their geomorpho-
graphic basic features follows the example of KUG-
LER (1964, 1965, 1974). The geomorphogenetic
situations refer to the principles of the French system
(TRICART 1972) and the IGU system (BASHENINA
et al. 1968). The representation of the soil material is
based on the method of KUGLER (1964) which is

also used - partly modified, partly in its original form -

on several, but not on all French maps. The various
mapping systems have been compared one with
another for several times (GILEWSKA 1967, VAN
DORSSER & SALOME 1973, 1974, SALOME &
VAN DORSSER 1982). This comparisons showed
that a revival of contents and formalities is possible
and necessary even on the complex geomorphological
maps on large scales.

The inventory of the geomorphological mapping in
the Federal Republic of Germany (LESER 1968,
1974) showed that there is - compared with the
international development - a backlog demand. But
the numerous geomorphological maps which have
been edited in the Federal Republic of Germany
until the beginning of the seventies did not follow
the international discussion and their resulting
outlines. Several predecessors of the GMK 25 BRD
made attempts to eliminate these deficits (GOBEL
1978 a, b, LESER 1975, 1983, WERNER 1977), but

it had not any success until the GMK 25 BRD was
created by means of the DFG-priority-programme
(BARSCH 1976, LESER 1976).

2.1 Problems of scale and interpretation feasibilities

The scale 1:25 000 of the GMK 25 BRD is one of the
most frequently used scales of the German geoscien-
tific maps (BK 25, GK 25°). This scale depends on
the one of the traditional plane survey sheets (TK
25%) which are available for the whole country.
An international comparison of geomorphological
maps shows, that the scales 1:25 000 and 1:50 000
are generally used. This is caused by the basic-maps
which are available as well as by aim and purpose
of these maps. The authors of these maps at both
scales 1:25 000 and 1:50 000 emphasize the large
application field. But this mentioned application
is only possible within certain scientific scopes
and only with certain information layers (see 2.2
and 3.). This problem was discussed by KUGLER
(1965), LESER (1980) and BARSCH & MAUSBA-
CHER (1979). Concerning special geomorphological
2 GMK 25 BRD = Geomorphologische Karte 1 : 25 000
der Bundesrepublik Deutschland (= Geomorphological
Map 1 : 25 000 of the Federal Republic of Germany).

* BK 25 = Bodenkundliche Karte 1 : 25 000 (= Pedolo-
gical Map 1 : 25 000); GK 25 = Geologische Karte 1 : 25
000 (=Geological Map 1 : 25 000).

TK 25 = Topographische Karte 1 : 25 000 (=Topogra-
phical Map 1 : 25 000).
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purposes the scales 1:25 000 and 1:50 000 are
satisfactory ones.

Another problem of the relatively large scale 1:25
000 is the problem of generalisation. VERSTAP-
PEN (1970) showed how to generalize the ITC
system. KUGLER (1968) proved that this mapping
system was transferable into other smaller scales. To
enable this generalisation he developed suitable
principles adapted to his system. - Although no
attempt to generalize the GMK 25 BRD has been
made this would be possible thanks to the strict
organization of the system into single information
layers. The GMK 100 (FRANZLE et al. 1979) which
is in preparation goes in this direction. Nevertheless
the practical experiences proved that the “Griine
Legende” (LESER & STABLEIN 1975, 1980) can
also be used without any big problems for mapping
on larger scales, e.g. 1:5000 and 1:10 000. Thanks
to the brick-system situation which cannot be gene-
ralized can be given up for the generalization process
without causing problems of contents. Besides a
generalization may emphasize and clarify certain
contents for special purposes.

2.2 Emphasis of content and problems of represen-
tation

The GMK 25 BRD is a complex geomorphological
map. Its aim is the comprehensive representation of
the georelief and its various marginal conditions, e.g.
hydrology or soil material. As a result of the aims
of the GMK 25 BRD which is a complete geomor-
phographic characterisation of the georelief (singular
landforms, slope angles, roughness, elements of the
relief), the geomorphological map shows plenty of
geomorphographic informations. They are arranged
visually in spatial patterns which explain themselves
or whose singular contents elements are identifiable
or explainable by the arrangement of signs and forms.
Such a rich geomorphographic information layer can
only be found on the maps of KUGLER (1964, 1965,
1968, 1974) resp. on the precursors of the GMK 25
BRD (GOBEL 1978 a, b, LESER 1975, WERNER
1977). The Belgian geomorphological maps which
offer rich geomorphographic informations distinguish
themselves - compared with the GMK 25 BRD - by a
clearer cartographic representation which is the result
of another kind of depiction of the slope angles.
The slope angles are shown on the GMK 25 BRD by
means of a spatial raster, a method which proves to
burden the sheets of the GMK 25 BRD. Another
solutuion of the problem of the representation of the
slope angles must be found in the future. KUGLER
solved this problem by means of a multiple sheet
system® which should be favoured henceforth be-
cause of the better interpretation feasibilities for
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practical purpose.. All other mapping systems which
are single sheet systems, as it is the GMK 25 BRD,
too, dispense with the spatial representation of the
slope angles. Besides the information layer ”géomor-
phography” of plenty of these maps is very poor
which is an unsatisfactory solution from the scientific
as well as from the practical point of view.

A second emphasis of content is the presentation of
the geomorphogenetic situation which follows the
examples of various predecessors (IGU system,
system TRICART et al.) and favours the colour. Thus
the contents of the map gets a certain classification
and structure. The GMK 25 BRD is intended to be a
manual map. Thanks to the coloured areas it has a
distant effect and gives the impression of being clear-
ly arranged. Indeed there is only an indirect con-
nection between the coloured, mostly bigger areas
of processes and the other information layers which
show a better differentiation of the contents than
the coloured process-areas.

In its outward appearance the GMK 25 BRD resem-
bles various other mapping systems. Nevertheless
there are some differencies: it is highly differentiated
and shows a rich abundance of non-geomorphgenetic
contents. Thus it seems to be an obvious conclusi-
on that the colour is the best mean to represent
clearly this wealth of contents. This does not fit
because the outlines of this mapping system are ba-
sed on the traditional ideas of German geomorphlogy
which is mainly interested in the geomorphogenetic
processes and situation. As it is known the geo-
morphogenetic contents of the geomorphological
maps are claims of geomorphological theories which
are presented graphically. Therefore a relatively un-
certain element would be emphasized in an unjusti-
fied manner. This is also valid for other mapping
systems, e.g. the various versions of the system of
TRICART or the geomorphological representation
systems of socialistic countries. This visual overesti-
mation of the geomorphogenesis can only be avoided
(on the GMK 25 BRD as well as on the maps of other
national systems) provided that a multiple sheet
system is aspired to, as it is realised by the ITC
system (VERSTAPPEN 1970) or the system of
KUGLER (1965). Some practical hints can also be
found in PASSARGE (1914).

2.3 Emphasis of statements of the various geo-
morphological mapping systems

All mentioned mapping systems concentrate on cer-
tain statements. It is obvious that they can be repre-

5 On the KUGLER-maps the areas of slope angles are re-
presented spatially by colours.



sented easier if the map is designed as a multiple sheet
system. The most consistent systems are those of
KUGLER (1964, 1965, 1968, 1974) and the ITC
system (VERSTAPPEN 1970, VERSTAPPEN & VAN
ZUIDAM 1968). Therefore these methods do not
show any essential graphic overlaps of their contents.
Besides the interpretations for practical purposes are
made easier.

Most of the mentioned mapping systems are particu-
larly interested in the geomorphogenetic situation
though it is not always expressed graphically. All
these mapping systems claim to supply data which
can be used for practical purposes. A claim which
is only partly accomplished (see 3.). To stand out
from these mapping systems was one of the aims of
the GMK 25 BRD. Concerning the contents the GMK
25 BRD is surely successful in delivering statements
which are practically applicable, as far as it is possible
within the scale 1:25 000.® Concerning the graphical
presentation {for technical aspects see 4.) the GMK
25 BRD is only partly successful. The reason for this
is the use of the colour to represent the geomorpho-
genetic situation. As a result of this the numerous
geomorphographic and current geomorphodynamic

facts of the other information layers do not find clear
expressions.

Compared with the complex geomorphological maps
(type IGU-system, type method TRICART or type
GMK 50 NL7) the GMK 25 BRD, however, repre-
sents clearly and in a more differentiated way the
proper subject of geomorphological maps: the geo-
relief, represented by its soil material. This is also
proved by a comparison between the sheets of the
GMK 25 BRD and the map extracts which was made
by GILEWSKA (1967), VAN DORSSER & SALO-
ME (1973, 1974) and SALOME, VAN DORSSER &
RIEFF (1982). Provided that the GMK 25 BRD were
designed as a multiple sheet system it could outdo the
contents of the ITC maps and catch up with the maps
of KUGLER.

To sum up: there are no ideal outlines for a com-
plex GMK 25 at a large scale. All mapping systems
of complex geomorphological maps must make
concessions to the differentiation of its contents or to
their representation. It is obvious that the repre-
sentation problems of complex geomorphological
maps at large scales can only be avoided if a multiple
sheet system is aspired to.

3. Position of the GMK 25 BRD in the international framework with a view to
interpretation and application

Almost all authors of maps emphasize the good appli-
cation feasibility of their mapping system. Indeed
especially the system TRICART and the ITC system
very often found practical applications. This is
partly true, too, for numerous unpublished geomor-
phological maps at large scales of socialistic coun-
tries. But this application of geomorphological maps
took place under special circumstances, that means
because pedological and geological maps were not
available or because special informations were re-
quired. Complex geomorphological maps were only
used, in some exceptions, to solve geoecological or
planning problems.

The GMK 25 BRD and its outlines are neither better
nor worse applicable than other geomorphological

6 This was discussed by LESER (1980).
GMK 50 NL = Geomorphologische Karte 1 : 50 000 der

Niederlande (= Geomorphological Map 1 : 50 000 of the
Netherlands).

maps. It has similar or the same contents and the
same scale. Thus the problems of practical applica-
tions are the same. It is clear that the reasons for
these problems are not only contents and forms
of geomorphological maps, but many of these pro-
blems are caused by the persons who use them. The
difficulties are a result of a geoscientific minimal
knowledge of many practicians. That is why not only
geomorphological maps but also other geoscientific
maps have the same difficulties of application.

The GMK 25 BRD was only designed after the
development of numerous other mapping systems of
which already some maps existed. Thus the GMK 25
BRD had everything to gain regarding to the ex-
periences of other maps on the fields of design,
cartography and application. Two important conse-
quences resulted from the experiences: 1. the con-
sistent use of the brick-system to represent forms and
2. the strict separation of the different information
layers of the GMK 25 BRD. To make application and
interpretation easier geomorphologische Auszugskar-
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ten (geomorphological derivative maps = cartes
géomorphologiques dérivées) can be made. These are
the technical singular prints of the various informa-
tion layers. They are producable as single or com-
bined sheets out of the existing printing plates. That
is one of the principal differences between GMK 25
BRD and the other geomorphological maps at the
same scale of which such separated prints are not
available because of technical and methodical reasons.
Besides the realtively poor contents of those maps
would made visible. Only the method of KUGLER is
an exception which provides the same method and

which shows a similar or the same amount of details
as the GMK 25 BRD does.

The Auswertungskarten (Sinterpretation maps = car-
tes d’interprétation) must be mentioned, too. It is
a new thematical map which was developed on the
basis of the complex GMK 25. Nevertheless there is a
second difference between the GMK 25 BRD and the
other geomorphological maps of the same scale. The
contents of the GMK 25 BRD can be interpreted in a
wider and more differentiated way than the other
geomorphological maps whose contents are poorer.

4. Position of the cartographic presentation of the GMK 25 BRD in the
international framework

The development of geomorphological maps at large
scales took place (see 1.) in the course of eight
decades. In this epoch the technology of production
and printing of maps was modified, a change of which
the representation of geomorphological maps at large
scale could profit. Despite the multiple sheet system
the maps of PASSARGE (1914) seem to be very
simple. The French maps show very often a rough
drawing and too much graphic details which are hard
to read. Even the maps of KUGLER show sometimes
coarse features, because it is obvious that printing
technology and paper quality limited the printing
quality. From the printing and graphic point of view
very good maps are the Belgian ones (FOURNEAU
1966, VANMAERCKE-GOTTIGNY 1967) and the
Dutch ones (DE LANGE & TEN CATE 1980).
Especially the GMK 50 NL brought new high stan-
dards with its highly differentiated contents, the large
size and the perfect polychromy, standards which the
other maps of other countries could not achieve.
Besides the GMK 50 NL is a series of maps which is
published successively and its aim was to achieve a
high technical standard from the very beginning.
Many geomorphological maps of other countries are
only represented by singular sheets which often show
cartographical trial printings. It is a pity that the geo-
morphological maps 1:25 000 and 1:50 000 of se-
veral socialistic countries have not been published
yet, that is why we cannot compare them with the
GMK 25 BRD. France, too, published GMK 25 F®
(CNRS 1976 ff., only one sheet published) and two
GMK 50 F° (ANG 1969 ff., three sheets published
concerning the Normandy only; CNRS 1972 ff., ten
sheets published), but their technical production is
similar to the other geomorphological maps.
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The two real predecessors of the GMK 25 BRD
(GOBEL 1978 a, b, WERNER 1977) brought the first
new cartographic standards. The TK 25 BRD served
as a basis on which the contents of the GMK 25 were
projected. This was a first elimination of the partly
very bad topographic basis of a lot of geomorphologi-
cal maps whose geomorphological contents could not
be interpreted because of a lacking topographic basis.
The polychromy was used further on as well as the
clearly drawn geomorphology signs. Thus it was
possible to unite numerous contents on one map
without overloading it graphically.

It was obvious that the GMK 25 BRD had to achieve
those high standards of geoscientific map produc-
tion represented - for many decades - by the BK
25 BRD and the GK 25 BRD. Both predecessors of
the GMK 25 BRD showed that the geomorphological
map was much richer than the BK 25 and GK 25 and
could achieve a pretty high graphic standard and a
high esthetical level. That required a professional map
production. The only institution which met these
most exating demands was the Institut fiir Ange-
wandte Geodisie in Berlin (= IFAG = Institut for
Applied Geodesy, Berlin) where drawing and printing
of the maps were done. The high cartographic and
typographic standard is called "GMK-Norm”. This

8 GMK 25 F = Geomorphologische Karte 1: 25 000 von
Frankreich (= Geomorphological Map 1 : 25 000 of
France =  Carte géomophologique 1 : 25 000 de la
France).

GMK 50 F = Geomorphologische Detailkarte 1 : 50 000
von Frankreich (= Detailed Geomorphological Map
1 : 50 000 of France = Carte géomorphologique détaillée
1 :50 000 de la France).



procedure implies that while drawing the clean field
map several working steps have to be adapted and the
drafts agree with the GMK-Norm. It turned out that
drawing, reproduction graphics and printing of the
maps are faciliated by splitting up the contents into
various separated information layers.

The comparison of the quality of printing and pro-
duction of the various geomorphological maps show
that the GMK-Norm of the GMK 25 BRD sets a new
level. Even those sheets of the GMK 25 BRD which
are very rich in contents are easy to read owing to the
neat drawing and the accurate printing of these maps.
Thus this high technical level improves the scien-
tific quality of these maps. All sheets of the GMK
25 BRD gain by high technical standard of cartogra-
phy and map printing. Nevertheless these technical
high levels are not their only mark of quality. The
scientific quality is also caused by the brick-sys-
tem and the outlines of the information layers which
enabled the production of geomorphological maps
which may also gain a good reputation outside Wes-
tern Germany. Besides the GMK 25 BRD completed

the geoscientific map family” of the BK 25 BRD
and the GK 25 BRD.

It is obvious that there are geomorphological maps
which satify esthetically more than the sheets of
the GMK 25 BRD, e.g. the map of the Lancer area,
Saskatchewan (SAINT-ONGE 1966). But this visual
effect may not be the only criterion of the quality of
a geomorphological map at large scale. Its aim is to
fulfill different purposes. That means not only es-
thetical ones but also scientific and practical pur-
poses. That is the reason why each geomorphological
map at a large scale is a compromise especially if
it is a one sheet system. Compared with the maps of
this mentioned system the GMK 25 BRD seems to be
the most favourable compromise, because its qualities
of contents are proven. Its contents are interpretable
directly or indirectly for geomorphological, geoscien-
tific and various practical purposes. Only a few other
geomorphological maps at the same scale have these
extensive feasibilities of interpretation, too, which are
caused by the high level of scientific and cartographic
treatment of these sheets.
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The “Kénigssee” sheet of the 1 : 25 000 geomorphological
mapping (GMK 25) of the Federal Republic of Germany

with 1 figure and 1 map as supplement

KLAUS FISCHER

Abstract: The Kdnigssee” map sheet coversa
section of the Northern Limestone High Alps. The
present large-scale morphological features of the
area’s high alpine topography are determined by
petrographic and tectonic characteristics, as well
as influences of a fossil relief. High alpine features
and the prevailing of limestones dominate the pre-
sent-day morphological processes of all scales, above
all those of gravitational and corrosive nature.

Das Blatt Kénigssee der Geomorphologischen Karte
1 : 25 000 (GMK 25) der Bundesrepublik Deutsch-
land .

Kurzfassung: DasBlatt Kénigssee umfat
einen Ausschnitt aus den né&rdlichen Kalkhochalpen.
Die Grofiformen des heutigen Hochgebirges im
Blattgebiet sind in ihrer Anlage auf den Gesteinsbe-
stand, die Tektonik und auf vorzeitliche Reliefeinfliis-

Contents

1. Genetal geomorphological characteristics and
geological outline of the area

2. The influence of tectonics and petrological
characteristics on landforms and their shaping

se zuriickzufithren. Hochgebirgsformen und die unter
den Gesteinen dominierenden Kalke bestimmen das
aktuelle ProzeBgeschehen und die Kleinformenbil-
dung, nimlich gravitative und korrosive Vorginge.

La feuille "Kénigssee” de la carte géomorpholo-
gique 1 : 25 000 (GMK 25) de la République Fédé-
rale d’Allemagne

R é s u m é: La feuille Konigssee représente une
région située dans la partie septentrionale des hautes
Alpes calcaires. La pétrographie, la tectonique et
linfluence du relief pré-glaciaire sont déterminants
pour la morphologie générale actuelle de la montagne.
Les roches calcaires dominantes et les formes de
haute montagne induisent I’évolution morphologique
actuelle et le modelé de détail, notamment les pro-
cessus gravitationels et de corrosion.

3. The influence of a fossil relief and the shaping
of the landscape

4. Factors relevant to recent geomorphological

processes

References
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1. General geomorphological characteristics and geological outline of the area

Situated in the very southeastern corner of the
Federal Republic of Germany, the ”Ké&nigssee” sheet
of the GMK 25 covers a part of the Northern Lime-
stone Alps. It is in this area that the two basic types
of mountain relief characteristic of the Northern
Limestone Alps meet - i.e. the chain type on the one,

the plateau type on the other hand. West of the area
covered, we find the chain type predominant in the
groups of the Wilder Kaiser, the Karwendel, the

I am grateful to Mr. Thomas Schneider of my staff for trans-
lating this article.
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Wetterstein, the Mieming, as well as the Lechtal and
Allgiu mountains; these are characterized by sharp
ridges and arétes and sometimes deeply-incised
notches.

The individual groups are separated by longitudinal
valleys which follow deformed synclines or less
resistant strata. With the Berchtesgaden Alps, around
the Konigssee lake in their centre, and from there
on eastward, it is the second type which becomes
predominant - mountains flanked by steep and high
cliffs uniformly rising up from the valleys, their
high regions having a plateau-like shape. This applies
to the groups of the Hagengebirge, the Tennenge-
birge, the Dachstein, the Totes Gebirge, as well as
others further east.

It must be noted that the term ’plateau’, in this
context, is not to be understood in the sense of an
actual plain; it can rather be described as a topo-
graphy of moderately convex, or hilly forms which
sharply contrast with the steep drop down to the
surrounding valleys.

Thus, this “’stock” type of mountains has some re-
semblance to a molar tooth. These differences in
geomorphological shape are caused by different
geological structures. In that part of the Limestone
High Alps where the chain type is predominant, the
relief is determined, in most places, by intensive fol-
ding with steeply tilted strata of varying dip, caused
by the overthrust, piling-up and intertwining of
nappes of sedimentary rock (mainly limestones
and dolomites). On the other hand the plateau type
is dependent on horizontal or only slightly inclined
thick strata of limestone, which were also moved
in nappes, but only horizontally, and without under-
going appreciable folding. However, after reaching

the position in which they are now they were subject
to faulting as a consequence of differentiated vertical
tectonic movements resulting in faults with a steep to
vertical dip. Later these limestones underwent in-
tensive karstification.

On the Konigssee sheet, the Hochkalter and the
Watzmann group represent the chain type of moun-
tains. Their shape is caused by the fact that parti-
cularly high uplifting affected both of these groups
and, above all, by the marked dip of the sedimentary
strata towards the North and Northeast (exceeding
30° in most places). In contrast to that, the groups
of the Seehorn and Hundstod, the Simetsberg with
the area east of it, and, east of the Ké&nigssee, the
Gotzen area, show the southern part of the map
sheet to be constituted of the plateau type. This
part is mainly built up by finely fissured dolomites
(”Ramsaudolomit” and Carnian-Norian dolomite),
forming the base and, overlying the former, hori-
zontal to slightly dipping strata of extraordinarily
pure limestone (’Dachsteinkalk”). This accounts
for the development of impressive karst phenomena
in connection with an almost complete lack of sur-
face drainage. Thus, stratigraphic and petrographic
characteristics have played a decisive role in shaping
this landscape to its present form. Valley density
is very low in the regions of the great karst stocks.
Yet there are, as typical features, a few transverse
valleys which reach back quite a long way into the
karst stocks and end in a kind of dead-end, such as
the depression of the Konigssee and Obersee (the
dead-end lying east of the map border). Because
of their reaching back into the karst stocks they
are usually referred to as “Karstsacktiler” (dead-
end karst valleys), though originally they had very
little to do with karstification; it is rather the glacial
erosion of the Pleistocene which formed them into
troughs.

2. The influence of tectonics and petrological characteristics on landforms and their shaping

Tectonic lines and borders as well as the variety
of geological material, with all the rocks having a
specific resistance to weathering, are of great influ-
ence on the shaping of the landforms. Thus, the
Klausbach valley in the northwestern corner of the
sheet has developed exactly where the Tirolian unit
(or “nappe”), to which most of the map sheet be-
longs, dips north, bordering on the Reiteralm nappe.
Further examples are the descents of the Hochkalter
and Watzmann groups on their northern and north-
western side, which more or less follow the incli-
nation of the strata of this tectonic unit. The develop-
ment of step faults has rendered the situation even
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more complicated. An exceptionally fine example
for this is the course of the crest on the northern
side of the Hochkalter group, which from the Hoch-
kalter peak (2607 m) runs north to the Schirten-
wand, and from there to the Blaueisspitze (2481 m),
the trigonometrical point 2012 (northeast of the
Blaueisspitze; no altitude given on the map), the
Stanglahnerkopf, and the Kitzkartauern.

The Kesselbach ravine with the Kesselwand cliff
(E 4575, N 5270) indicate an important tectonic
fracture zone which is continued across the Kénigs-
see through the Eisgraben ravine, the Hocheis, and



the Banngraben as far as the upper Wimbachtal.
The latter also gives evidence of tectonic influences,
as it has developed exactly in the vertex of a big
anticline traversed by many minor fault lines. It is
also to be supposed that the forming of the K&-
nigssee trough was influenced by the presence of
fault lines. In any case, the course of the K&nigs-
see depression is continued towards the south by
the "Sagereck” fault line which separated the higher
block of the Simetsberg in the west (tectonically
lifted) from the lower block around the Sagereck
Alm, the Halsgrube, and the Schwarzensee in the
east; another uplifted block is again represented
by that of the Moosscheibe and Kuhscheibe further
east.

A more detailed discussion would show the whole
area to be criscrossed by a great number of additional
fault lines, the main direction of which is 0 to 40°,
and 90 to 120° As was already pointed out with
the Hochkalter, most of them are of considerable
geomorphological significance. The Wimbachtal valley
gives many striking examples for that; ravines and
recesses following fault lines occur as well on the
western side (Hochkalter group) as, continuing them,
on the eastern side (Watzmann group). One fault
running from the gap of the Hochalmscharte (Hoch-
kalter) to the Schiittalpschneid (Watzmann) shows a
throw of 500 meters; another example is the one
from the Schneelahnergraben (Hochkalter) to the
Hochgraben (Watzmann), and the gap of the Sitters-
bachscharte and the Mittergraben ravine also follow
a fault line. The large karst hollow around the Griin-
see has also developed as a consequence of a fault
zone of the afore-mentioned strike. Other faults
have resulted in the development of the “’Saugas-
se” depression where impressive slickensides can
still be seen, and in the abrupt drop between the
parts east and west of a line running between the
Mausalpeck and the trigonometrical point 1444
(south of the Eisgraben). Just as most gaps in the
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crests, most rockfall chutes and avalanche channels,
chimneys and joints in the cliffs occur as a conse-
quence of fault lines, the same applies to- Karstgas-
sen (“karst lanes” - straight and extremely widened
passages of great length), chains of dolines and shafts,
and the course of caves in karstified areas. All those
examples give evidence of the decisive impact of
structural characteristics on the present relief in our
area.

Besides those structural characteristics, it is the petro-
graphic factor which has a major influence on the
geomorphological features of the landscape on our
sheet (Fig. 1). Above all, there are two kinds of rock
which have to be mentioned - the ”Raumsaudolomit”
(Anisian-Ladinian) together with the dolomite of
Karnian-Norian age, and the “Dachsteinkalk* (Norian
limestone); together they can reach more than 2000 m
in thickness. The Dachsteinkalk is a very compact
and extraordinarily pure, light-grey to whitish species
of limestone, which may also show a yellowish or
reddish colour when weathering. As a rule it contains
few cataclastic structures, which is one of the reasons
why it tends to form high and steep cliffs as a con-
sequence of valley incision. In fact, all the high
cliffs on the map sheet have developed in Dachstein-
kalk, including the famous east drop of the Watz-
mann. They are all, with only a few exceptions,
characterized by distinct beds over many hundreds of
meters in height. This stratigraphic feature ist caused
by the development of so-called “Loferites”, (the
word is derived from the nearby "’Loferer Steinberge”
group), ie. an alternation between mighty strata of
limestones and breccias, or dolomitic layers of
stromatholite originating in densely-growing algae. As
the material shows very little jointing it possesses
great resistance to weathering. This also results in the
fact that, with the exception of only a few special
cases, only small debris cones can be found at the
foot of Dachsteinkalk cliffs. What’s more, geomor-
phological features, once formed, are preserved from
destruction for a long period. The latter can be

Fig. 1: Geological profile
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illustrated expecially well by the trough forms of the
Blaueistal, the Ofental, and the Steintal.

The exceptional purity of the limestone, together
with its horizontal to slightly tilted bedding, has
caused a karst relief of great variety to develop. A
significant feature of this relief, as indeed of large
parts of the “K&nigssee” sheet, is an almost com-
plete lack of surface water. Very little is known so
far about the karst hydrology of the Berchtesgaden
Alps . Anyway, it may be assumed that considerable
parts are tributary to the Kénigssee lake, which
reaches a sizeable 190 m in depth. Belonging to a
lower stratigraphic position, the dolomites (’Ramsau-
dolomit”, Karnian-Norian dolomite) form the base
underlying the limestone stocks. They rarely show
any bedding, and the whitish to gray material shows
excessive jointing, which makes it fissure and disinte-
grate through weathering or mechanical stress down
to particles of pebble size. Thus it yields great quanti-
ties of gravelly debris from the above-mentioned
pebble to cobble and boulder size, which has been
called ’Gries” from early days.

As a consequence of the enormous masses of debris
yielded by the weathering of the dolomites, those

areas show impressive examples of valley filling,
the largest one of the whole Bavarian Alps being
that in the Wimbachgries. Another example can
be found in the Hochwies. The mountain flanks
made up of dolomites are notched with numerous
branching rills and gullies, cliffs and walls are inter-
spersed with chimneys and chutes; the rock surface
is thus often reduced to scars, crags and pinnacles,
changing its aspect within comparatively short
periods. The continuous destruction is documented
by creviced towers, pillars, pinnacles and needles,
crenellating the ridges - a characteristic feature of
all the mountains enclosing the Inner Wimbachgries,
the sack-like extension of which towards the south
has been caused to a large extent by these processes.
Other kinds of rocks occupy only very limited
areas of the Konigssee sheet, and are therefore
of minor importance as to their geomorphological
relevance. The only ones worth noting are those of
Liassic and Dogger age. These easily strike the eye,
partly because of their reddish colours, and partly
because they weather into clayey residual material.
They are a bit more widespread in the Kitzkartauern
and the Roint area (Kiihroint, Herrenroint), as well
as around the Gotzenalm; reddish limestones of that
age have undergone intensive karstification in the
Griinsee and Schwarzensee area.

3. The influence of a fossil relief and the shaping of the landscape

The karstification of the limestone produced favor-
able conditions for the preservation of older forms
up to our days. It meant a general decrease of erosion
by an increasing protection of the surface against
fluvial influences. However, for the above-mentioned
reasons there are no traces of a fossil relief to be
found in the high regions of the chain type moun-
tains (Watzmann and Hochkalter group), which have
undergone especially marked uplifting; those traces
may not have been preserved, or perhaps there never
were any. Anyway, they do cover large areas in the
southern part of the map sheet, showing forms
which rather resemble a lower mountainous or even
hilly landscape, than a high mountainous relief.
Only a few individual summits, like the Grofer
Hundstod (2593 m) rise above this fossil relief
as veritable high alpine forms. The remains of a
fossil relief do not occur on one single level only,
but are distributed vertically over a range of several
hundred meters (from 1500 to 2300 m).

These discrepancies in altitude between such neigh-
bouring parts of a gentler relief have led to different
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conclusions as to their origin. It has been claimed on
the one side that they all originated in a single homo-
geneous landscape, thus being of the same age, and
were brought into their present position by a defor-
mation of this old landscape, or even its disintegra-
tion along faults (MACHATSCHEK 1922, LICHTEN-
ECKER 1938). However, this view has been contra-
dicted by others arguing that no correlation could be
established between the parts of relief in question and
their assumed delimitations, and the local geological
structures; at all events it would be fault scarps that
were developed. For example, the Scheibenwand
(in the southeast corner of the map) is interpreted
as such a fault scarp, continuing further south (out-
side the map sheet) with the Stuhlwand with heights
up to 400 m. Yet the differences of resistance bet-
ween the Red Liassic limestones and the adjoining
Dachsteinkalk in this part are not significant enough
to completely account for the heights of these walls.
So, on the other hand, a second interpretation is
based on the view that old landscapes of different
ages, which developed successively, were fitted into
one another, thus forming a series of piedmont steps.



According to this system the Schneiber ridge (about
2200 to 2390 m) would be an element of the oldest
landscape reconstructable. Below that, from the
Rotleitenschneid (2290 m) to the Hundstodgatterl
(2188 m), and on to the area around the “Ingol-
stidter Haus** refuge and south of the Kuhscheibe
(near the southern border of the map, between
E 4573 and 4574) would represent a landscape of
a lower level. Still lower would be the remains of a
third landscape - around the Trischiibel-Alm, around
the Seehorn in the "Platteret” area west of the
Ingolstidter Haus, around the Grenzkdpfe and
Schénbichl-Alm, at the Simetsberg, at the Moos-
scheibe, and around the Gotzen-Alm and the Klaus-
bergl east of the Kénigssee.

However, there does not seem to be enough evidence,
or necessity, for differentiating the present relief
of the higher regions into three such generations of
landscapes. So, for Example, LEIDLMAIR (1956)
proceeded to combine the two older and higher land-
scapes into one. In any case, a clear distinction
between these old landscapes is very difficult in
nature, expecially if the locally differentiated extent
of glacial erosion is to be taken into consideration.

Depressions and valleys, which are often stepped,
reach back from the north and west into the higher
regions and their old landscapes. The most important
ones among them are the DieBbachtal together with
the Hochwies in the southwest, the Wimbachtal,
and the depression of the Kénigssee which is con-
tinued along the Schrainbachtal and the Saugasse
to the Funtensee (outside the map sheet), and over
the area around the Sagereck-Alm to the Griinsee.
There are sections with markedly gentler gradients
along the flanks of these valleys - ledges and benches,
which can be connected, thus representing remnants
of different valley generations. So far, four valley
generations have been established in general con-
currence in the Berchtesgaden Alps, but a classifi-
cation of their respective age is yet uncertain. Any-
way, there are not enough remains of them within
the area covered by our map sheet to allow any con-
firmation, or correction, of such a classification.
However, there are well-preserved remains of a flat-
ter topography around the areas of the Kiihroint-
Alm, the Archenkopf and the Sommerbichl, as well
as, east of the Kd&nigssee, in the Biichsenkopf area
(N 5270 to 71), or around the Seeau-Alm. The
existence of stepped valley floors and benched valley
flanks in this area is generally regarded as the result
of an intermittent uplift; only few authors have inter-
preted these phenomena as caused by a climatic-
geomorphological change taking place between the
Upper Miocene and the Late Pliocene. The fossil
landscapes in the higher regions above 2000 m
are also put down to considerable uplift by most
authors.

This view is supported by the fact that a great num-
ber of big cave systems developed in the limestone
stocks show a repeated change of horizontal and
vertical passages, the latter covering up to several
hundred meters in height, which suggests significant
changes in the level of the corresponding drainage
system. However, a closer examination into these
problems has been lacking so far. On the whole,
the shaping of the relief between the Upper Miocene
and the Pre-Glacial led to an intensified emerging
of convex forms, to a general decrease in valley
width along with stronger valley incision, and, as
will be shown further down, to a growing relevance
of petrographic factors for the geomorphologic
development. Generally speaking, the sculptural relief
has gained in accentuation over this period.

During the Pleistocene this landscape was subject
to great glacial influences. Cirques developed on the
flanks of the higher elevations, like the GroBer
Hundstod or the Schneiber (east side), and the valley
heads were changed into cirques. This is especially
conspicuous in the model forms of the Hochkalter
group. In the Watzmann group, the Watzmannkar
and the Watzmanngrube, as well as the entire catch-
ment area of the Eiskapelle, comprising also the
Watzmann east flank, can be called a "GroBkar”
(large cirque), as a veritable floor, or a cirque
threshold, are lacking in all of them, or have been
covered by debris. Slopes were steepened into walls,
and the fossil landscapes were modified to form
expansive areas of “Rundbuckel” (nobs, roches
moutonées) or “Schichttreppenkarst” (karstified
stepped outcrops of horizontal limestone strata).
The same applies to the extreme southern part of
the map sheet, which was covered by the Steinernes
Meer plateau glacier; here, the relief was by no means
preserved by the ice cover, but rather eroded con-
siderably. This is proved by numerous remains of
caves produced by glacial erosion, namely topping
from above or lateral cutting. This is quite obvious
if one bears in mind the thickness of the ice cover
reaching up to 350 m, which can be deduced from
traces of glacial scouring along the valley sides. It
is especially. in the Schneiber and Kleiner Hunds-
tod area that such “cave ruins” appear.

Not least, glacial erosion widened and deepened
the valleys at the cost of mountains flanking them
(oversteepening, overdeepening); this resulted in
impressive precipices, like the one between the sharp-
ly-pointed Hachelk8pfe and the overdeepened Eisgra-
ben. The pre-glacial valley floor of the Kénigssee
depression was eroded by 350 to 400 m, and on
top of that the bottom of the present lake was over-
deepened by an additional minimum of 200 m. The
same applies to the Wimbachtal which underwent
considerable incision and, in parts, overdeepening.
The surface of the solid rock lies up to 350 m below
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the present bottom of the valley which is formed
by sediments. The results of refraction-seismic
and geo-electric measurements have shown that
below the late- and post-glacial debris, glacially com-
pacted sediments cover the solid rock surface. This
could mean that the greatest rates of glacial erosion
and widening were reached during pre-Wiirmian
glaciations. The same would apply to the modi-
fication of valleys into troughs or hanging tributary
forms. The DieBbachtal, the steep Gjaidgraben, the
Schrainbachtal, the Schapbachtal, and the Kauner-
tal east of the southern end of the Kénigssee are
further examples.

The surface of the plateau glacier reached a maxi-
mum height of 2300 m in the south (around the
GroBer Hundstod), declining to 2000 m around the
Schneiber and the Gjaidkopf, and to 1500 to 1550 m,
where the southern end of the Kénigssee lies now-
adays. The further decline of the glacier surface
towards the basin of Berchtesgaden in the North
was minimal as is indicated by moraines in the Kiih-
rointalm area (in 1440 to 1370 m) and the Gruben-
Alm and Mitterkaser-Diensthiitte area (in 1390 to
1350 m).

This means that the groups of the Hochkalter and
Watzmann towered high above the surface of the

valley glaciers and were therefore subject to indivi-
dual local glaciation. Slopes and valley bottoms be-
low the glacier surface were coated with moraines
to a large extent.

Large areas are covered by moraines from the Eckau-
Alm and the Kitzkartauern as far north as the upper
border of the map, and on the northern side of the
Watzmann group. A number of stadial moraines can
be found for example near the northern end of the
Ké&nigssee and at the mouth of the Wimbachtal,
the Blaueistal and the Eisgraben, and in many other
places. So far, there have been no attempts at dating
them exactly.

In most cases, the multiple glaciation resulted in a
decisive modification of pre-glacial forms, or even
their destruction. The fact that the dolomite plinth
has been bared in some places by erosion of the
Dachsteinkalk cover has led to an accelerated de-
struction of older forms there, as erosional processes
on dolomites are of much more impetus.

An ideal example can be seen in the upper Wimbach-
tal with its sack-shaped widening and its markedly
structured and brittle, crumbly walls.

4. Factors relevant to recent geomorphological processes

Dealing with the recent geomorphological develop-
ment in the region of the “Ké&nigssee” map sheet,
special attention must be paid to gravitational and
corrosive processes because of the large number of
walls and cliffs and the existence of soluble rock in
large areas. Rockfall of all scales, rockslides, snow
ploughing or scouring, avalanches and valley filling
are examples of gravitational processes.

Rockfall and rocksliding is closely linked with the
development of cliffs and is facilitated by repeated
freezethaw activity. The Berchtesgaden meteorolo-
gical station reports an average of 122 days with frost
per annum; there are 184 days of frost, or freezing-
thawing, at the Watzmannhaus (period 1947 - 1954),
and the number increases with altitude. There is also
a considerable amount of precipitation, and a great
number of rainy days. Frequent wetting and freez-
ing-thawing facilitate weathering, especially of
fissured types of rock (e.g. ”Ramsaudolomit” or
Karnian-Norian dolomite); so it is obvious why
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walls and cliffs developed in the dolomites show
such a delicately-masoned surface, and why there
are such large talus cones at their feet, on which
mudflows and fluvial processes may originate. During
the course of the Holocene this has led to valley-
filling, like in the Wimbachtal, the Klausbachtal,
the Hochwies and the Hocheis.

Although they occur at much longer intervals, rock-
slides have considerably greater impact than rock-
fall has; it is above all the masses of debris deposited
which give evidence of their effectiveness. They also
can be traced back to the Late Glacial, and they
occur in the form of rockslide moraines (”Sumper-
loch” in the Blaueis valley) or huge erratic boulders
("Feuersteine” - E 45 67 84, N 52 72 90, and near
the northern end of the Kénigssee). A considerable
influence on the shaping of the surface must be
attributed to avalanches, as they sweep loosened
material from walls and steep slopes bare of vege-
tation, and deposit it in the form of cones further



down. The pressure exerted by a thick snow cover
initiates the so-called “Rasenschilen” (snow-plough-
ing) or the forming of Blaiken”, i.e. shallow denu-
dated patches bare of vegetation; those may be wi-
dened and deepened by further snow-scouring, or
moulded into grooves and gullies running downbhill.
It is hardly feasible to express these forms in the
map because of their small size, yet they may be
found all over the area of the map - between the
WimbachschloB and the Hochalmscharte, on the
eastern and western flank of the Wimbachgries,
at the Alplboden, or on the southern side of the
Kiihleitenschneid.

Corrosive processes become prevailing in the southern
section of the map, where characteristic forms like
dolines, uvalas, or dry valleys show up. But the
corrosion of the limestone and the shaping of those
forms take place at an extremely slow pace. Judging
form present-day climatic conditions, a mere 10
millimetres of rock can be assumed to be corroded
off a level surface per millenium. This rate can be
deduced from lapies that have developed on glacial-
ly smoothed rock surfaces or on boulders of datable
rockslides, or expecially from *KarrenfuBnipfe”
(pot-holes developed at the foot of solid limestone
knobs) or "Karrendorne” (sharp pointed remnants
of former lapies), and, most exactly, from karst
tables (erratic boulders covering a stump of lime-
stone left over from solution). Karst depressions of
bigger dimensions, ranging from one meter to several
hundred meters in diameter, like karst funnels or
wells, “’karst lanes”, larger-type to giant dolines, uva-
las, or dry karst valleys, are thus to be interpreted
as elements of an older relief.

Amongst denudative processes, which also include
gravitational denudation, it is especially the transport
of material by "Muren” (mudflows) that has to be
mentioned. ’Muren”, i.e. a mixture of debris, soil,
water, and vegetation particles in motion, originate
on masses of loose material after continuous heavy
rainfall, or after torrential showers. It is plausible
that the dolomite and Gries” areas are particularly
prone to that kind of denudative processes, This
was examined more closely in the Wimbachtal
(SCHLESINGER 1974). A total amount of up to
50 000 m® may be transported in a single event,
occasionally burying and destroying whole areas of
wood. As it is not always possible to make a clear
distinction between "Muren” and fluvial processes,
the separating line on the map between denudative
and fluvial processes is not to be taken as something
absolutely fixed in all cases.

Only relatively small patches with a prevailing of
fluvial processes turn up on the map sheet. Besides
the Wimbachtal, it is the Klausbachtal, where a for-

mer, bigger Hintersee has been confined to its present
size by accumulated material building up the valley
floor now, as well as the Eisgraben with the St.
Bartholomi alluvial fan, the latter also formed in
postglacial times with a volume of an estimated
150 million m3. Thus, an average accumulation rate
of 30 000 to 40 000 m® per annum can be assumed
for the woodless period of the Post-glacial. Fluvial
processes have also led to the development of the
Klingerbach and Krautkaserbach alluvial fans north
of the K&nigssee. Nowadays, they are being dissected
by these streams and by the Kénigssee Ache, the
latter having developed a sequence of terraces.

Only a residuary total of 0,3 km? is characterized
by glacial processes nowadays in the area covered
by the map, whereas they dominated more than 5/6
of the area during the pleistocene glaciations. They
only occur in the Blaueis area (Hochkalter group),
on the Watzmann glacier, the “Eiskapelle”, and on
some larger firn patches such as the one in the “Hoch-
feld” northeast of the Hocheisspitze (E 4564, N 5268
- no name given on the map). Areas with clearly
recognizable moraines (stadial or high-glacial) and
morainic cover were also allotted to glacial pro-
cesses which of course is not quite consistent as they
are nowadays dominated by denudative processes.
The same applies to forms which genetically have to
be rated fluvio-glacial, like in the lowermost part of
the Wimbachtal, in the Abwirtsgraben northwest of
the Gotzentalalm (E 45 75 04 to 25,N 52 69 00 - no
name given on the map), near the ruins of the Sager-
eckalm, or around the Griinsee.

Cryogenic and biogenic processes do not play any
decisive role in the shaping of the area. The alpine
zone and the structure of the substratum do not
generally favour cryogenic processes; fine sands
and pelites are lacking in sufficient quantities to
develop frost patterns. Biogenic activities have led
to the development of the ’Salletstock’ raised bog
at the southern end of the Kénigssee.

Anthropogeneous influences on the surface of the
area are also of minor impact. It is to be considered,
however, that human activities affect much larger
areas indirectly than they do directly. Thus, some
of the indirect consequences have been caused by
the reduction of woodland for alpine pastures, for
timber needed in the saltmines, and fuel for the salt-
works of Berchtesgaden and Schellenberg. This meant
a considerable thinning-out and disintegration of the
formerly closed forest cover, or even the complete
destruction, especially near the timberline, of whole
areas of wood. One of the consequences of the
reduction of woodland was intensified erosion and,
amongst others, the uncovering of rock surfaces
carrying rounded lapies; at the same time, areas
lower down were affected by avalanches and “Mu-
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ren”’. Events like that have been recorded of the Wim-
bachtal as well as the Hochwies. As for direct influ-
ences of human activities, it is mainly the regulation
of rivers and torrents which is to avoid, or at least
lower, damage in times of flooding. Thus, a series of
steps and barriers have been inserted into the channel
of the Krautkaser ravine (upper right corner of the
map); the Klausbach (upper left) has been fixed
between lateral dams, the Wimbachgries has been
stabilized by the erection of groynes (’Archen”),
and a new ditch as been constructed leading south-
southeast from the mouth of the Eisgraben to the

Konigssee. Only in the village of Kénigssee is there
any mentionable sealing of the ground by houses
or roads.

Since the act of the establishment of the Berchtesga-
den National Park has been passed (part of which
covers nearly all the map sheet) there is no more
serious danger for the area and its ecology being
affected negatively by human activities. The area of
the Berchtesgaden National Park is to remain un-
touched in its natural state; it must not be altered
through any kind of economic activity.
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Geomorphological mapping at the scale 1 : 100 000
in the central uplands of the Federal Republic of Germany
(GMK 100, Sheet 1, C 5510 Neuwied, as an example)

with 3 Figures and 1 Table

HERBERT LIEDTKE

A bstract: The gecomorphological survey of sheet
C 5510 Neuwied according to the instruction of
mapping for maps of the scale 1 : 100 000, which
was carried out with the help of the Deutsche For-
schungsgemeinschaft {German Research Foundation)
in the period from 1979 till 1983, has been finished
successfully after some initial difficulties. The main
problem of the mapping has been the selection of
the process colour for the Central Uplands, which is
interspersed with magmatic and volcanic products. In
the end the characteristic and the more accidental
main features of magmatic and volcanic forms were
given priority to the subsequent denudation. Besides
that the main interest was centered on the correct
mapping of the relief and its development, whose
nature, however, could not be represented in greater
detail. Moreover, the reference to the complex of the
Rhenish Shield was also taken into consideration.
Numerous facts could be collected so that it was
possible to get a conception of the geomorphological
development in the Westerwald. According to that
there was an old pre-Oligocene Tertiary planation
surface with some still existing ridges. In the northern
and western Westerwald the characteristic features of
the present courses of the main rivers existed at the
end of the Oligocene. These facts will be explained in
more detail in the explanatory notes on the geo-
morphological map of Neuwied.

Geomorphologische Kartierung im Ma@stab 1
100 000 in der zentralen Mittelgebirgsschwelle
der Bundesrepublik Deutschland (am Beispiel GMK
100, Blatt 1, C 5510 Neuwied)

Kurzfassung: Dievon 1979 - 1983 mit Hilfe
der Deutschen Forschungsgemeinschaft durchgefiihrte
geomorphologische Aufnahme der Topographischen
Karte C 5510 Neuwied, gemifl der Kartieranleitung
fir Karten des Mafstabs 1 : 100 000. hat sich nach
einigen schwierigen Anfingen letztlich ziigig durch-
fihren lassen. Hauptproblem der Kartierung war die

Wahl der ProzeBfarbe fiir von magmatischen oder vul-
kanischen Gesteinen durchsetzte Mittelgebirge. wobei
die charakteristischen und mehr zufilligen GroB-
formen magmatischer und vulkanischer Bildungen
Vorrang vor der spiteren Abtragung erhalten haben.
Daneben galt das Hauptaugenmerk der korrekten
Aufnahme des Reliefs und dem allerdings im einzel-
nen nicht sichtbar darstellbaren Ablauf der Relief-
entwicklung im Rheinischen Schiefergebirge. Hierzu
konnten zahlreiche Fakten gesammelt werden, so
daB sich eine Vorstellung iiber den geomorpholo-
gischen Entwicklungsgang im Westerwald gewinnen
lieB. Danach bestand hier bereits vor dem Oligozin
eine alttertidre Flachlandschaft. aus der heute noch
bestehende Héhenriicken herausblickten. Am Ende
des Oligozins waren im nérdlichen und westlichen
Westerwald bereits die Grundziige des heutigen Ge-
wissernetzes vorhanden. Einzelheiten hierzu sind
in den Erliuterungen zur Geomorphologischen Kar-
te Neuwied enthalten.

Cartographie géomorphologique en échelle 1 : 100 000
dans le massif rhénan central dans la République
Fédeérale d’Allemagne (par l'exemple de GMK 100,
feuille 1, C 5510 Neuwied)

R é s u m é: L'établissement géomorphologique
de la carte topographique C 5510 Neuwied selon
les instructions cartographiques pour des cartes
en echelle 1 : 100 000. fait 1979-1983 et supporté
par la DFG, se fit exécuter assez vite aprés que
quelques difficultés initiales avaient été surmontées.
Le probléme principal fut établi par la choix de la
couleur des processus pour des montagnes moyen-
nes constituées par des roches magmatiques et vul-
caniques. Les grandes formes caracteristiques et plu-
tot accidentelles du faconnement magmatique et
vulcanique ont regu priorité avant l'ablation posté-
rieur. En outre. on a fait une attention particulicre
a I'établissement correct du relief et au coury du
developpement du relief en Rheinisches Schiefer-
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gebirge, lequel ne peut pas étre décrit en détail.
A cela des nombreux faits pouvaient étre assemblés
de sorte qu’on ait gagné une conception sur le de-
veloppement géomorphologique en Westerwald.
Déja avant I'Oligocéne, une paysage plaine tertiaire
antérieure existait ici dominée par des sommets
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qui existent toujours. A la fin de I’Oligocéne, les
traits principals du réseaux hydrographique récent
étaient déja constitués en Westerwald septentrional
et occidental. Les notices explicatives de la carte
géomorphologique Neuwied contiennent des détails
supplementaires.
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C 5510 Neuwied and the reconstruction of the
development of the landforms

Conclusions
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1. General geomorphological mapping with area symbols
at the scale 1 : 100 000 (GMK 100)

Within the scope of the Priority Program ,,Detailed
Geomorphological Mapping” (GMK), supported by
the German Research Foundation, the Topographic
Map C 5510 Neuwied was also mapped. It is situated
in the centre of the Rhenish Shield, reflecting the
characteristic types of the relief in the geological
basement. These relief forms are widely distributed
in different parts of the German Central Uplands.
This primarily refers to the widespread, often ex-
tremely flat planation surfaces, but also to smooth
ascents, to mountaineous areas or interior basins. In
addition we find volcanic features, which have
interspersed the Central Uplands in points or larger
covers since the Middle Tertiary and valleys, which
often do not show any relation to the tectonical
structure. While researchers eagerly inquired into
residuals of equal-levelled planation surfaces until the
Middle of this century, now the view is generally
accepted that the big rectangular block of the Rhe-
nish Shield did not move as steadily during the Ter-
tiary and Quaternary as it has been thought so far; on
the contrary the suspicion is obvious that it under-
went very differentiated uplift and subsidence in its
_individual parts. Of course, the altitude of the marine
Upper Cretaceous on the High Venn south of Aachen
has always demonstrated those differentiated move-
ments, but people have been reluctant for a long
time to draw the necessary conclusions and to give up
the accustomed picture of a steady and uniform
en-bloc-uplift and the simultaneous formation of
a steplike series of planation surfaces. But which
easily acceptable idea of development should be
advanced against the theory of a series of planation
surfaces?
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The considerations concerning the development of
planation surfaces were based on their general or
detailed mapping. Also a modern geomorphological
mapping according to the legend of the GMK 100
(FRANZLE et al. 1979) records all perceptible
surfaces and surface steps, but at the same time all
the other geomorphological characteristics of the
relief are surveyed and used for the characterisation,
the interpretation of the development of relief forms.
The detailed geomorphographic representation of
forms results from their characterisation, definition
and their association with the list of symbols. Now
and then it is necessary to mark distinctive form
characteristics and to integrate additional symbols
into the legend. But one has to ask, if all relief forms
can be shown, because the space of the map, especial-
ly with a scale of 1 : 100 000, requires a strong .
generalization. The accurate reproduction concerning
singular geomorphological features, which are smaller
than 8 ha (8 mm?), must be either obliterated or
indicated by means of a symbol.

Apart from the geomorphological forms also the
processes are presented, which are decisive for the
relief form. To this end 15 area coulours represen-
ting different processes with 2 additional colour
gradations are available for further differentiations.
In spite of the multitude of process colours problems
often appear as for the determination of the correct
process colour. So, the question arises, whether in
the Central Uplands, Tertiary sheet-washing fluvial
processes (green), denudative processes (ochre),
which have been active for long periods, relief re-
ducing processes (dark-yellow) as a result of loess



accumulation, dissection by fluvial valleys (green)
or in consequence of periglacial modification smoo-
thing processes (heather) must be stressed. Must a
basalt cone on a planation surface be coloured
volcanic (ruby), periglacial (heather) or denudative
(ochre)? The accumulation terraces of the Rhein-
Main-plain, for example, are formed by fluvioperigla-
cial deposits, in the formation of the terraces of the
River Mosel and the River Rhine fluvioglacial melt-
water-streams were participating, and the redeposi-
tion in the recent flood plains clearly originates from
Holocene fluvial processes. Therefore, the selection of
the correct process colour is quite difficult; it is
suggested, to use a checklist, from which priorities of
processes are obvious and by which a certain simila-
rity in colour of adjacent map sheets is guaran-
teed. This priority list has resulted from practical
experience and has only a few fixed regulations
concernig the application of certain process colours;
for example all processes basing on fluvial dynamics,
are presented in fluvial green. For the large fluviogla-
cial accumulation terraces icy green is used, and for
the periglacial dry valleys and the small reworked re-
siduals of terraces the colour of heather is employed.
Apart from these few special regulations, the check-
list is of good use for the right selection of the other
process colours. In the map sheets of the Central
Uplands the course of valleys, periglacial accumula-
tions, volcanic structures or denudational relieff forms
including the planation surfaces are clearly accen-
tuated. Therefore maps of the Central Uplands
principally show denudative process colour (ochre),
in which ruby-coloured volcanic structures can appear
as area symbols or in points. This is the case on sheet
Neuwied due to the Tertiary basalt and phonolith
eruptions and the Upper Quaternary pumice deposits
near the River Rhine and in the Neuwied basin. In
detail, the checklist can be individually refined
according to the special requirements of each geo-
morphological map, as the experience of sheet

Neuwied has shown (REINIRKENS 1982). Among
the predominantly important geomorphogenetic
process colours a striking light red is used, in order to
demonstrate present-day relief forming processes.

Information which is important for all geoecological
problems consists of details concerning the subsurface
material, which, as a rule, cannot be taken from
either the geologic or the soil map. Thus the occur-
rence of loess, for instance, is most relevant for all
agricultural, hydrologic or forest interests. Of course,
the distribution of pure loess is registered in geologic
maps (as far as they are available). Information about
loess admixtures, however, are missing. But especially
these parts are geoecologically effective in the subsur-
face material. In the same way it is possible to show,
for instance, the particle size distribution of a slope
debris or an accumulation terrace by means of the
subsurface material symbols. So reference to geomor-
phology is additionally given by information concer-
ning the material. In the map sheets of the Central
Uplands the scale, however, sets certain limits to
the possibility of the presentation.

Geomorphometric characterization of forms, geomor-
phogenetic indications of processes, and symbols
for the subsurface material which are useful for
geoecological interpretations show strong connections
to other earth sciences and contain together with
geologic and soil maps the basic information for the
understanding of our environment. In addition, geo-
morphological mapping with area symbols affords a
general view of a certain area and enables to recognize
problems more easily; the presented multifarious
statement of geomorphological forms and the de-
ducible relations between form and process improve
the geomorphogenetic possibility of interpretation
and stimulate the emergence of new ideas for the
relief formation of an area.

2. Subdued mountain forms as a part of the Central European relief

Anyone speaking of the Central Uplands first of all
imagines the smooth surface forms in the Paleo-
zoic basement of the Rhenish Shield, the Harz, the
Black Forest, the Franconian Forest, the Oberpfilzer
Forest or the Bavarian Forest. While the three last-
named form the western border of the old Moldanu-
bic basement, both the Black Forest and the Harz
are isolated uplifts. In comparison with it the Rhenish
Shield forms a huge compact block of about 25 080
km?. In spite of their separate positions and their
differing kind of uplifts, in spite of differing altitudes

and more or less intensive intersections of magmatic

rocks, these mountains have several features in com-
mon, especially the extensive subdued planation sur-
faces and, of course, all those problems, which are
connected with the discussion of the origin of these
planation surfaces. So, again and again the question
arises, whether the surfaces perhaps might be resi-
duals of a pre-Triassic planation surface, or whether
they might not have been originated before the Upper
Cretaceous, the Old or Upper Tertiary. Also the re-
lations to the foreland of the basement are not al-
ways clear, and the tectonic movements did not have
the same consequences in all areas. This becomes
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Central Europe.

of Similar Surface Forms in Western

Fig. 1: Areas



Islands, marshes and tidal flats of the North Sea coast

Young moraine landscape with terminal moraines and spillways (Urstromtal), with lakes and closed depressions,
including the coast line of the Baltic Sea with sea - cliffs and sand spits

Old moraine landscape with subdued terminal moraines and spillways (Urstromtal), generally without lakes

Old moraine landscape, generally without lakes, partly covered by loess, sometimes with driftless outcrops
of Mesozoic rocks

Gently undulated relief on unconsolidated or indurated Tertiary or Quaternary sediments, partly covered by loess

Central Uplands with steplike penepiains of different heights and superimposed hilly' mountains on strongly folded
Paleozoic sediments or magmatic rocks (" Rumpfschollengebirge "), partly formed by mainly Tertiary Volcanism

BEEOE

Peneplains or hillocky uplands on Permian sediments or magma and lava residuals
Lowland of the Upper Rhine Valley on unconsolidated Quaternary sediments with marginal plateaus or step faults

Undulated or flat relief of the Eger graben

Hogbacks, cuestas and tablelands mostly of Mesozoic sandstones and limestones, in the northern part with small
24 local updomings or basins, in the Swiss Jura strongly folded

I,
Gently undulated relief of the Alpine Forelands on Quaternary or Tertiary sediments partly covered by loess

Old_moraine hnds.capes, fluvioglacial gravels and flood plains of the Alpine Forelands .

Young moraine landscape with numerous lakes and closed depressions of the Alpine Forelands with outcrops
of Mesozoic rocks near the Alps

High Mountains relief forms
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Larger areas of Tertiary lava sheets or groups of isolated lava knobs

7 Larger basins caused by tectonics, removal, salt solution in the underground or meteorites

/b/ Fault line

f Cuesta ( of -§ Bunter, k Keuper, and j Jurassic)

f Hogback

lll Saalean Terminal Moraines: B Drenthe Stage, B Rehburg Stage, L Lamstedt Readvance, § Warthe Stage
Z Weichselean Terminal Moraines: B Brandenburg Stage, F Frankfurt Stage, P Pomeranian Stage, ¥ Velgast Phase

@‘&“Ursiromtal (glacial spillway): B Breslau - Bremen Urstromtal,” 88 Glogau - Baruth Urstromtal, M Warsaw - Berlin

R Urstromtal, TE Thorn- Eberswalde Urstromtal, MR Netze - Randow Urstromtal

G Proved local glaciation of the Central Uplands
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clearly apparent in the Rhenish Shield, where areas
exist with more or less strong uplifts, which can be
situated next to the downthrown fault blocks. Just
in sheet Neuwied it can be demonstrated that the
Rhenish Shield has nowise moved in a uniform way;
on the contrary undulations and faults have a decisive
bearing on the present superficial configuration.

Although especially the tectonic conditions in other
Paleozoic rocks often differ considerably from those
of the Rhenish Shield - because the latter are mostly
much smaller, or they are lopsided (Harz, Erz-Moun-
tains), or because they are only forming a narrow
spur (Thuringian Forest) - it is quite clear that they
yet contain the very same surface parts and simi-

lar stepped planation surfaces as they exist in the
Hunsriick or in the Eifel. Also here the question
arises, whether there was a post-Hercynean cover of
late-Permian or Mesozoic sediments, whether the
present surface residuals are bound to a Permian pla-
nation surface or whether the striking sections have
tectonical or climatic geomorphological reasons.
Doubtlessly it is not the business of the geomorpho-
logical mapping to solve all unsettled problems, but
the results are conducive to the answer of the one
or the other question. Nevertheless, the landscapes
of the pre-Permian rocks occupy about 16 % of the
surface of the Federal Republic of Germany and form
an independent striking form group, breaking up
Central Europe into similar surface forms (Fig. 1).

3. Results of recent geological and climatic geomorphological research
in the Rhenish Shield

Within the Priority Program of the German Research
Foundation Vertical movements and their causes with
examples of the Rhenish Shield, which was carried
out in the years from 1976 until 1982, several new
results were obtained, which are of general impor-
tance also for geomorphology. Many places with
in some cases even datable sediments of Tertiary age
have been found, which enable to get a new idea of
the distribution of land and sea in the Lower Ter-
tiary. Detailed investigations made the differentiated
tectonics in the Rhenish Shield more understandable.
About many places in Central Europe new infor-
mation concerning the climate conditions in Tertiary
got known, which show striking variations in tempe-
rature in spite of the so far accepted gradual tempe-
rature drop.

The Rhenish Shield was first completely free from
transgressions after its folding during the Carbonife-
rous. Only the Lower Permian grazed the southern
border, and during the Upper Permian the sea ad-
vanced some kilometres to the northern east border.
During the Bunter a bisection of the Rhenish Shield

took finally place by the subsidence of the Eifel
trough, but after that the Rhenish Shield rose above
its environs and was subject to denudation. Only
in the beginning of the Middle Jurassic the picture
changed decisively (MURAWSKI et al. 1983), when
the former north-south structures (Eifel trough and
Hessen trough) lost their significance, and when
ocean margins - especially during the Upper Creta-
ceous - transgraded on the Rhenish Shield from
north to south. In Tertiary the coast lines reshifted
against the centre of the old mountains. Most pro-
bably a connection between the Upper Rhine Valley
near Bingen and the Lower Rhine embayment near
Bonn came into existance in the Upper Oligocene, fol-
lowing the Middle Oligocene (Rupel) transgression
which covered the lower parts of the Eifel and
Hunsriick because of an uprising sea level, in the
course of which an alluvial plain nearby the coast de-
veloped in the area of Neuwied (MEYER et al. 1983,
GLATTHAAR & LIEDTKE 1984). This sea ingraded
into the eastern Hunsriick from north and south,
forming an irregular coast line according to the
dissected relief (ZOLLER 1983).

4. The characteristic features of the relief on sheet C 5510 Neuwied and
the reconstruction of the development of the landforms

Sheet Neuwied is located in the centre of the Rhenish
Shield and participates consequently in almost all
types of relief occuring in mountains with Paleozoic
rocks. Proportionally the denudative and periglacial
shaped plateaus are most common; they are charac-
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terized by some smaller monadnocks and a soft or
sometimes sharp and deep dissection by valleys.
Vast valleys with wide flood plains and clearly tra-
ceable residuals of terraces, which divide single parts
of the Rhenish Shield, are presented by River Rhine



and River Sieg. An Oligocene-Miocene cover of
basaltic-phonolithic magma or ashes lies on the
eastern part of the plateau, and over the sheet dis-
persed several single. standing, partly also Pliocene
basalt- or phonolith knobs exist. In the southwest of
the sheet the tectonic becomes perceptible with the
subsidence of the Neuwied basin, because two cros-
sing dislocation systems (Andernach fault, Sayn fault)
cause a distinct lowering of the elevation (BIBUS
1983). During the glacial period the Neuwied basin
had been covered by loess, while the plateaus had
been provided with loess admixtures. At last an only
10 000 years old volcanism blessed the Neuwied
basin with a few meters and the marginal parts of the
western Westerwald with a few decimeters of pumice
layer. Apart from the rare glacial forms in the higher
parts of some Central Uplands and from Karst fea-
tures all typical geomorphological processes in moun-
tains with a Paleozoic basement are thus represented
in sheet Neuwied.

Sheet Neuwied belongs with 90 % to the Westerwald,
which is situated between River Sieg and River Lahn.
The Neuwied basin as the lowest part of the Middle
Rhine basin represents 6 %, the Sieg valley and the
northward adjacent Siiderbergland occupy 4 %.

Except for the Neuwied basin the Westerwald bet-
ween Neuwied and Siegen contains only Devonian
beds which are covered in the northeast of Koblenz
by Tertiary clay, basalt and basalt tuff. The Devonian
is represented by the Lower Devonian Siegen beds
and Ems beds just as the Middle Devonian Eifel
series in the southeast. Slates are dominating in all
layers, which are partly interspersed with sandstone
layers. In the intermediate Siegen beds quarzites
and quartose greywackes were formed out. A strict
connection of the geomorphological main features

with certain Devonian subdivisions is, however, not
perceptible, because the mayor elevations in Devo-
nian rocks are located in completely different strati-
graphic positions (Tab. 1).

On this Devonian basement with its hercynian struc-
tures gently rolling landforms developed (primary flat
level), which have only been topped by some higher
elevations. These elevations are clearly overlooking
their vicinity still today: to the north of River Sieg
the Nutscheid (378 m), in sheet Neuwied to the south
of River Sieg the Leuscheid (388 m), between River
Wied and River Sayn the Dernbacher Kopf (427 m)
and between Montabaur and Koblenz the Montabau-
rer Hhe (545 m). In the Upper Eocene, in the Lower
and Middle Oligocene a sedimentation of clays and
sandy-gravelly sediments took place, which are widely
covered on their part by basalt of the Upper Oligoce-
ne and the Lower Miocene. In the eastern part of
sheet Neuwied this volcanism produced a superim-
posed younger level, which forms the High Wester-
wald and which comes up to 567 m in the Fuchskau-
te (outside of sheet Neuwied). As the third element
the basins to the south of sheet Neuwied are to
mention (Fig. 2), which were formed either by tec-
tonics (Neuwied basin) or by fluvial erosion (com-
bined with tectonics?) (Montabaur basin).

The oldest geomorphologic element of the relief can
be reconstructed from an intensive white weathering
mantle of totally bleached Devonian slates, sandsto-
nes or greywackes (Weiverwitterung). The weathering
mantle is still indicative where it could be preserved
under a cover of Upper Eocene clays or other depo-
sits. Because of the fact that Weilverwitterung
does not show relevant differences in elevation the
landform must have been nearly plain during its
formation.

Tab. 1: Stratigraphy of the Devonian on Sheet "Neuwied”.
(Source: Deutscher Planungsatlas - Vol. Nordrhein-Westfalen: Geologie. — 1 : 500 000, 1976).
Period Epoch Material
Middle Devonian Eifel slate, sandstone
Upper Ems slate, sandstone, keratophyre, Ems-quarzite;

Lower Ems
Lower Devonian Upper Siegen (Herdorf)

Middle Siegen

Lower Siegen

point 545 in fig. 2
slate, sandstone ; point 388
sandy slate with sandstone beds: point 378

phacoidal slate with sandstone beds (upper
greywacke series)

slate with sandstone beds (Lower greywacke
series)

The clayey-silty facies of Hunsriick slates was sedimented during the Siegen and the Lower Ems epoch {e.g. point 427 m in

fig. 2).

31



Altenkirchen

Geomorphological and (or) geological basin

30- 17 m.y. ago (Hoher Westerwald)

gebirge)

Quaternary eruptions (Eastern Eifel)

Fault

e 50

Elevation in m
580 Elevation of the basalt base

Basalt eruptions of the Bertenauer
B6 knob near Neustadt/Wied at about
6,2 m.y. ago

Fig. 2: Main relief features on Sheet C 5510 Neuwied.

Also the covering clays are an indication of a widely
subdued relief and a surface, being interspaced by
soft basins. Although the processes that led to this
WeiBverwitterung, are not clear down to the smallest
detail, a long period of decay processes must at least
have taken place in order to produce a several meter
thick WeiBverwitterung. The question is,” whether
the WeiBverwitterung (grey loam) is only the result
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P5 Basalt eruption Piuslinde in the Mon-
tabaur basin 5,6 m.y. ago

Area of the uninterrupted cover of basalt or basalt tuffs,

527  Giebelwald

378  Nutscheid

388  Leuscheid

427  Dernbacher Kopf

Area of volcanic rocks and tuffs, 28 - 15 m.y. ago (Sieben-

545 Montabaurer Héhe

Al Altenkirchen fault

An Andernach fault
S Sayn fault

Evidence of deeply weathered Devonian
™ (WeiBlverwitterung) or its base (Wurzel-
zone)

of hydrothermal decay, because its occurrence also
by local beds was proved, and the drained off residual
minerals, such as iron or manganese, have often been
accumulated in marginal zones. Moreover, hydro-
thermal decay is also imaginable as a result of Ter-
tiary volcanism (MEYER et al. 1983). Where the
WeiBverwitterung is not preserved any longer, because
the protecting covers have been graded by decay,



often the lower part of this Weilverwitterung can be
found, which is often visible in cuts as a friable decay-
ing root zone of Devonian rocks.

In the Lutetian (Middle Eocene) the western part
of Central Europe lay in a climatic belt, which had a
mean annual temperature of 22 - 25° C and conse-
quently enabled tropical vegetation. Within the
following Lud (Upper Eocene) the temperature,
however, decreases quickly to 15° C. Now, after
weak tectonik movement, eroded Weilverwitterung
was settled in fault troughs as clay. The relief itself
did not change basically, even though the fluvial
system of the Vallendar gravels was forthcoming in a
west-east running Bitburg-Kassel syncline and trans-
ported sandy-gravelly material.

Also in the following Lower and Middle Oligocene
(Lattorf and Rupelian) no decisive geomorphological
changes happened, although an additional drop of
temperature took place, which caused for a short
time temperatures similar to those of modern Cen-
tral Europe. From the west a transgression towards
the South Eifel advanced, which brought the Rupe-
lian sea up to the Wittlich basin (MEYER et al. 1983)
and permitted the proof of a brackish fauna (KA-
DOLSKI 1975). This transgression caused the
disappearance of the Vallendar gravels, running
previously from the Wittlich basin within the old
Bitburg-Kassel syncline to the Neuwied basin. By the
investigations of ZOLLER (1983) a richly embayed
transgression course of a brackish sea could also be
reconstructed for the eastern Hunsriick, after there is
no doubt about an assignment to the Rupel of so far
fluvially interpreted Tertiary sediments of the Huns-
riick (SONNE 1958). In 1973 BIRKENHAUER had
already hinted at a deep ingression from the south
into the western Hunsriick, at which a terrain of
possibly high relief intensity disappeared under the
sea (RATHJENS 1977). Of course, the question arises
here, whether at that time a pre-form of the present
Upper Middle Rhine Valley had already existed, in
which, however, all deposits of Oligocene age were
later destroyed by the large Rhine stream.

When the Rupel sea withdrew from the Rhenish
Shield, the terrain of the western Westerwald lay only
a few meters above the sea level. Within the Chatt
(Upper Oligocene) an accumulation of the 10 -20 m
thick Arenberg series took place, under which the

last residuals of a soft relief completely disappeared.
A vast alluvial plain nearby the coast could come
into being, from wich a few altidudes towered above
the area (Montabaurer Héhe, Dernbacher Kopf,
Leuscheid, Nutscheid). At the same time, however,
two important events happened, which changed the
relief decisively:

(1) With the retreat of the Rupel sea, 28 million
years ago, basalt eruptions started in the High
Westerwald, which alsmost lasted with their last
eruptions till the end of the Lower Miocene,
17 million years ago (LIPPOLT 1983). At the
same time the Siebengebirge came into being.
Tectonic movements orientated in the (Middle)
Rhine direction began and caused the still
active subsidence of Lower Rhine embayment.
It also caused the precondition of a new catch-
ment system, by which the Upper Rhine Gra-
ben was connected later on with the Bay of
Cologne, making possible the present course of
the Middle Rhine.

(2)

With the end of the Oligocene, 24 million years ago,
the main features of the relief development existed:
A Rhenish trough crossed the Rhenish Shield on a
large sandy-gravelly alluvial plain. In the Western
Westerwald the present valleys were formed, and in
the High Westerwald a basalt section towered up
as high as 200- m and rose far visibly above its en-
virons.

Little is known about the Miocene, because the
Rhenish Shield was a denudation area. It is true
that the valleys softly deepened as a result of a
slight uplift, and that they tended towards a prime
Rhine, which crossed the Rhenish Shield for the
first time, 15 million years ago (BOENIGK 1982).
During the Pliocene, the Pontian (Lower Pliocene)
flat levels were formed, which passed the primary
flat level as wide, only softly incised valleys. Their
age can be proved by the basalt knob of the Berte-
nauer Kopf near Neustadt/Wied which was formed
6.2 + 0.8 million years ago (LIPPOLT 1976) cover-
ing Wied sediments (GLATTHAAR 1976). During the
Quaternary a new uplift took place and caused the
deep incision of the present valleys. Only the Neu-
wied basin was an exception, which did not parti-
cipate with the whole Middle Rhine basin in the
uplift of the surrounding areas (BRUNNACKER &
BOENIGK 1983).

5. Conclusions

It turned out to be very advantageous that sheet Neu-
wied is located in the centre of the Rhenish Shield
and that it is at the same time a central point of

the Priority Program of the German Research Foun-
dation Rhenish Shield; therefore, the geological, geo-
morphological, geotectonical and geophysical results
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were an advantage for the investigations in the
Westerwald and in the Neuwied basin. The still exist-
ing residuals of Weilverwitterung under the Upper
Eocene and Oligocene clays or the Oligocene-Miocene
basalts just as the widespread root zones of this
WeiBverwitterung are helpful. But in the Rhenish
Shield their distribution is no more paleogeogra-
phically conclusive; it is missing on monadnocks, and
in some places the Lower Oligocene Vallendar gravels
or the Miinstermaifeld marls lie on the outcropped
undecayed Devon. It remains uncertain, at what
time the Weilverwitterung must be set. The last
paleoclimatic possibilities existed in the Lower and
Middle Eocene, but a much older (Cretaceous)
origin cannot be excluded. As Weillverwitterung does
not exist in the South German cuesta landscape, the
conclusion could be drawn that it had developed
already before the inclination of the South German
Shield on the Paleozoic planation surface during the
Lower Cretaceous and that it was preserved in a low
position above the sea level into the Eocene, possibly
with intermediate development.

QUITZOW (1982) pointed to the high age of the
Paleozoic planation surface; he regards the 600 m
level of the Eifel (R2) as a part of a subdued primary
relief, which sloped northwards from the Vosges
Mountains into the northern ocean, being slightly
folded already in the Lower Tertiary. In the synclines
the lower planation surface R1 came into being in
500 m today, in which the present water system has
already been formed; this developed on broadly
formed sheet wash plains. Inside this 500 m level the
Trogflichen (trough levels), which lie in 400 m today,
have already been incised in pre-Oligocene periods
(LIEDTKE 1969). The Oligocene age of the primary
relief of the western Westerwald, stated by HAU-
BRICH (1970), must therefore be given up.

Bertenauer
Kopf

—__ —Tiittlere Siegengr Schichten (Unterdevon)
T

-0

According to QUITZOW (1982) the areal denudation
till today is rather small; as a result of investigations
of datable Eifel volcanoes it only amounts 2 m in 1
million years. These data are confirmed on sheet
Neuwied, where the basalt of the Bertenauer Kopf
(351 m) to the south of Neustadt/Wied lies upon
Pliocene Kieseloolith gravels in 300 m (BURGER
1982). While northward a deep dissection by River
Wied (150 m) took place, the terrain slowly rises
southward and proves the small denudation rate
during the last 6 million years. Already AHRENS &
BURRE (1932) hinted at the surrounding plateau,
which is situated between 300 and 320 m showing
flat surface forms in general. The fact is remarkable
that 6 million years ago a cover of gravels with a
thickness of 4 m was accumulated on still existing
residuals of Weilverwitterung in a situation, which
belongs to the Upper Tertiary valleys, where a WeiB-
verwitterung had not been expected (Fig. 3).

In 1977 RATHJENS pointed to the resistant monad-
nocks in the Hunsrick, towering the surroundings
with 200 - 300 m (Idarwald 816 m, Errwald 695 m,
Osburger Hochwald 708 m) so that higher mountai-
nous parts in the midst of planation surfaces are
obvious. Such as monadnocks tower highly above the
surface niveaus in areas of recent sheet wash areas,
also our relief presented those features in its earlier
phases of development. In sheet Neuwied the Monta-
baurer H&he, Dernbacher Kopf, Leuscheid and
Nutscheid belong to such ancient heights.

It appears that the former opinions of completely
homogeneous tectonical processes in the Rhenish
Shield cannot be sustained any longer. Even in smal-
ler areas the tectonic displacement is. very differen-
ciated, as the example of the Neuwied basin shows.
In which degree the Montabaur (Herschbach) basin
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Fig. 3: Cross section through the basalt knob Bertenauer Kopf after AHRENS & BURRE 1932 and KLUPFEL 1935.
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is only the result of young tectonics or had already
been set up earlier and was eroded later on, is very
difficult to determine for lack of conclusive and
datable faults. In any case the arguments provided
by AHRENS (1957) are not solid enough, in order
to exclude a removal of material out of the basin.
Apart from special cases (Neuwied basin, Limburg
basin), we can generally stick to the assumption
that until the end of Oligocene more local tectonical
displacements and extensive undulations took place
in the Rhenish Shield than in younger periods. The
Upper Tertiary, however, produced more uniform
movements, and during the Quaternary more or less
regular movements had possibly taken place. To this
refers the new investigation of the Pleistocene Rhine
terraces by SEMMEL (1983), who proved north

of Bingen that the Rhenish Main Terraces near
Trechtingshausen were not locally dislocated as it has
always been stated in literature till now. Also the
altitude of the Kieseloolith series at heights of 300 -
320 m is constant to a large extent, as BIBUS (1983)
ascertained in the surroundings of the Neuwied basin.

The question asked at the beginning, what kind of
picture concerning the development of planation
surfaces must be drawn today, is still open; only
one result is certain: the climatic geomorphologi-
cal impact on tectonic influences is a very slow
process, which had considerably been overestimated
by the late master BUDEL. Consequently tectonic
concepts gain a new higher probability for the inter-
pretation of down-stepping planation surfaces.
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Assessment of soil parameters for predicting the potential
impact of environmental chemicals
by means of geo-scientific maps

with 5 figures and 3 tables

OTTO FRANZLE

A bstract: In industrialized countries environ-
mental protection and planning are tasks of major
importance comparable to the social problems of the
19th century. Basically their solution involves the
determination of the stress tolerance of human
populations and biocenoses, which requires compre-
hensive evaluation strategies.

By means of comparative laboratory and open-air
experiments the essential operators or regulators
controlling the soil passage of environmental chemi-
cals are defined in terms of both pedochemical and
physical soil characteristics and numerical regres-
sions of the relevant sorption processes as revealed
by representative experiments.

The last part of the paper deals with the exemplary
evaluation of geo-scientific maps with the end to pro-
vide for supplementary areal data. Digitalisation pro-
cedures yield binary data which are subsequently
grouped by means of entropy-analytical methods
into classes of equal susceptibility to anionic refe-
rence chemicals whose reactions are known from
the above experiments.

Die Erfassung von Bodenparametern zur Vorhersage
der potentiellen Schadwirkung von Umweltchemi-
kalien mit Hilfe geowissenschaftlicher Karten

Kurzfassung: InIndustrielindern sind Umwelt-
schutz und Umweltplanung zu Aufgaben dhnlicher
GréBenordnung geworden wie die soziale Frage im
19. Jahrhundert. Thre Anforderungen werden wesent-
lich dadurch bestimmt, inwieweit die Grenzen der Be-
lastbarkeit von Bevélkerung, Tier- und Pflanzenwelt
erreicht oder iiberschritten sind. Dazu bedarf es um-
fangreicher Forschungen, und die vorliegende Unter-
suchung gehort forschungslogisch in diesen Bereich
interdisziplinirer Umwelterfassung.

Auf der Grundlage vergleichender Labor- und Frei-
landversuche mit als Referenzsubstanzen ausge-
wihlten Umweltchemikalien werden die fiir die
Bodenpassage wesentlichen =~ Okosystemparameter

angegeben. Dabei zeigt sich, dafl die Komplexitit des
Wirkungsgefiiges bislang hiufig unterschitzt wurde.
Um zu der notwendigen stirkeren Differenzierung
zu gelangen, werden daher in einer theoretischen
Einfithrung zunichst die Interdependenzen innerhalb
des Bodenkérpers systemar erfat und anhand der
experimentellen Befunde Korrelationsméglichkeiten
mit Chemikalieneigenschaften aufgezeigt. In welchem
Umfang erforderliche Daten durch die Auswertung
geowissenschaftlichen  Kartenmaterials gewonnen
werden kénnen, ist der Gegenstand der abschlieBen-
den exemplarischen Untersuchung. Auf der Grund-
lage der experimentellen Befunde werden mit Hilfe
einer speziell entwickelten Datenerhebungstechnik
und der Entropieanalyse geopedologische Raumein-
heiten gleicher Belastbarkeit in bezug auf eine anio-
nische Referenzchemikalie bestimmt.

La détermination de parametres pédologiques en vue
d’une prévision de linfluence négative potentielle
de substances chimiques sur l'environnement & l'aide
de cartes thématiques

R é s u m é: La protection et la gestion de I’environ-
nement ont pris dans les pays industrialisés une im-
portance comparable a celle des problémes sociaux
au XIX€ siecle. Leurs impératifs sont dictés principa-
lement par les limites, et éventuellement le dépasse-
ment, des contraintes pouvant étre assumées par la
population, la faune et la flore. Des recherches appro-
fondies ce domaine sont indispensables et la présente
étude se place dans la ligne d’une analyse pluridisci-
plinaire des problémes de I’environnement.

Les principaux paramétres de ’écosystéme concer-
nant les phénoménes de passage dans le sol sont ex-
primés en relation avec des produits choisis comme
substance de référence et testés sur la base d’ex-
périences comparatives en laboratoire et sur le ter-
rain. Une premiére constatation est que la com-
plexité des relations des différents facteurs a été
jusqu’a présent souvent sous-estimée. C’est pour-
quoi, en vue d'une différenciation plus poussée
nécessaire, les relations d’interdépendance systémique
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entre les facteurs pédologiques seront d’abord pré-
sentés au cours d’une introduction théorique. Dans
un deuxiéme temps des possibilités de corrélation
avec les propriétés chimiques des substances seront
établiés au moyen de résultats expérimentaux. Le
dernier volet de cette étude se propose de montrer

Contents

1. Soil moisture balance and fluxes of potentially
toxic substances

1.1 Regulatory pedophysical and chemical para-
meters

1.2 Soil leaching experiments

2. Geostatistical interpretation of geological, pedo-
logical and topographic maps

Since 1960, the chemical industry has grown at about
twice the rate of the overall industry sector, and it
plays a critical role in economic growth and industrial
development throughout the world. In 1978, the che-
mical industry of OECD member countries manufac-
tured products worth over 350 billion dollars, an esti-
mated two-thirds of world production: It ensures the
livelihood of many more people in those ,,down-
stream” industries whose very existence depends on
the products the highly diversified chemical industry
manufactures.

Just because these products are now an essential part
of both economic and social life, governments and
industry alike have become increasingly concerned
about potential unintended consequences which the
use of man-made chemicals could have on both hu-
man health and the environment. The numbers are
striking: of some 4 million known chemical substan-
ces, some 60 000 are produced in commercial quan-
tities, and it is estimated that as many as 1000 new
substances reach the market every year (LEMERLE
1981). Consequently a number of key chemical-
producing countries have passed, or are enacting,
general substance control legislation. Common to all
these legal instruments is the preventive aspect, i.e.
the notification of chemicals prior to marketing

par un exemple dans quelle mesure les données
nécessaires peuvent étre obtenues i I'aide de cartes
géographiques. Des unités spatiales géopédologiques
ont été définies expérimentalement a Paide d’un
procédé spécial de collecte des données et d’une
analyse entropique.

2.1 Basic principles of evaluation and data trans-
formation

Entropy analysis and areal classification proce-
ures

Assessment of buffering capacities

Possibilities of pedological and environmental
chemical interpretations of geomorphological
maps

3. References

4. Acknowledgements

2.2

2.3
2.4

which entails the presentation of data derived from
laboratory investigations together with additional
information permitting the evaluation of potential
hazards.

Such a comprehensive assessment of the potential
ecotoxicity of new chemicals implies the determina-
tion of their persistence and distribution potential on
the one hand, and the analysis of the respective mo-
des of immission and the structure of ecosystems on
the other (FRANZLE 1983 a). Since two of the most
essential regulatory compartments of any such sys-
tem, i.e. its biocenoses and soils, are both directly
related to or decisively influenced by geomorphology,
it is the aim of the present paper to give an example
of the interpretation of geomorphological and related
informations with respect to assessing relevant soil
parameters for the prediction of the distribution of
chemicals released into ecosystems. It is based on the
results of comprehensive experiments in the labora-
tory and on experimental plots (FRANZLE 1982 a),
in particular those of shaking experiments which
yielded the majority of data used for comprehensive
regression analytical evaluations and modelling pur-
poses by means of sets of simultaneous differential
equations

1. Soil moisture balance and fluxes of potentially toxic substances

Fluxes of potentially toxic substances through the
main environmental compartments (lower) atmos-
phere, soil-vegetation complex, and water usually have
the form of complicated cascading systems. Their
analysis has to start with a sufficiently detailed evalu-
ation of the relevant transformation mechanisms and
their specific boundary conditions. As far as the soil
system, to which the present paper must be restric-
ted, is concerned, they comprise:
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- colour, macro and microstructure of soils, horizon
sequence, and chemical properties of the individual
horizons

- water balance

- moisture and pH controlled cationic and anionic
exchange capacities of soil horizons

- diffusion and dispersion phenomena as related to
field capacity and actual soil moisture content

- microbial activity



and chemical

1.1 Regulatory

parameters

pedophysical

In greater detail and precision the internal structures
and manifold interrelationships of these subsystems
can be appropriately represented only in a compre-

hensive synthetic system model formulated in matrix
or in graph forms (FRANZLE 1982 b).

Since a reproduction of the complete model is not
possible here for technical reasons, a representative
section is represented which shows one of the most
important transformation subsystems, ie. TS L
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AAK Anion exchange capacity exceeded?
ADS Adsorbed specifically?

AKK Accumulated?

AS Exchange colloids persistent?

BF Soil humidity

CH Nonbiotically degraded?

DES Desorbed?

DIS Dissociated ?

GP Major pores filled with air

KAK Cation exchange capacity exceeded?
KAT Adsorbable due to cationic reactions?

KONZ  Concentration of matrix solution
ME-OX Metallic oxides and hydroxides

MI Microbially degrades?

MIN Decomposed?

NSI Newly formed toxic substances

0s Organic matter

PED Pedon

PH PH value

POL Polarized?

POS Sorption to positiv charges?

PS Porous storage

RED Redox reactions

SNA Nonspecific adsorption in anionic form
SNK Nenspecific adsorption in cationic form
SSA Specific adsorption in aniomic form
SSK Specific adsorption in cationic form

T Temperature

TFB Throughflow, loaded

TFR Throughflow, unloaded

TON Clay mineral content and composition

Fig. 1: Transformation system I (TS I) as illustrative detail of a comprehensive system model defining the fluxes of a poten-
tially toxic compound through the soil-vegetation complex.



This partial model is to emphasize the importance
of adsorption and desorption, which both and in con-
junction determine the so-called ‘buffering capacity’
of a soil. Soil constituents with high specific surface
and net charge, i.e. primarily organic matter, then
clay minerals and metal oxides and hydroxides, large-
ly determine adsorption and desorption. The relevant
boundary conditions are concentration and dissocia-

Parameters influenced

%,

b,
,,
1,

I'
o,
S
%

tion or polarity of the chemical on the one hand, soil
moisture, temperature, pH value and oxidation and
reduction potentials on the other.

The following connectivity matrix (Fig. 2) which is
mathematically equivalent to a graph illustrates these
interrelationsships in a concise manner.
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Soil moisture

Soil fabric

Redox potential
Soil tempersature
Mineral composition
Ovganic metter
Biotic activity

pH value
Petrography

Geororphological situstion
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1 Primary interactions
2 Secondary interactions
3 Tertisry interactions
4 Impact chemical — Soil

Fig. 2: Connectivity matrix of essential pedochemical interrelationships.

1.2 Soil leaching experiments

In view of the numerous feedback mechanisms ope-
rative among these variables systematic search for
determining the most important ones and establi-
shing a list of relative priority becomes imperative.
To this end laboratory tests by means of larger-scale
monolithic lysimeter leaching experiments were run
(FRANZLE 1982 a). Since these experiments had
to be made with saturated soil columns of 60 cm dia-
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meter they are simplifications or idealisations from
the real world situation. Therefore they were comple-
mented by open-air experiments on podzol and les-
sivé plots developed from Weichselian cover sand on
Saalian moraine and from Weichselian till whose soils
are regionally representative for Schleswig-Holstein
(FRANZLE 1983 b) .

The relevant physical and chemical properties of

these experimental soils are summarized in Figures
3 and 4.
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The test substances used for leaching experiments
were 2,4-dichlorophenoxyethane acid (2,4-D) and
pentachlorophenol (PCP). 2,4-D with a molar mass
of 221,04 and an (estimated) world production of
100 000 t/a is used as a herbicide; its partition
coefficient n-octanol/water has a log Pow 1,57, the
dissociation constant pK , at 298 K being 2,73. The
corresponding figures for PCP which is used as an
insecticide, herbicide and fungicide are: molar mass
266,34, world production 25 000 t/a, log Pow 3,69,
pKp at 298 K 4,74. The analytical detection of
2,4-D was made by means of gas chromatography,
using a Perkin-Elmer SIGMA 2 B (technical details
of equipment in: FRANZLE 1982 a); the prepara-
“tion of samples followed HORNER et al. (1974)

Table 1:

The evaluation of the numerous data obtained from
two years’ experiments in laboratory lysimeters of
the above type and on experimental plots permitted
to define the relative importance of the variables
involved in sorption processes by means of corre-
lation and regression analysis. As the following
Table 1, shows which summarizes only the results of
laboratory stirring experiments of sub-horizon
samples with 2,4-D (5 g of air-dried soil materi-
al / 50 ml solution in the concentrations given in
Tab. 1), granulometry, density of soil solid, soil
pore fraction, organic matter, oxalate soluble Fe,
Al and Si, and pH account for more than 90% of the
observed variance of sorption rates as ensues from
the following sets of equations.

Multiple regressions of sorption rates as a function of chemical concentration and soil properties: A. Boksee

P 1, Boksee L 1, Bucken P 1; B. Boksee P 1;C. Bucken P 1.

V49=-0,083+0,1 Alo+0.01 Sil [Mult R=0,95]

v50=0,13-0,01 0S-0,01 Al {Mult R=0,8 ]

1

Vv51=0,33-0,06 S1.+0,18 Alo {Mult R=0,74]

1

V52=0,24+0,05 A11~0,03 FeD [Mult R=0,82)

v5320,54-0,009 [H Alg)+0,9 Al [Mult R=0,88)
V54=2,27-2,06 Al_+0,013(H'Alg] [Mult R=0,71]
V55=0,99-14,2 Mn+1,21 Al {Mult R=0,88)

[Mult R=0,96]

(VS8=3,49+0,009 (H'Alg-2,8 Mo

v49=-0,07+0,4 nnD¢o,oo1(H’A1g|-o,03 Fe _+0,013 Al +0,004 05+0,001(<2um]
V50=0,09+0,34 Mn,+0,001 0s-0,0004 [H*A1g]+0,005 Fe_+0,02 31190,001[<2uml
V51=0,07¢0,8 Mn 0,04 Siloo,ooos(H'Alq)*0,00Sl<63um]¢0,016 Fe=0,01[<2um]
V52=0,2+1,17Mn+0,01 0S-0,1 Fe+0,07 Al +0,02{<2um]+0,023 Fe
v5320,4+2,9 Mn)+0,004 05+0,09 alo-o,oozln’nlgl-o,o4 Al,+0,005 (£2um]
V54=2,1-0,03([<63um]~0,04 0S-0,32 Al _+0,45 Fe _+0,22 sxl-o,ooB[H'alg]
V55=1,4-12,2 Mn+0,7 Al -0,13 Al,+0,05 Fe +0,04{<63um}+1,4 Fe

(V58=3,5+0,1 0S+0,73 Al_-1,06 Fe+0,2[<2um]+0,25 reooo,oosln’nlgl

[Mult R=0,93]

[Mult R=0,83)
[Mult R=0,67]
A. [Mult R=0,73)

{Mult R=0,87]
[Mult R=0,60]

[Mult R=0,83}

D
{Mult R=0,89]

c.

v49=0,01-0,008 [<2um) +0,003 [<63um) {Mult R=0,98)
V50=0,06+0,03[<2um) 0,006 [<63uym] [Mult R=0,98]
V51=0,13+0,13[<2um]-0,02 0S [Mult R=0,98]
v5220,01+0,04[<63um) +0,04[<2um} [Mult R=0,71]
V53=0,14+0,06 Fe +0,008(<63um)  [Mult R=0,98)
V54=1,54+0,4[<2um}-0,1 Fe {Mult R=0,74)

D

V55=4,3+0,4(<63um}~0,06 [H'Alg]  (Mult R=0,95]

[Mult R=0,98)

[v58=2,5+0,4[<63um]-0,4 si,

(#'Alg] = Variable 9; [H'Al, ] = Variable 45
V49  Amount of 2,4-D adsorbed at concentration  Co = 0,1 g/l All Al in soil extract
V50 Amount of 2,4-D adsorbed at concentration Co =0,2 g/l Alp Oxalate soluble AL
V51 Amount of 2,4-D adsorbed at concentration Co =0,5¢g/1 FeD Dithionite soluble Fe
V 52  Amount of 2,4-D adsorbed at concentration Co =1,0 g/l Feo Oxalate soluble Fe
V53 Amount of 2,4-D adsorbed at concentration Co =2,0gfl H+Alg Sum of exchangeable cations in %
V 54  Amount of 2,4-D adsorbed at concentration Co =4,0¢g/l MnpD  Dithionite soluble Mn
V56  Amount of 2,4-D adsorbed at concentration  Co < 2,0 g/l oS Organic matter in %
V57  Amount of 2,4-D adsorbed at concentration  Co > 2,0 g/l Si] Si in soil extract
V58 Total amount of 2,4-D adsorbed at concentration Co Mult R Multiple regression coefficient
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2. Geostatistical interpretation of geological, pedological and topographic maps

The relationships summarized in Table 1 permit, to
a certain extent, a sorption-oriented interpreta-
tion of the areal data contained in large and middle-
scale maps of a region relating to the geological,
geomorphological, pedological and topographic situ-
ation.

2.1 Basic principles of evaluation and data

transformation

In the context of the present paper the 1:25 000
geological, petrographic, pedological and topogra-
phic maps of a Saalian moraine complexe with Weich-
selian cover sands (c.f. plot Bucken) southwest of
Kiel (Schleswig-Holstein) were analyzed. For this
purpose each sheet was subdivided into 3249 grid
points. The relevant cartographic information at each
point and its immediate neighbourhood relating to
sedimentology (e.g. till, cover sand, peat), substrate
(sand, silt, clay, etc.), soils (category label: soil
group), relief (i.e. exposition and slope angle classes),
and land use was transformed into nominal data.

After an appropriate reduction of the prohibitive
number of primary data thus obtained by using re-
presentative neighbourhood relationships, cluster
analysis in the form of entropy analysis (ANDER-
BERG 1973, WILLIAMS & LANCE 1966) was the
method of evaluation.

2.2 Entropy analysis and areal classification
procedures

Entropy analysis is based on the information theo-
retic concept of entropy (SHANNON & WEAVER
1949) and defines measures of association between
nominal or binary variables such that the information
loss suffered in conversion to binary data is some-
what compensated by additional advantages. The
aggregation of the binary data is accomplished by
a centroid sorting procedure (ANDERBERG 1973).
This clustering method employs heuristic devices
for adjusting the number of clusters to conform to
the apparent natural-structure of the data set (VO-
GEL 1975).

Three of the most prominent motivations for allow-
ing the number of clusters to vary are (i) entropy
increase, (ii) spatial diversity of the area depicted, and
(ili) specific interactions of a selected chemical with
the environment. In the present framework sorting
the data set into 7 clusters (i.e. geopedological units)
appears optimal, 10 introducing an element of useless
complexity on the one hand, and 5 yielding poorly
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defined clusters on the other, which would not
permit a sufficiently precise chemical hazard assess-
ment (HOFFMANN 1982).

The result of entropy analysis is summarized in the
following computer map. The broken lines indicate
associations of the above geopedological units in
order to make the spatial structure more easily
discernible, while the legend explains the units in
terms of environmental criteria according to Fig. 2.

2.3 Assessment of buffering capacities

Geopedological units of the above type are homoge-
neous entities in the precise operational sense of
cluster algorithms or entropy analysis, respectively.
Hence each unit may be expected to display specific
reactions to defined chemical impacts. In addition to
Figure 2, which shows the essential relationships bet-
ween physico-chemical characteristics of a compound
and its distribution properties, Table 2 summarizes in
an analogous way the relevant systemary relations
between pedological parameters of a potentially
affected soil and the environmental chemical charac-
teristics of a compound released.

Table 2: Relationships between pedological parameters and
distribution characteristics.

V = Distribution, S = Sorption, D = Decom-
position
vV 8§ D
Fabric X o o
Mineralogical composition o X x
Temperature X X X
Aeration/Redox potential X x X
Microbial activity o o x
Organic matter o X X
Soil moisture X x X
ph-value X x x

The information contained in Table 1 and Figure 2
forms the basis of the concluding exemplary assess-
ment of the different buffering capacities of the
above geopedological units in regard to the agro-
chemical 2,4 dichlorophenoxyethane acid which
appears in anionic form in the environment. In the
following Table 3 the possible interactions of each
unit are labelled positive (+), negative (-) or indiffe-
rent (0) in order to indicate reducing or annihilating,
intensifying or accelerating, or imperceptible reac-
tions of the soil-vegetation-relief complex to the che-
mical impact. The sum of these positive and negative
effects is deemed indicative of the buffering capacity
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(1) Podzol and Humic Podzol from sandy till on marked to  (4) Peaty ground, low fen in valley bottoms; grassland and

(2)

3)

very pronounced slopes facing west and southeast:
arable land and broad-leafed forest.

Podzol and Humic Podzol from sandy till and fluviogla-
cial deposits on medium slopes facing to northeast to
east and on hilltops; arable land.

Surface water gley (Pseudogley) and Podzol (pp. Lessi-
ve) from clayey to sandy till on moderate to steep slo-
pes facing northwest and southwest; arable land and
grassland.

arable land.

(5) Humic podzol and peaty ground on level fluvioglacial

sands; grassland and arable land.

(6) Humic (pp. peaty) Podzol from fluvioglacial sands in

valley bottoms and on subordinate slopes; arable land
and grassland.

(7) Orthic Podzol from sandy till on hilltops, steep slopes

and in valleys with highly variable exposition; arable
land and broad-leafed forest.

Fig. 5: Computer map of the distribution of 7 geopedological units resulting from entropy analysis.
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Table 3: Relationships between pedological parameters of 7 geo-pedological units and chemicals properties of 2,4-D.
V = Distribution, S = Sorption, D = Decomposition.

1 2 3 4 5 6 7
VSD]VSD|VSD|(VSD|VSD|VSD|VSD
Fabric - - + + + - -
Mineralogical
composition + - + - + + - - + - + - . -
Temperature O++]0++|0+4+|0--|0-~-~]0-=-]0-+
Aeration/
Redox potential O++|0++|0++0--]0--]0+-|04++
Microbial activity - - - - - - -
Organic matter + - + - + - + + + + + + + -
Soil moisture S P E e C P e
pH-value + + =+ + =]+ +=-]0+=-]++-=-|4+-|++-
Geomorphological + _ - .
situation
positive 8(9) | 8 12 4 6 6(7) 7
Total 0 2 2 2 3 2 2 2
negative 8 8(9) 4 11 10(11)| 10 9
Relative buffer-
ing capacity 6 5 7 1 2 3 4
<

or resilience of each unit which is thus defined on the
relative level of an ordinal scale. In a few critical cases
additional information was drawn from the geomor-
phological situation.

The buffering capacities of the 7 geopedological
units with regard to 2,4-D decrease in the form
of the following sequence:

3>1>2>7>6>5>4

A transformation of this ordinal sequence to the level
of a metric scale (i.e. kg/ha) appears possible by
means of adsorption isotherms of the FREUNDLICH
or LANGMUIR types. Their determination must be
based on a comprehensive set of samples such that
the essential requirements of a spatially representative
distribution are met (FRANZLE 1983 b). Also in this
case, however, quantifications can only be made for
specific compounds or elements, respectively, and it
is one of the major tasks to widen the knowledge in
this realm of environmental chemistry. In comparison
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to cationic substances existing knowledge in the
practically very important field of anionic com-
pounds is still regrettably limited because of the
inherent difficulties the example chosen was to
illustrate. But the greater is the challenge.

2.4 Possibilities of pedological and environmental
chemical interpretations of geomorphological
maps

In view of the preceding evaluation the question
arises to which extent detailed geomorphological
maps of the GMK 25 type permit analogous interpre-
tation. While the answer is almost trivial with respect
to the morphographic, morphometric and petrogra-
phic informations which can easily be combined in
the way described other relevant facts can only be
deduced by means of specific interpretation techni-
ques. BARSCH & MAUSBACHER (1980) and
MAUSBACHER (1983) demonstrated the possibili-
ties with respect to soil erodibility, field capacity and



other elements of the moisture regime in a conclusive
way. FRANZLE (1982 c) discussed ways to predict
the potential distribution of environmental chemicals
in terms of the filtering and buffering capacities of
soils and sediments.

Several comparative analyses of the soil distribu-
tion in the area covered by the GMK 25 sheet 8,
1826 Bordesholm (FRANZLE 1981) and in adjacent
regions (KNEIB 1979, MUTERT 1978) showed that
quite limited a number of precise pedo-regional levés
in representative sites or site complexes, respective-
ly, allow to define the relevant pedogenetic factors

and corresponding pedofunctions with a sufficient
amount of accuracy. On such a basis it is then well
possible to produce reliable soil maps in a compa-
ratively speedy way if additional areal information
is available, e.g. in the form of detailed geomor-
phological maps. But even in the ‘worse case that
large-scale soil maps are lacking the geopedolo-
gically oriented interpretation of the relevant petro-
graphic, granulometric and morphographic informa-
tions of geomorphological maps yields approxi-
mate, but nevertheless valuable insights into the
filtering and buffering capacities of soils and sedi-
ments,
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Berliner Geogr. Abh., Heft 39: 49-60, Berlin 1985.

Geomorphic interpretation of the Geomorphological Map
of the Federal Republic of Germany (GMK 25)

with 7 Figures and 1 Table

DIETRICH BARSCH

A b s tra c t: During the last years the discussion of
the GMK 25 has been focussed on the importance of
these geomorphological maps for other earth sciences
and for planning purposes. In the present paper the
importance of the data and information documented
in now 17 sheets of the GMK 25 for our proper
science will be demonstrated by a few examples.
It can be concluded that the geomorphological
observations displayed on these maps are of great
help in order to check a geomorphological hypo-
thesis or in order to enlarge the number of examples
for a new theory.

Die geomorphologische Interpretation der Geomor-
phologischen Karte der Bundesrepublik Deutschland
(GMK 25)

Kurzfassun g: Neben der Bedeutung der geo-
morphologischen Karte 1 : 25 000 der Bundesrepu-
blik Deutschland fir Nachbarwissenschaften und
Praxis ist das wissenschaftliche Gewicht des GMK 25
Kartenwerkes fir das eigene Fachgebiet weniger
diskutiert worden. An einigen Beispielen wird gezeigt,
daB in den jetzt vorliegenden 17 Karten der GMK 25
ein groBer Informationsgehalt liegt. Der in den ver-
schiedenen Blittern dokumentierte Schatz an geo-

Contents

Introduction

Statistic evaluation

. Interpretation examples
3.1 Fluvial geomorphology
3.2 Coastal geomorphology

bl N

morphologischen Beobachtungen ist noch nicht an-
deutungsweise ausgeschépft worden. Diese Fiille an
Beobachtungen kann einmal zur Uberpriifung von
neuen Hypothesen, zum anderen zur Erweiterung
der neuen Theorien zugrunde gelegten Fakten dienen.

L’interpretation géomorphologique de la Carte
Géomorphologique 1 : 25 000 de la République
Fédérale d’Allemagne (GMK 25)

R é s u m é: Pendant les années passées la discussion
était centrée a I'importance de la carte géomorpholo-
gique détaillée pour les autres sciences de la terre et
pour I'aménagement du territoire. Un peu négligé
était le fait que la carte géomorphologique détaillée a
aussi une grande importance pour notre propre
science, la géomorphologie. Par quelques exemples
il est démonstré que dans les 17 cartes géomorpho-
logiques de la GMK 25 déja publiées il y a beaucoup
d’informations pour des autres géomorphologues.
Spécialement pour vérifier une hypothése géomor-
phologique ou pour agrandir le base des observations
géomorphologiques les cartes géomorphologiques
détaillées de types GMK 25 peuvent étre d’une
grande importance.

3.3 Cuestas and periglacial talus

3.4 Fluvial histary

3.5 Relief development at the western edge of the
Rheingraben

4. Conclusion

5. References

1. Introduction

At midsommer 1985 17-examples of the GMK 25
(BARSCH & LIEDTKE 1980) will have been printed
(Tab. 1 and Fig. 1). They comprise very different

geomorphic regions of the Federal Republic of
Germany, Central Europe. In addition, our method
has been sucessfully applied in other areas; for
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instance in northern Ellesmere Island (MAUSBA-

CHER 1981), in southern Italy (SEILER 1982) or in

southern France (FARRENKOPF, submitted).

Up to now most of the discussion has been concen-

trated — on the method established,

— on possibilities using our legend in other geomor-
phic regions

— and on the possible use of the informations and
data displayed in these maps by other geoscien-

But our project has expecially been started as a
challenge for the development of geomorphology, our
proper science. Besides the standardization of geo-
morphic terminology and a new systematic collection
of field data the program aimed at an objective
display of geomorphic information on maps
(BARSCH 1976). Therefore, it seems also important
to discuss the geomorphic interpretation of these
maps; that is the use of these data and information by

ces and by planners.

other geomorphologists.

Table 1: The geomorphological Map (GMK 25) of the Federal Republic of Germany.

GMK GMK TK 25  Relief Land Author printed
Nr. Name Nr.
1 Borhéved 1927 Weichselian endmoraine Schleswig-Holstein J.W. Scheel 1978
on the North German plain
2 Wetter 5018 Mountaineous relief in Hessen J. Gehrenkemper 1978
Bunter sandstone K. Méller
G. Stiblein
3 Mannheim-Nordost 6417 Alluvial plain in the Rhein- Baden-Wiirttemberg ~ D. Barsch 1979
graben R. Miusbacher
4 Wehr 8313 Mesas and valleys at the sou- Baden-Wiirttemberg ~ H. Leser 1979
thern rim of the Black Forest
5 Damme 3415 Saale moraines on the North Niedersachsen P.U. Galbas 1980
German Plain P.M. Klecker
H. Liedtke
6 Bad Iburg 3814 Plains and cuestas in Westfalia ~ Nordrhein-Westfalen L. Hempel 1981
7 Salzhemmendorf 3923 Hogbacks and cuestas in the Niedersachsen F. Lehmeier 1981
Weser Mountains
8 Bordesholm 1826 Weichselian moraines on the Schleswig-Holstein O. Frinzle 1981
North German plain B. u. W. Haase
9 Méssingen 7520 Cuestas and mesas in southern =~ Baden-Wiirttemberg ~ H. Leser 1982
Germany
10 Wangerooge 2213 Tidal flats and islands in Eastern Niedersachsen J. Ehlers 1982
Frisia H. Mensching
11 Bingen 6013 Southern part of the Rheinische Rheinland-Pfalz W. Andres 1983
Schiefergebirge and the middle O. Kandler
Rhein Valley J. Preuss
12 Edenkoben 6714 Mountains and foothills at the ~ Rheinland-Pfalz G. Hshl 1983
Western rim of the Rheingraben I. Dorrer
13 Berlin-Zehlendorf 3545 Weichselian Moraines at the Berlin H.J. Pachur 1983
North German Plain G. Schulz
14 Oberstaufen 8426 Alpine Relief Bayern H. Dongus 1983
15 Saarburg 6305 Fluvial terraces Rheinland-Pfalz M. Miiller 1984
16 Kénigssee 8443 Alpine relief Bayern K. Fischer 1984
17 Bad Sooden-Allen- 4725 Mountaineous terrain Hessen K. Méller 1984
dorf G. Stiblein
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2. Statistical evaluation

In a special effort coordinated by Professor VINKEN
(Hannover) and sponsored by the Deutsche For-
schungsgemeinschaft (German Research Founda-
tion, Bonn) most geosciences are trying to develop
digital maps. The geomorphological maps already
published can be used as a first approach for a digital
geomorphic base map (BARSCH & STABLEIN
1978, BARSCH & SCHUSTER 1981). That is, their
scientific content as well as their terminology will
give the main structure for the new data bank.
Naturally, the data bank or the digital geomorphic
base map will contain more data and informations
concerning the relief and the geomorphic processes

than the geomorphological map 1 : 25 000 (GMK 25)
itself.

On the other hand, the different sheets of the GMK
25 contain already a plurality of information which
can be digitised and treated statistically. A number of
interesting results is possible regarding the relations
between slope angle and present-day geomorphic
processes, between substrate and slope stability etc.
.A broad field of exciting applications is thinkable; it
shall not be discussed here, because this paper is con-
centrated on some examples of a direct geomorphic
interpretation of the GMK 25.

3. Interpretation examples

3.1 Fluvial geomorphology

On sheet 3 Mannheim-Nordost (BARSCH & MAUS-
BACHER 1979) the late Wiirmian bed of the Neckar
river has been mapped (Fig. 2). There are still more
than 15 km of meanders and former oxbow lakes
formed more than 10 000 years ago. According
to BARSCH & MAUSBACHER the basal peat has
a l"C—age of 11 000 years. This demonstrates that
in the Rheingraben in those days the late glacial
rivers were no longer braided but meandering.

As it is known in fluvial geomorphology, the shape
of the river bed allows some calculations regarding
the meander geometry. The meander radius of this
old Neckar river bed varies between 0,5 and 0,7 km,
the meander length between 2 and 2,5 km.

Despite the fact that most parts of the meander
problem is still only qualitatively solved some for-
mula are existing which are supposed to be of certain
validity. According to ZELLER (1967, MANGELS-
DORF & SCHEUERMANN 1970:139ff) the follow-
ing equation normally fits well:

Iy = Ky - Q%
lpg @ length of meander (m)
K, : coefficient {varies between 50 and 65)
Q: bankfull discharge (m*s™)
C; : coefficient (ca. 0,5)

Solving the equation for Q (with C; =0,5):

Q=1 —
K,
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Assuming the boundary conditions for K; (50 and
65) to be correct Q amounts to:

1500m3 s <Q<2500m?s!

According to the published cross profiles (position
given in the map) a bankfull discharge of 1 500 to
2 500 m® s! had to have a flow velocity of 1,2
to2ms’,a pretty realistic value.

Today the mean flood discharge of the Neckar is
around 1 200 m®s!, whereas the maximum flood
discharge has been calculated to be 2 500 m3s™
(30.10.1824) at Rockenau 61,4 km above the mouth
of the river (KELLER 1979). These discharge values
are difficult to compare; assuming a bankfull dis-
charge once a year the mean flood discharge was
higher, perhaps partly considerable higher, during the
late Wiirm than today.

The area discussed could be a place or could be at
least one example for starting a study on late Wiirm
fluvial discharge. A comparable example for glaciflu-
vial discharge from a decaying inlandeis can be found
on sheet 1 (Bornhéved) of the GMK 25 (Fig. 3).
There, the box shaped valley of the Tensfelder Au has
been formed as a meltwater channel, which was cut in
a well developed outwash plain. This outwash plain
was built up during the main advances of the last gla-
ciation.

3.2 Coastal geomorhpology

On sheet 10 of the GMK 25 (EHLERS & MEN-
SCHING 1982) one example of the East Frisian
string of islands has been mapped (Fig. 4). It is situ-
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Fig. 3: Meltwater channel in the Tensfelder Au (from: GMK 25 Blatt 1, Bornhéved).
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ated at the edge of the tidal flat towards the North
Sea. Between the marshland of the mainland and the
island Wangerooge two great systems of subsea chan-
nels are developed. Twice a day the seawater streams
in- and outward through these channels. Their geo-
metry may be a base for a calculation of the sediment
balance in this area.

The island itself is formed by dike protected marsh-
lands and by a chain of old dunes. Seaward there
are - especially at the northeast coast - broad sand
flats, where during low water deflation occurs and
from which sand is blown towards the island. The
whole system is slowly shifting towards the east,
which causes a number of problems (EHLERS &
MENSCHING 1982).

3.3 Cuestas and periglacial talus

In the southeast quadrangle of sheet 9 M&ssingen of
the GMK 25 (LESER 1982) the Malm (upper Jura)
cuesta has been mapped (Fig. 5). The cuesta front
slope (limestone) is about 30-50 m high and normally
steeper than 35°. Like in the Swiss Jura (BARSCH
1969) these slopes are only slightly (* 30-50 cm)
or not at all covered by talus, probably of periglacial
origin.

The socle material of the cuesta (Jurassic marls
and clays) is not directly exposed. It is covered
by Pleistocene periglacial talus. In the upper part
of the socle slope (15-35°) the talus is relatively
thick and forms a true talus slope which normally
masks the contact between the limestone and the
marls. In the lower parts of the socle slope (ca.
7-15°) the displacement of talus and marls by soli-
fluction becomes more and more important for
the form of the slope. The present slope seems to
be stable under the present day climatic conditions.
There are no indications for active geomorphic
processes like landsliding, rill or sheet erosion. That
is, the mapped slope profile has to be interpreted
as a periglacial one. It may be used as an example

for periglacial slope profiles in southern Germany,
which have been only slightly changed during the
Holocene and which display the famous periglacial
concave slope profile (BARSCH 1983).

3.4 Fluvial history

On sheet 11 Bingen of the GMK 25 (ANDRES,
KANDLER &PREUSS 1983) the Rhine enters the
Rheinische Schiefergebirge, a mountaineous threshold
blocking the south to north flowing river (Fig. 6).
Today a western tributary, the Nahe river, joins the
main stream just inside the mountains. The Rochus-
berg, which divides the two rivers, has been separated
by a narrow gorge from the Rheinische Schiefer-
gebirge.

The situation seems paradoxical because towards the
south the Rheingraben displays a suitable ground for
the two rivers to join. This demonstrates that the
junction of both rivers is older than the uplift of the
Rheinische Schiefergebirge. It is a place where the
antecedence of Rhine and Nahe is proven by the
relief.

3.5 Relief development at the western edge of the
Rheingraben.

At the latitude of Karlsruhe the Rheingraben is
bordered by the Pfilzer Wald. The main fault divides
the Bunter Sandstone (to the West) from younger
rocks. On sheet 12 Edenkoben of the GMK 25(HOHL
& DORRER 1983) the foothills are sloping from the
foot of the Pfilzer Wald towards the Rhine (Fig. 7).
The upper parts are supposed to be denudational;
they are limited by steeper, periglacially formed
slopes, which mark the step to the lower, mostly loess
covered slopes. These upper parts give the impression
of pediments, as demonstrated by STABLEIN
(1968). The GMK 25 Edenkoben displays the geo-
metry of these features, which must have been
formed under other climatic conditions than today.

4. Conclusion

The hitherto published examples of the GMK 25
are not covering huge areas; nevertheless, they dis-
play quite a number of informations expecially on
the geometry of the discussed forms. These infor-
mations can and shall be of use for other geomor-
phologists; they can furnish an enlargement of his
own field data. Furthermore, they allow an easy

check of a new hypothesis or a new model or they
can be used as additional examples in teaching
geomorphology.

The examples given are just a crude, first step, but
they demonstrate the possibilities of a broader use
of geomorphological maps in our science proper.



Fig. 5: Malm cuesta near Mossingen (from: GMK 25 Blatt 9, Méssingen).
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Legend of the geomorphological map 1 : 25 000 (GMK 25)
— fifth version in the GMK priority program of the
Deutsche Forschungsgemeinschaft —

HARTMUT LESER & GERHARD STABLEIN

With translations in French by HENRI VOGT,
in Spanish by ELENA MARIA ABRAHAM DE VAZQUEZ and
in Russian by JAROMIR DEMEK.

Ab stract: The legend for the detailed geomorpho-
logical mapping in large scale, which was agreed upon
as the standardized basic concept for the GMK

priority program is presented here with translations.
The ten year program 1976-1986 was sponsored and
financed by the German Research Society (DFG).

On the basis of several discussion papers and prelimi-
nary versions the so-called “green legend” was the
guideline for field surveys on 35 sheets of the official
topographical map of the Federal Republic of Ger-
many. The legend operates on a building-block-prin-
ciple free to modifications and additions in adapta-
tion to the special regional geomorphological features
and has proved applicable to all relief types in Central
Europe from the coasts to the Alps.

Contents:

0. Introduction

Geomorphography and Geomorphometry

- formal relief characteristics -

Slope angles of areal relief elements
Axes of curved slope and crest segments
Curvature of hillocks and depressions
Steps and breaks of slope

Valleys and small drainageways

Singular landforms, minor landforms and
roughness

7.  Forms and traces of processes

A A

Substrata at the surface and in a shallow depth
(Geomorphostructure)
- substantial relief characteristics -

Kurzfassun g: Die Legende zur geomorpholo-
gischen Detailkartierung in groBem MaBstab, die als
einheitliches Grundkonzept fir das GMK-Schwer-
punktprogramm vereinbart wurde, wird hier mit
Ubersetzungen dargestellt. Das 10-Jahres-Programm
1976-1986 wurde unterstiitzt und finanziert durch
die Deutsche Forschungsgemeinschaft (DFG).

Auf der Basis mehrerer Diskussionspapiere und Ver-
sionen war die sogenannte Griine Legende” Richt-
linie fiir Feldkartierungen auf 35 Blittern der amt-
lichen topographischen Karte der Bundesrepublik
Deutschland. Die Legende ist nach einem Baukasten-
prinzip erstellt, frei fir Modifikationen und Ergin-
zungen fiir die Anpassung an die speziellen regionalen
geomorphologischen Gegebenheiten. Die Legende
hat sich von den Kiisten bis zu den Alpen fiir alle
Relieftypen in Mitteleuropa als anwendbar erwiesen.

8.  Material

9.  Bedding characteristics of unconsolidated
materials

10. Layering of subsurface material

11. Surface rocks

Geomorphodynamics and Geomorphogenesis

- genetic-dynamic relief characteristics -

12. Geomorphic processes

13. Areas of geomorphic structures and processes
14. Hydrography

Supplements and situation
- areal and topographic relief characteristics -

15. Supplementary informations
16. Topographic situation and position
17. References
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0. Introduction

The legend for the geomorphological map 1 : 25 000
(= GMK) of the Federal Republic of Germany was
developed in a fundamental discussion and agreement
of a working group in which many geomorphologists
of Geographical University Institutes took part
(BARSCH 1976, LESER 1976, STABLEIN 1980).
The legend was the standardized basic concept for
the GMK priority project. It was a ten year program
from 1976-1986, and was sponsored and financed
by the German Research Society (= DFG) (BARSCH
& LIEDTKE 1980, BARSCH & STABLEIN 1982,
LIEDTKE 1984, LESER 1985). A first discussion
concept was published in 1973 (GOBEL, LESER &
STABLEIN 1973). From this first version of the le-
gend the so-called “green legend” as a second varied
edition was worked out and edited together with de-
tailed instructions for geomorphological mapping
(LESER & STABLEIN 1975). In some supplements
results and comments on experience with mapping
and conception of the legend are published (STAB-
LEIN 1978, BARSCH & LIEDTKE 1980, BARSCH
& STABLEIN 1982).

The following fifth version of the general legend in-
cludes the alterations and additions, which were
necessary in the regional application. The basic con-
ception and the classifications into main classes,
categories and rubrics serving also to arrange num-
bering of particular positions within the main rubrics
has partly changed according to additions. Equally
the cartographic transformation of the individual
sheets implies the numbering of the main rubrics
only; the various subpositions are numbered conse-
cutively, i.e. differently for each sheet. Several po-
sitions of the legend are only occasional descriptions,
used in mapping only for regional or local purposes.

The conception of the legend is based on the buil-
ding-block-principle”. This allows to outline nume-
rous different complex features composed by indi-
vidual signatures. The elements of the legend serve
to describe in a complex way the analytic detail
information concerning the relief, with a maximum
of factual and graphical precision and showing a
multi-dimensional decompositon. To this end the
signatures are selected and combined according
to local conditions. The single different elements

62

and properties of habitual, substantial, structural,
genetic-dynamic and positional relief description can
be identified separately from the map.

The geomorphological conditions (geomorphography
and geomorphometry) are described by graphical
decomposition of the relief forms into their relief
elements with a basic extent of more than 100 m
in diameter. Owing to this fact a quantified des-
cription of more complex, bigger forms is possible.
It is not necessary to represent them by synthetic
symbols but only to compose them by analytic sig-
natures. Basic extent (B) means the largest outline
diameter of the relief forms, respectively relief
elements; regarding the relief forms and relief ele-
ments of large longitudinal extension, e.g. terraces
or valleys, the width, not the length of the outline
is relevant. The basic extent is being measured up
to the lateral delimited lines for the axis of curva-
ture.

The ’substratum” of the subsoil close to the surface
(geomorphostructure) is listed up substantially and
genetically as an autochthon and allochthon solid
and non-solid rock, normally from 50 cm in exception
from 20 cm thickness of layers up to a depth of
100 cm beneath the surface. The extension area
(B greater than 100 m) is described in a two-dimen-
sional way. In special cases smaller areas and local
field findings can be shown in the map, too. If im-
portant for determination and explanation of the
forms the deeper underground can be described by
similar methods of representation as the surface
rock is described, clearly marked as bedrocks in the
individual map legend.

The geomorphodynamic and geomorphogenic aspects
are represented in the maps by process and structure
areas with the limiting fact of B greater than 100 m.
These areas correspond to the specific predominant
characteristics of the relief due to structural condi-
tions, respectively by effects of process groups. The
distinguished process groups are typical complexes
of several processes. The individual geomorphologic
processes are described only selectively where in-
herent forms cannot be reproduced due to measure
reasons.
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16. Topographic situation and position

Topographic situation and position is given by the
grey print of the topographic map 1 : 25 000 with
the Gauss-Kriiger map grid. The topographic map base

is to be corrected by geomorphological mapping with
respect to the drainage net and the signs concerning
breaks of slopes.
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