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Abstract. If we follow the opinions expressed by the most recent studies and concerns in the field, but also our own
observations accumulated during our career, we find that in the last two decades the geomorphological mapping as a
scientific discipline came under a shadow cone. The reasons are several, but we selected two in particular: (1) the
geomorphological mapping is an expensive and time-consuming activity and (2) the geomorphological mapping has
focused more on themes and applications than on complex maps with a holistic approach. It is surprising that the
decline of the geomorphological mapping coincides with the powerful development of GIS techniques; the
geomorphological maps based on the traditional mapping began to be overlooked in exchange for opportunities to
combine with the GIS database.
In this paper we propose to draw attention to the fact that by neglecting the mapping of the lanforms it happened to
arrive to mediocre mapping achievements pompously titled geomorphological maps. Even if the maps are using the
traditional method of symbolic representation of landforms, or software of the GIS platform, the result shows that there
isn’t a knowledge of the methodological norms for the preparation of geomorphological maps. We usually learn them
during the university training. We have several examples in this regard.
In the second part of the work we plan to offer a model of geomorphological mapping using the modern techniques
we have today, but with a very careful observance of the criteria for mapping the landforms. We will try to give an
answer to the question whether the GIS software platform is feasible for constructing a general geomorphological map.
For this we will present a practical application on a sector of the Putna valley from Vrancea county. The final comments
and discussions on applications will help in finding the most appropriate graphic expression of the distribution of
landforms, so that the geomorphological mapping could be widely used by young researchers.
Key words: mapping concepts, geomorphological legends, general geomorphological map, GIS

1. Introduction
The maps are fundamental components of the
geographical investigation. Their importance was
recognized long time ago if we remember the old
Chinese proverb: „a map is worth a thousand
words”. As the information presented on a map
becomes complex we need much words to render
the spatial variety in which a geographic
phenomenon can appear. The usage of the map
eliminates
this
drawback,
especially
for
geomorphology where, as we will see, the spatial
distribution of landforms must involve many
attributes, so the final picture appears even more
complicated.
For over one hundred years geomorphological
maps were used to illustrate the spatial distribution
of landforms and geomorphological processes, the
relief mapping method being the touchstone of any
geomorphologist. We would have expected that,
under the old Chinese proverb quoted above, the
geomorphological maps and the geomorphological
Revista de geomorfologie

mapping method to get a development justified by
the enormous progresses made in the modern
techniques domain (of collecting information on the
ground, of sending it far away, to create much more
attractive maps, which should be easier to read by
users). Or, if we follow the scientific productions
abroad and here, at least for the past 20 years, we
note with great regret that the geomorphological
map was almost eliminated from the concerns of
geomorphologic researchers, whether incumbents or
start-ups. Perhaps the most obvious trend of this
phenomenon is observed in developed doctoral
works (which we watched ourselves in the last two
decades in Romania); young people who get a
doctorate in geography with a thesis in
geomorphology are very reluctant (with some
exceptions)
in
the
development
of
geomorphological maps for their areas of
investigation. This phenomenon creates much
concern for the fate of our field, knowing that the
basic method by which the fundamental objective of
geomorphology is the mapping of the landforms.
vol. 13, 2011, pp. 19-39
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The reasons for which the geomorphological
mapping as a scientific discipline had relatively
modest results in the last 20 years appears to have
an economic nature: the detailed geomorphological
mapping is an expensive and time consuming
activity (Gustavsson et al., 2006). The result was
that many scientists have focused on the elaboration
of thematic maps with maps that are immediately
applicable and they neglected the complex maps
with holistic approach. Other authors, by contrast,
believe that the use of maps and the
geomorphological mapping are subject to an intense
process of rebirth (Vitek et al., 1996) due to the
emergence of new computer-assisted techniques.
It is surprising, however, that the
geomorphological mapping process has not kept
pace with the strong development of GIS
techniques, for they neglected the new possibilities
resulting of combining a GIS database with the
traditional geomorphological legend based on the
field mapping of landforms. It seems that here, as
we shall see in subsequent chapters, the
geomorphological experts have lost the pace of
development imposed by GIS experts to investigate
land. The production of maps in which the relief is
the central object is made by specialists in other
areas who have no relation to geomorphology (van
Wasten et al., 2003). That does not mean that their
quality is adequate.
Surprised ourselves by this situation, we tried to
make our contribution since 2007 (Rădoane,
Rădoane) to the invigoration of Romanian
researchers’ interest in geomorphological mapping,
resulting in a positive signal in the specialty
literature. Earlier concerns of real value (Posea,
2008) have been republished, new contributions for
GIS applications for the geomorphological map
have been brought (Mihai et al., 2008; Niacşu,
2009; Condurachi, in press).
In the same spirit, we have proposed in this
paper to continue the efforts to increase interest
from specialists for geomorphological mapping, but
also from different categories of users, suggesting a
brief scan of the evolution of this research method
and to finally explore a modern way of mapping the
land using GIS techniques. The structure of such an
approach is the following: a) showing the evolution
of the relief mapping concepts, b) discussing a
geomorphological legend that can be applied in the
context of GIS platform, c) own geomorphological
mapping applications in GIS system.

2. Evolution of concepts of landforms mapping
The history of geomorphological maps has been
extensively presented in several papers published

recently (Posea, Cioaca, 2003; Gustavsson, 2005;
Gustavsson et al., 2006; Posea, 2008, Mihai et al,
2008; Finkl et al., 2008). In addition to these
surveys, we made ourselves a referential of the
geomorphological mapping with emphasis on the
development of the geomorphological legend in
Romania (Martiniuc, Băcăuanu, 1963; Martiniuc,
1971; Ungureanu, 1978; Ichim, 1979; Grigore,
1981; Posea, Badea, 1980; Posea et al., 1987;
Popescu, Ielenicz, 2000). These views have been
linked to the major international development in
elaborating the geomorphological legend.
Until the late 1940s the description of a
landform or of a set of landforms was made almost
exclusively by written reports. Because of the lack
of a precisely defined terminology it was extremely
difficult, if not impossible, to make intelligible
comparisons between the works made in different
parts of the world. The so-called “physiographic
maps” that often accompanied these reports were of
limited utility, because they did not result from a
systematic field research and were built to illustrate
the author’s conclusions (St-Onge, 1964).
It is surprising that the idea of building a
mapping system to allow accurate comparisons did
not come too soon. It seems that this occurred after
the Second World War, when the requirements of
planners, agronomists, civil and industrial engineers
and others have required insistently a precise
instrument of knowledge and assessment of relief.
The topographic maps were the first maps
which provided information about relief. From their
analysis we can obtain much information about the
size and extension of landforms, but less on their
genesis, stage of development, relations with the
geological structure and the slope deposits. The first
truly geomorphological map was presented by
Passarge (1914) in Morphological Atlas in scale 1:
50 000 (cit. in Enciclopedy of Geomorphology,
1968) with information on slope, valleys shape,
petrography and types of relief. Only at UIG
Congress (International Union of Geography) in
1956 was set up a special commission to develop
the geomorphological map and in 1968 was
prepared a unified mapping system (known as the
Unified Key) for detailed geomorphological
mapping. To this project collaborated an important
number of specialists from several countries, and
the result was published in 1972 in Brno (Demek et
al., 1972).
Despite all these efforts, so far were not
accepted a form, content or cartographic symbols to
make maps being compared, even when it comes to
the same area. Instead, we note that we arrived to
the recognition of common principles which should
underpin the geomorphological map. One of them is
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as follows: the geomorphological map must
restore the appearance of landforms (M), their
genesis (G) and age (A). Nicolae Popp greatly
sensed this need since 1936: “A map is actually the
morphological graphic translation of a particular
concept. It is worth only as much as this concept is
worth” that Klimaşevski (1960, 1982, 1990)
concretized as follows: “The geomorphological
map should inform on the distribution of landforms
in terms of size, origin and age. It must include
morphographical, morphometric, morphogenetic
and morphochronological information” (p. 267).
The acceptance of a fundamental principle of
the geomorphological map by most scientists
eventually resulted in a quasi-accepted legend
(Demek et al, 1972) and in an impressive cartographic
production for many regions of the Globe.
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2.1. International geomorphological mapping
The manner in which each one carries out the
geomorphological mapping, specifically, on the
map, is still very different. To illustrate the
situation, we decided to follow the evolution of the
most popular systems of legends and how they
illustrate the principle Morphometry-Genesis-Age
(MGA) stated above. The contribution of the
geomorphological mapping schools was briefly
mentioned by Posea and Cioaca (2003) in which
more or less, they also referred to the principle of
MGA.
On our part, we chose to emphasize the
manner in which each of the important
geomorphological mapping schools used the
principle of MGA or variants of it (Table 1).

Table 1. The way in which was interpreted and applied the principle Morphometry-Genesis-Age for the geomorphological detailed
map (scales 1:10000 - 1:50000) by the major schools of geomorphological mapping (processing according to St-Onge, 1964).
Geomorphological
legend name
Russian legend

Representative
authors
Başenina et al.
(1960)

Czechoslovakian

Geographical

legend (or Czech

Institute of the

and Slovak legend)

Academy of Sciences
in Prague (1963)

Polish legend

Geographical
Institute of the
Academy of Sciences
in Krakow
(1950, 1952, 1963)

French legend

Center for Applied
Geomorphology in
Strasbourg (1962)

Belgian legend

Gullentops (1964)

Unified legend

Demek et al. (1972)

(Unified Key)

Description
The general background given by grayscale representing lithology (L).
Geomorphological map focuses on the genesis (G) and age (A), and neglects the
morphometry.
Geomorphological maps are very attractive, but difficult to read because of the
legend complexity (500 symbols), of overlapping colors, of the variety of shades.
Value reduced from of practical point of view.
Principle: LGA
The legend is based on the genetic classification.
Landforms grouped in 4 large chapters: structural, denudational, accumulative and
anthropogenic
Genesis = by colour
Age = indices over colours
Morphometric information is missing.
Principle: GA
Polish have created the most attractive, clear and easy to read geomorphological
maps
Background: shades of colour for 3 values of slope (below 4°, 4 - 20°, over 20°)
(M)
Age: by colour only three periods: Neogene, Pleistocene, Holocene (A)
Genesis: by symbols with different colors (G)
There is no reference to the lithological information
Principle: MGA
The background is given by lithology by colours (L)
Genesis - symbols overlaid on lithological colours (G)
Age of the relief - by colours of the symbols on 8 classes from “Neocene” so far
(A)
The morphometric information is missing.
Maps difficult to read because the symbols colours overlap with those of lithology
Principle: LGA
Slopes = by shades of different intensities according to the slope value (M)
Genesis = colour of the symbols (G)
Age = intensity shades of the same colour (A)
Lithology of forms of sedimentary origin = points of different sizes (L)
These maps are difficult to achieve by conventional techniques
but are feasible in modern techniques
Principle: MGAL
Genesis = colour of the symbols (G)
Slopes = shades of gray (M)
Age = symbols (A)
Principle: GMV
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From this summary we note that all major
international contributions are concerned to respect
a fundamental principle of the geomorphological
map, accepted by the scientific community since
1968, namely, Morphometry (M), Genesis (G) and
Age (A). There are, however, slight variations on
this theme, namely, some legends also include the
presentation of lithology (the Belgian legend) or
they replace the morphology with the lithology (the
Russian and French legends) or they drop out the
two entities, retaining only the genesis and age (the
Czechoslovakian legend ). The Polish Legend was
estimated at that time (St-Onge, 1964) to be the
origin of the most expressive, more attractive and
clear geomorphological maps.
Special attention should be paid to the unified
legend (Demek et al., 1972) which managed to
combine around a clear concept the complexity of
the landforms and now it forms the basis for the
geomorphological legend in GIS system. Thus, the
main emphasis is put in the legend on
morphogenesis, expressed by ten colours (red,
brown, purple, pink, yellow, ultramarine, black,
grey and blue). The various landforms are
represented by 353 symbols. The genesis of the
landforms is grouped into three categories
representing the endogenous processes 13
categories representing the exogenous processes.
Red is reserved for endogenous forms, black for the

biogenic/ anthropogenic ones, grey for the contour
lines and slope classes, blue for surface water and
river system. The remaining colours describe
different exogenous erosion and depositional forms.
To describe the landforms with complex genesis
can be used two colours, one of them as the base
colour to indicate the initial origin and the second
one by symbols indicating the subsequent
transformations of the form of relief. The slopes are
divided into six categories of gradients (0 - 2°, 2 5°, 5 - 15°, 15 - 35°, 35 - 55° and > 55°). For
indicating the age of landforms a black-letter code
was used. In conclusion, it is the only legend among
the discussed ones in which the order of
presentation of the three fundamental elements on
the geomorphological map starts with Genesis, then
Morphology and Age. This element is to emphasize
because in the geomorphological map that we
created using GIS system it will be the dominant
principle.
2.2. Geomorphological mapping at national level
In Romania, the concerns for the geomorphological
legend and map were synchronous with the events
at the international level. The most important
achievements are presented in chronological order
in a summary table (Table 2).

Table 2. The main achievements in Romanian geomorphological mapping
Cartographic
achievement

Source

Description

1960
Geomorphological
map of Romania
1:1000000

Geographical
Monography
(1960)
Authors: P.Coteţ et
al.

General Background = structure and lithology by colours and shades (L)
Age = geomorphological complexes by colour tints and shades (A)
Genesis = left on the second plan, described in the legend box and by a few symbols
distinguished by colours (G) (Fig. 1)
The background of the map is given by layered morphogenetic surfaces and slopes (M)
Age = by colours (A)
Genesis = symbols by different colours (G)
The sample of the map produced by the authors stresses the inclined and plane
surfaces differentiated by age and passes in second plan the genesis of landforms.
(Fig. 2)
The map emphasizes the morphography and morphometry
Morphometry = rendered by colour hues according to the relief steps (M)
Age = specified in the main titles of the legend in accordance with the large
morphographical units (A)
Genesis = is put in the background, almost neglected (G) (Fig. 3).

1964
The first
geomorphological
legend elaborated
in Romania
Scale 1:50000

G. Posea, N.
Popescu (1964)

1976
Geomorphological
map of Romania
1:1000000

Institute of
Geography of the
Romanian
Academy

1971-1978
Detailed
geomorphological
legend
1:50000; 1:25000

C. Martiniuc
(unpublished), I.
Ungureanu (1978)
Processing after
Klimaşevski (1965)

Genesis of the relief by 306 symbols grouped by colour
Geomorphological maps made by Ichim et al (1976), Ichim (1979) were based on
this legend

L. Badea (coord)

The general background of the map is given by geodeclivity (M)
Type of superficial deposits by shades (L)
Genesis of the relief - more than 220 symbols by separated colours (G)
Age of the relief is not specified
The resulting maps are difficult to read, structural and lithological shades are
mistaken for these of fragmentation; symbols of the morphographical categories are
mistaken for the genetic symbols

1976-1987
Geomorphological
map of Romania
1:200000

Geomorphological Mapping. Evolution and Trends

1976
General
geomorphological
map 1:50000

I.Ichim
N. Rădoane
M. Rădoane

1979
General
geomorphological
map
1:50000

I.Ichim

1980
Geomorphological
map of Romania
1:400000

G. Posea, L. Badea

2000
General
geomorphological
map
1:50000

N. Popescu, M.
Ielenicz
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Structural and lithological categories (general background of the map) - 15 symbols (L)
Geodeclivity – arrows with the slope value (M)
Genesis - by 108 symbols (G)
Age - by letters and numbers (A)
The resulting maps (sheets Piatra Neamt and Gheorgheni) are expressive, but quite
hard to read because of the lack of colours (Fig. 4)
Geodeclivity = four categories of slopes (the general background of the map) by
shades of colour (M)
Genesis of the relief = symbols of different colours (G), chronologically grouped (A)
The resulting map (Stânişoara Mountains) in 8 colours is expressive, easy to read.
The concept of the map is closest to the MGA principle of the Polish legend (Fig. 5)
The authors declare themselves followers of the MGA principle by outlining the
exact area of expansion of different types of morphogenetic surfaces or by
conventional signs, all grouped on categories of agents and age.
Morphology = contours (M)
Morphogenesis = delimitation of morphogenetic (G), flat or inclined surfaces,
dominated by a particular agent and a certain age (A).
Note. Too much subjectivity in assessing the genesis and age of a surface which is
typically polygenetic.
The legend is dominated by the same concept of morphogenetic areas (Posea,
Popescu, 1964). MGA principle is abandoned, focusing almost exclusively on the
genesis of landforms.
Note. The slopes are generically presented with colour hues for three categories of
slopes. With colour hues are also presented other landforms that come into the
category of slopes considered for slants (terminal glacis of slopes, rises etc.) which
leads to confusion, because two different shades of colour cannot be combined. (Fig. 6)

The first geomorphological map of Romania
is elaborated by a group of geographers, lead by
Coteţ (fig. 1), within The Geographical Monograph
of Romania (1960). Deeply influenced by the
Russian experience, the map is dominated by the
structural and lithological element. On this
background the relief units are separated by colour
shades and hatchings. The genetic part of the relief

is left in secondary plan, being vaguely described in
the legend box or by sketchy symbols in different
colours (Lithology-Age-Genesis principle). This
characterization does not diminish the importance
of the first relief map of Romania. Made in scale 1:
1500000, it is a valuable building and pioneering
for the Romanian geomorphology and, for us, for
the geomorphological mapping.

Fig. 1. Extract from the geomorphological map of Romania, scale 1: 1 500 000
(Coteţ, 1960)(other comments in Table 2)
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Fig. 2. Extract from the general geomorphological map, 1:50 000
(Posea, Popescu, 1964) (other comments in Table 2)

In 1964 was published the first general
geomorphological legend in Romania (Posea,
Popescu, 1964) (Fig. 2). Emphasis is placed on
outlining
the
landforms
as
multi-stage
morphogenetic surfaces (as horizontal and nearhorizontal surfaces) and as inclined surfaces
(slopes), all geo-chronologically separated. Over
them are overlapping signs rendering different

genetic forms of relief represented at the map scale.
In addition, the map also contains some significant
contours. Regarding the principles underlying the
geomorphological map, we can estimate that the
two authors have focused on morphology (by
identifying the flat and inclined surfaces and
contours), then age and only thirdly the genesis
(MGA principle).

Fig. 3. Extract from the geomorphological map of Romania, scale 1: 1 000 000
(Institute of Geography, 1976) (other comments in Table 2)
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Between 1972-1978, a team of geomorphologists
from the Institute of Geography of the Romanian
Academy, led by Lucian Badea, develop The
geomorphological map of Romania in a scale of
1:1000000 (Fig. 3). The general background of the
relief map is given by the morphometry of the relief
by colour shades depending on the altitude of relief
steps (M). In the legend are described then the
membership of each altitudinal floor to the tectonic,
structural and lithological complex (L). As regards
the genesis of landforms, the problem is expressed
briefly in the legend (G), and the age, only in the
main chapters of the legend (A). Thus, the chosen
principle is MLGA. It is interesting to note that if
we overlap the areas of the identified major
landforms on a map (1960) and on the other one
(1978), even if they were developed on different
driving forces, they coincide to a very large extent.
This coincidence has often been maliciously
commented in scientific meetings at that time (I
Ichim, personal communication).
However, the concerns about this research area
were particularly effervescent in all centres where
were activating geomorphologists, universities,
institutes and research stations. In the period 19711978 in Iasi, C. Martiniuc (1971, manuscript), Irina
Ungureanu (1978) have developed the detailed
geomorphological legend in which the fundamental
principle is the genesis of the relief represented by
306 symbols. In fact, the developed legend is an
adaptation of the Polish legend of Klimaşewski
(1963). The authors have not developed maps based
on this legend, but Martiniuc’s students have used it
in their works (Ichim et al., 1976 – fig. 4; Ichim,
1979). The geomorphologic map of Stânişoara
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Mountains (Ichim, 1979) (Fig. 5) currently remains
a model of clarity, logic and professionalism in
Romanian geomorphological mapping. Built in 8
colors, it is expressive, easy to read and complies
with the MGA principle of the Polish legend.
Between 1976 and 1987, L. Badea coordinated
an
ambitious
program to
develop the
geomorphological map of Romania in a scale of
1:200 000 after a legend that combines the
geodeclivity (M), the type of surface deposits (L),
the genesis of relief by 220 symbols (G) and
without age specification. The map sheets have not
come to be published because of high costs, of
technical difficulties in reproduction of colours,
shades, symbols (many of them overlapping), etc.
Analysing a few sheets for the eastern part of
Romania in the manuscript stage, we could see that,
overall, that map is unclear, difficult to read and
less attractive to the drawing techniques of the
1980s.
In 1980 is published the Geomorphological map
of Romania on a scale of 1:400 000. The concept
map is based on the geomorphological legend
elaborated by Posea and Popescu (1964) on the socalled “principle of surface types”, regarded
according to the genesis and separated by age.
These areas represent the general background of the
map on which they are overlaid, by symbols,
subsequent, minor forms, genetically differentiated.
By this, the authors declare themselves as advocates
of the MGA principle by exactly outlining the area
of expansion of different types of morphogenetic
surfaces or by conventional signs, all grouped by
agents category and age.
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Fig. 4. Extraits from the general geomorphological map scale 1: 50 000, sheets Gheorgheni and
Piatra Neamţ made in black and white according to Martiniuc legend (1971)
(Ichim, Rădoane, Rădoane, 1976 - manuscript).

Fig. 5. Extract from the general geomorphological map of Stânişoara Mountains (Ichim, 1979)

In the same concept of surface types appears
The general geomorphological map at a scale of
1:50 000 (Popescu, 2000). In its construction (for
example, the Victoria sheet) (Fig. 6), they give up
the MGA principle stated by Posea and Popescu
(1964), although it largely uses the same legend. On
the map there are many confusions, for example, the

slopes are generically given colour hues for three
categories of slopes. Other landforms are also
presented by shades of colour which, according to
the slope values specified in the legend fall within
the category of slopes (terminal glacis of slopes,
rises, etc.). This gives rise to doubts and
misunderstandings between the legend and the map.

Geomorphological Mapping. Evolution and Trends

27

Fig. 6. Extract from the general geomorphological map, 1: 50 000, Victoria sheet (Popescu, 2000)

This completes the review of the main mapping
developments in geomorphology in Romania. In the
last decade we have not noted concerns for the
general geomorphological map, many authors
preferring the pragmatic approach in this area,
namely, the production of maps for a specific
purpose. A popular example in this respect is the
hazard and geomorphological risk maps that focus
only on those processes responsible for the hazards
in a particular region (Keinholz, 1978; Bălteanu et
al, 1989; Cioaca et al., 1993; Grecu, 2002, Mihai,
Sandric, 2004; Armas, 2006; Mihai et al, 2010;
Bălteanu et al, 2010).
However, since 2006 there is a shy concern,
especially from the young geomorphologists
(Condurachi, 2006; Mihai et al, 2008), of
elaborating the geomorphological map in GIS
system, in close relationship with relevant
international events. But this phenomenon will be
discussed in the next chapter.

3. Is GIS a solution for geomorphological
mapping?
From the international and national history of
development of geomorphological maps we can
clearly retain the general observation on the
difficulty in manually achieving such works and
how they gradually dropped from the construction
of general geomorphological in favour of the
applicative maps. With the development of the

software and of the various applications in GIS of
the 90s we passed, as was natural, to an increased
interest in the representation of landforms
distribution using this platform (Evans, 1990). So
far, GIS applications referred to many areas where
the landforms items have been in the spotlight, such
as: mapping landforms (Jakobsen, 2003; Vasiliniuc,
Ursu, 2008); analysis of slopes and natural hazard
zoning (Dai Lee, 2002; Otto, Dikau, 2004;
Voiculescu, 2009; Bălteanu et al., 2010); ordering
the relief of remote sensing data in combination
with the Digital Terrain Model (Bocco et al., 2001;
Patriche, 2004; Gaspar et al, 2004 ). All these
applications contain a consistent geomorphological
database, especially on the morphometry of the
territory and which was assembled in GIS system.
Instead, it does not manifest a clear project to create
a GIS database containing structured information on
morphometry/morphography, genesis and age of the
relief. Moreover, the geomorphological experts
have difficulties in formulating their knowledge in
the decision rules necessary in GIS based
modelling. An analysis in this regard was made by
Van Westen et al (2003) on the implementation of
maps of landslide susceptibility. Thus, it appears
that GIS experts have to make decisions in the
absence of geomorphologic knowledge about
processes
and
types
of
landslides.
If
geomorphologic experts would fill this gap, the
accuracy of maps of susceptibility to natural
hazards made in GIS system would increase from
52% to 76% and that only by adding information on
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detailed geomorphologic maps (Van Westen et al.,
2003). Unfortunately, the geomorphologic mapping
systems based on symbols can not be easily used in
GIS because they must be converted to classified
polygons before digitization. If conversion rules
developed by experts would exist, then the
information on the traditional geomorphologic maps
could be transferred into GIS databases,
geomorphologically functional. For this should exist
the equal sign between the geomorphologist and the
GIS expert.
The person who explicitly proposed such a
mission is a Swedish author who along with his
team, have a remarkable activity in this regard
(Gustavsson, 2005; Gustavsson et al, 2006; 2008;
Gustavsson, Kolstrup, 2009). A fairly detailed
presentation of the results of the Swedish team was
made in Rădoane, Rădoane (2007) and we do not
come back here. In the same paper we recalled the
main Romanian achievements until now of the
geomorphologic map in GIS system.
From the achievements of these authors we
conclude that when designing a new mapping
system using GIS should be chosen one of the
principles of classical geomorphologic legends. We
have already seen that all revolve around themes:
morphometry/morphography – genesis – age –
lithology (MGAL). Choosing the combination of
information that must be presented on the
geomorphologic map depends not only on the
author’s subjectivity, but also by the specific of the
region to be mapped. For example, a region where
dominate the slopes and the slant of slopes controls
the stability of the deposits and the degree of
activity of mass movements, obviously we can
choose a combination MGA or GMA focusing on
land form and slope. For such a region, depending
on the map scale and, adding the lithology, would
make the map difficult enough to read. Conversely,
for a region where prevail the alluvial plains, the
plains of all types, flat surfaces we can choose
LGAM, the resulting map would be quite “light” to
also stand the information on the geological
substrate.
In GIS system many of these shortcomings can
be overcome by the fact that a geomorphologic map
supports behind it, any information we think is
necessary (rock, vegetation, soil, ground water, etc.)
and need not be shown on the map, but only in its
annexes (rather related to the power of computer
and its resources) and on which we can make the
mixes we want to explain a phenomenon.
In conclusion, the answer to the rhetorical
question at the beginning of this chapter is strongly
affirmative: the GIS software platform is a solution

for
the
geomorphologic
map
if
the
geomorphologists themselves are ready to access it.
The
theoretical
knowledge
base
of
a
geomorphologist and the education he has for the
identification on ground of forms and processes are
of great necessity to enrich the GIS software
platform for GIS experts, the condition being that
the geomorphologic experts are quite familiar with
the computer principles of GIS software.
The answer to this observation is in the new
trends now manifested in higher geographical
education where young geographers are bound to
attend at least one course in GIS or, at a higher
level, they can attend the courses of a master in this
field. Same goes for a doctoral specialization. Thus,
we believe that at least at the level of the young
generation, geomorphologists are prepared for
expertise both in geomorphology and in GIS
software platform and all this for the sake of
scientific knowledge and proper resolution of many
practical problems.

4. Applications of GIS-based geomorphologic
mapping
In this section of the paper we will present the steps
we followed to achieve the general geomorphologic
map using GIS techniques. All documentation done
up to this point has the capacity to order, simplify
and confer value to its own enterprise in achieving
such an objective. From the documentary we have
to remember some guidelines of elaborating the
general geomorphologic map we list below
(Verstappen, 1970; Klimaszewski, 1982):
(1) Field research in conjunction with the
analysis of aerophotograms are the recommended
instruments for the geomorphologic mapping;
(2) Mapping at scales between 1: 10,000 and 1:
100,000 appropriately represents the relief and its
features;
(3) Mapping should include all aspects of the
relief, respectively morphography, morphometry,
morphogenesis and morphochronology, thus we
will understand the past, present and future of the
relief evolution;
(4) Colour and symbols are used to convey
information through the map;
(5) The chronological order of evolution of the
landforms must be determined and depicted on the
map and in the legend;
(6) Lithology should be incorporated into
mapping units as far as possible;
(7) Map legend must be arranged in the genetic
and chronological order;
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(8) Detailed geomorphologic maps are essential
for the future development of geomorphology.
In accordance with the foregoing information,
the first task that we performed was to determine
which legend is best suited for mapping the relief of
Romania and which principles to follow in building
the map. From the long list of various legends
presented in the previous chapters and comments
attached to them we considered that:

4.1. Genesis of landforms
is the most important feature to be represented on a
general geomorphologic map. This requires
symbols and colours.

Colour
is best captured by the human eye and therefore
it is used by almost all the legends for rendering the
genesis of the landforms. The list of colours
represented in Table 3 is simplified to basic colours
(11) to be easily identified by the human eye. The
colours are ordered on the genetic criterion of
landforms, including the agent, the process and the
age. For each colour we also indicated the RGB
codes to precisely indicate the shade used. We
mention that some legends have proposed a large
number of colours, for example. Klimaszewski
(1965) has not less than 69 colours and shades to
represent the genesis, the process (for construction
or destruction) and the age of landforms. Their
identification on the geomorphologic map leaves
place to much confusion.

Table 3. The colours proposed for the geomorphologic map in a 1:25 000 scale published in GIS system
(in accordance with the international scale of colours of the geomorphologic legend).
Landforms

Agent

Process

Age

(A) Tectonics
(B) Volcanic
(C) Structural

Endogenous forces
Exogenous forces
(gravitation)

Constructive
Distructive

Tertiary
Pleistocene
Holocene

(D) Denudational,
(E) Riverdenudational

Gravitation and
water

Distructive
Constructive

Paleogene
Neogene
Pleistocene
Holocene

(F) Karstic
(G) Sufozional

Surface water,
groundwater

Distructiv/solutie
Constructiv

(H) River

Flowing water

Distructive
Constructive

(I) River-glacial

Pro- and
underglacial
flowing water

Distructive
Constructive

(J) Marine, lacustrine

Lacustrine and
marine water

Distructive
Constructive

(K) Glacial

Glaciers

Distructive
Constructive

(L) Periglacial

Freeze-melting,
snow

Distructiv
Constructiv

(M) Aeolians

Wind

Distructiv
Constructiv

(N) Biogene

Plants, animals

(O) Anthropic

Man

Distructive
Constructive
Distructive
Constructive

Symbols
are the most common way to genetically
describe a landform and to generalize too small
landforms to be mapped to the scale. Symbols are
drawn as to suggest as close as possible the
appearance of these landforms. For example, the

Colour

RGB codes

Red

254,0,0

Brown

127,51,35

Dark orange

251 ,149,1

Green

0,153,0

Olive

148,151,0

Dark
turquoise blue

0,168,255

Pleistocene
Holocene

Violet fuchsia

204,0,205

Pleistocene
Holocene

Light violet

255,201,253

Pleistocene
Holocene

Dark yellow

254,180,3

Kaki mustard

173,129,3

Black

0,0,0

Tertiary
Pleistocene
Holocene
Tertiary
Neogene
Pleistocene
Holocene
Pleistocene
Holocene
Pleistocene
Holocene

Holocene
Holocene

lines are used to indicate the rivers, faults, or
boundaries between different geomorphologic units,
the shade patterns are used to describe the lithology
of landforms (eg, a structural plateau on limestone
or sandstone is represented by such shade models).
A problem with these shade models is when they

30

Maria RĂDOANE, Ionuţ CRISTEA, Nicolae RĂDOANE

are drawn in too powerful and too bold colours,
because they tend to dominate the other information
on the map. An example of this is the general
geomorphologic map Posea, Popescu (1964) (Fig.
2) where the shades being too bold representing
“morphogenetic flat surfaces” leave completely in
shadow “ the morphogenetic inclined surfaces” for
which are used signs that are less bold. On the other
hand, shade patterns are welcome when rendering a
geomorphologic map in black and white (a good
example is the maps Ichim et al, 1976, Piatra Neamt
and Gheorgheni sheets, 1:50 000).

The symbols used by us (Table 4) are adapted
from the list of symbols published by Klimaszewski
(1963) and processed and adapted by Martiniuc
(1978, manuscript) for the relief of Romania. In this
case are presented here only 203 symbols, from a
list of over 400. Symbols can be created by each
author which maps a region and identifies the
landforms that are not counted in this list. The
problem is to follow the colour that gives the
genetic background of that shape.

Table 4. Simplified symbols for The geomorphologic map in GIS system
(adapted with a focus on Romania’s relief after Klimaszewski (ed), 1963 and Martiniuc, 1978, manuscript)
Name and description

Colour

Symbol

b) sandstone

Landforms due to endogenous forces
c) quartzite
A. Tectonic and structural forms
1. Steep slopes of rent:
a) highly fragmented
b) weakly fragmented
c) abrupt on charriage cloth
2.Symmetric anticline peak

d) igneous rocks

1a
1b

e) crystalline rocks

a) limestone, dolomite
b) sandstone

2
c) quartzite

3
d) igneous rocks
4.Sinclinal valley

4
5. Combe, anticlinal
buttonhole

5

6. Diapiric dome

6
7. Limits of regions of
recent lifting

7
8. Limits of regions of
recent dive

8

16. Surface of structural
terraces (the geological fund
is listed as 24a-e
17. a –d.
Consequent valleys,
Reconsequent valleys,
Subsequent valleys,
Obsequent valleys
B. Volcanic forms
18.Crater frame:

b) cuartit

14d
14e

15a
15b
15c
15d
16
17a,b
17c,d

a) weakly modified

18a

9. Fragments of structural surfaces on substratum of:
a) gresie

14c

15. Monoclinal ridges consisting of:

1c

3.Assymetric anticlinal peak

14b

b) strongly modified

9a
10b

18b

19. Caldera frame
a) weakly modified

19a
c) calcar, dolomit

11c

b) strongly modified

12d

20. Volcanic plateaus
covered by blocks

13e

14. Ridges (increase) of resistance (hogback), consisting of:

21. Rests of the slopes of the
cone

a) limestone, dolomite

22. Parasitic cones

d) marls
e) igneous rocks

19b

14a

20
21
22

31

Geomorphological Mapping. Evolution and Trends

23. Neck
24. Dyke

23
24

25. Barancos

25

b) limestone, dolomit

38b

c) metamorphic rocks

38c
d) volcanic rocks

39d
40. Small residual forms:

26.Lava columns
27. Crack with mofette

26

a) stone "mushrooms"

27

b) stone « needles »

28

c) stone « fortress »

29

d) stone bridge (natural
bridge)

40a
40b

28. Crack with hot spring
29. Cave in lava
30. Mud volcanoes

30

40c
40d

e) residual blocks
overcrowding

40e

Landforms caused by exogenous forces
f) pyramid of earth
C.Denudational landforms
31. Initial sculptural
surfaces

g) oscillating stone

31

32. Degraded sculptural
surfaces

32

33. Fragments of exhumed
sculptural surfaces

33

34. Fragment of active
pediment

34

34. Fragment of inactive
pediment

b) old

34

b) narrow and rocky
c) narrow and rounded
36. Forms of large mountain peaks:
a)sharp and rocky, needles,
towers
b) conical
c) rounded

35a
35b

a) recent
b) old

40a
40b

41a
41b

42. Cornices and slopes of slide in weak rocks:
a) recent
b) old

42a
42b

43. Cracks open above the
sliding cornices

43

36a
44. Slope with creep terraces

36b
45. Extinguished slidings

36c
46. Active slidings

36d
37. Small peaks, in hard rocks or weak rocks:

b) rounded

40h

41. Cornices and slopes of slide in hard rocks:

35c

d) dome-shaped

a) conical

40g

40. Cornices and slopes of subsidence and collapse:
a) recent

35. Ridges of intersection of the slopes:
a) narrow and sharp (in the
rock)

h) erratic blocks

40f

47. Rotational slidings

37a
37b

48. Translational slidings

44
45
46
47
48

49. Mud flows

49

38. Saddle

38
39. Residual forms and their slopes:

50. Consequent sliding
51. Insequent sliding

a) sandstone

38a

50
51
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52. Asequent sliding

52

53. Masses of detritus

53

54.Trains of detritus

54

55. Cone of detritus
D. River-denudational landforms
56. Elementary valleys
a) with profile in V
b) with trapezoidal profile
c) with asymmetric profile
57. Areas with diffuse
erosion

75. Scarp of terraces and of
alluvial cones:
a.carved in hard rock
1.well maintained 2. poorly
maintained
b. carved in alluvial or
colluvial materials
1.well maintained 2. poorly
maintained

55

76. River erosion surface

a.

56
c.

b.

a) boulders
b) gravel

60. ”Canyon” in loess,
suffosional valley
61. Proluvial cone
62. Glacis
63. Denudation glacis
64. Colluvial glacis
E. Fluvial landforms
65. Riverbed of permanent
rivers, in hard rock: 1-large,
2 - medium, 3 - small;
66. Riverbed of permanent
rivers, in deposits of mud: 1large, 2 - medium, 3 - small;
67. Riverbed of temporary
rivers, in hard rock: 1-large,
2 - medium, 3 - small;
68. Riverbed of temporary
rivers, in deposits of mud: 1large, 2 - medium, 3 - small;
69. Abandoned courses and
branches carved in hard
rock, recent and deep, with
water; old, dried
70. Abandoned courses and
branches carved in deposits
of mud or colluvial
materials, recent and deep,
with water; old, dried
71. Thresholds in thalweg
a) thresholds (cataracts):
(top) on large rivers
(bottom) on small streams
b) waterfalls: (top) on large
rivers (bottom) on small
streams

77b
77c
77d

78. Terrace tops made of:

59

a) boulders

60
b) gravel

61
c) sand

62
d) clay and loam

63

79. Alluvial cones made of:

64

a) coarse materials (blocks,
boulders)
b) medium materials (gravel)

65

c) fine materials (sand,
banks)

78a
78b
78c
78d

79a
79b
79c

66
80. Rises

80d
67

81. The delta, consisting of:

68

a) gravel
b) sand

69

c) silt, clay

70

71a

81a
81b
81c
82

83. Islands, bars, gravel
banks

83

84. Islands, bars, sand banks
85. Islands, bars, composed
of fine materials covered by
vegetation

71b

81

82. Natural levee deposits
from the Delta which
advance into the sea

84
85

72
86. River leeves

74. Valley in quays or in
canyon

77a

58

72. Marls
73. Suspended valley step

76

57

d) clay and loam
59. Badlands

75b

77. Floodplains, consisting of

c) sand
58. Path, ravine

75a

73
74

86

87. Abandoned meander leeves:
a) hard rock

87a
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H. Suffosion landforms

b) crumbly rock
88. Epigensis witness

87b

110. Suffosion depressions

88

111. Suffosion valley:
a) close (blind); b) open

F. Fluvio-glacial landforms

112. Suffosion clough and
canyon

89. Erosion witness from a
bottom moraine

89

I. Glacial landforms
116. Roches muttones with
the direction of travel of the
glacier

90. Fluvio-glacial dejection cones, consisting of:
a) gravel

110
111
112

116

90a
117. Glacial striations
b) sand

90b

118. Polished and grooved
surface

91. Glacio-lacustrine plain
G. Karst landforms

120

93. Fields of diaclaze clints

121. Subglacial step

93

121

94. Sinkhole

122. Transfluence saddle

94

123
124. Glacial under-digging
cap

96

97. Uvala

125. Generally glacial
moraine (glacial-fluvial
deposits)
H. Periglacial landforms

97

98. Polye
a.small
b.large, upholstered with
gravel, sand, silt, clay and
rock in place

98a

126. Nivation microdepression field
127. Nivation niches and
circus: a)active; b)inactive

98b
99. Karstic wells

128. Antislope scar
(”gravitation crevasses”)

99

125

126
127
128
129

100
130. Avalanche corridor

101. Bluff

130

101
131. Avalanche niches

102. Cave

102

103. Karst niche

103

104. Valley slopes in quays
(a) or canyon (karst) (b)

132

133. Surface modelled by
gelifraction

133

134. Stone circles (rings)

107
135. Anthilles grass field

106. Karst spur

106
107
a

136. Crioplanation area

b

108.Hum: a) small; b) large

108
109

131

132. Slope funnel formed by
solifloxion

104

105. Blinf valley slopes

109. Travertine stairs

124

129. Nivation saddle

100. Karst bridge or tunnel

107. Karst tower: a) small;
b) large

122

123. Latch (Verrou)

95

96. Collapse sinkhole

119

120. Glacial valley shoulders

92

95. Field of sinkholes

118

119. Glacial lakes:
a) properly maintained,
b) degraded

91

92. Clints and clints field

117

134
135
136

137. Rocky cryogenic steep :
a) active; b) inactive

137

138. Rocky cryogenic steep
covered by detritus:
a) active, b) inactive

138
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163. Active rocky cliffs
consisting of:
a. sandstone
b. quartzite
c. limestone
d. dolomite
e. igneous rocks
f. crystalline schists
g. clay schists, marl
h. unconsolidated rocks

139. Crioplanation terraces

139
140. Cryogenous witnesses
141. Cryogenic small valley,
gelifraction colour
142. Nival horseshoes
143. Glacis cu rhytmic
stratification
144. Slope with lobes
(terraces) of solifluxion
145. Stone garlands

146. Block flows
147. Stone glaciers

140
141
142

165. Abrasion niches: a)
isolated b) in strings
166. Abrasion caves:
a)active; b)inactive, inactive,
suspended
167. Isolated ciffs, witnesses
of abrasion and denudation

143
144
145
146
147

148. Stone field: a)active;
b)inactive
149. Mobile blocks

164. Head, promontorium

148
149

151. Small residual
corrosion forms
(mushrooms, sphinxes,
taphonated rocks etc)
152. Deflation niches

153. Mobile sand field

150

170. Beach consisting of:
a. blocks
b. gravel (buckets)
c. sand
d. silt and clay
e. waste rock
f. shells bench
g. organic bedspread
h. with beach cuvettes,
water sometimes
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152
153

171.Micro-depressions with
a reduced depth, with water

154

155. Nebka

155
156. Surface with pits of
uprooting the trees (the line
indicates wind direction)

156

157. Loess blankets, on an
old relief

157

172. Marine or lacustrine
emerged reservoir surfaces
a. with sand
b. with clay
c. with peat
d. with salt crusts
e. with gypsum crusts

158. Shoreline

175.Micro-depression
stretched between the coastal
cords
K. Biogenic landforms

161. Coastal material
transport direction
162. Cliffs: a) active, b)
abandoned.

167

169

170

171

172

173
174. Coastal « arrow»

160. Actual attack wave
direction

166

173.Coastal cords

J. Marine and lacustrine landforms

159.Dominant coastal
currents, with morphological
effect

165

168
169. Coastal belt attacked by
abrasion

154. Small irregular dune
field: a) active, b) inactive

164

168. Abrasion platform
a.active
b. inactive (rocks terrace)
c. with residual witnesses
d. with abrasion cracks
e. with an organic blanket
f. sand covered
g. gravel covered
h. blocks covered

I. Aeolian landforms
150. Corrosion and deflation
surface

163

158
159

176.Floating peat

160
161

162

177.Flat peat, peat swamp
178.Curved peat
179.Animal paths

174
175

176
177
178
179
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180.Field with hills made by
animals
L. Anthropic landforms
181. Careers in
unconsolidated material,
including coal mining: a)
running b) deserted
182.Quarries or minerals
career: a) running b)
deserted
183.Mine well
184. Field of abandoned
quarries
185. Large cuttings for
roads, railways and canals
186. Small cuttings for
roads, railways, canals
187.Artificial step
188.Agroterraces

189. Canals
190.Conical heaps

180

192. Tabular heaps

192
193. Ponds of decantation

193
181
194.Dams

194
182

195.High embankments for
roads or railways

183

196. Small embankments
and dikes

184

197. Banks, large dams and
embankments to protect
shoreline

195
196
197

185
198. Costal of fluvial jetties

198

186
199.Mound anthropogenic

200

187
188

200.Remodeled
anthropogenic surface

200

201.Settlements

201

189
190

202. Coastal salt mine

202

191. Elongated heaps

191

4.2. Morphometry (quantitative description of the
relief)/morphography (qualitative description of
the relief)

On the geomorphologic maps until now these
elements are represented as classes of slope and
contours. In GIS system the scanned topographic
and geo-referenced map is the base map for the
geomorphologic mapping, so that information on
the contour and slope gradients is included from the
beginning. The submission of this information on
the final geomorphologic map can be made by
drawing contours using grey; by creating areas with
shades of the same colour with certain values of
slope (for slope classes - unified Legend, 1972;
Ichim, 1979 or depending on the purpose for a
certain region); contours and arrows pointing in the
direction of the slope, and on the arrow is indicated
the value of the slope in degrees, using black
(Gustavsson, 2005). The discontinuities on the
slope, the small ripples on the slope are shown by
symbols in the colour of that morphogenetic
process. In this way the map is no longer filled with
subdivisions of slope in different colours and which
would charge it too much.

4.3. Age
This is entered on the map with codes of letters in
black (table 5), following the geological time scale
(Haq model, 2006, published by Elsevier). Other
authors combine the age with the type of rocks
using colour coded letters with the colour of the
exposed geological layer (Gustavsson, 2005).
4.4. Lithology
is divided into hard rocks and unconsolidated
materials. In the Gustavsson model (2005), the type
of rock in situ is shown by letters, their age by
colours (according to the geologic standard), and
the unconsolidated rocks with symbols and shades.
By the combination of the three can be represented
a variety of field situations. From our point of view,
adding lithology on the general geomorphological
map (especially if we analyze a mountainous area
and we use a scale 1: 50,000 or 1: 25 000) hides the
genetic message to be send by the map with priority.
Exceptions are those areas where quaternary rocks
would dominate and the geodeclivity would be
reduced. It would be better to create a separate layer
with the geological composition containing both the
qualitative and quantitative information needed to
genetically explain landforms.
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Table 5. Geologic time scale and codes of letters and digits
Geological period
Precambrian
Cambrian
Paleozoic
Ordovician
Silurian
Devonian
Carboniferous
Permian
Triasic
Jurassic
Cretaceous (inferior, medium, superior)
Paleocene
Eocene
Oligocene
Inferior, medium, superior miocene
Sarmatian

Pliocene (Pl)

Quaternary (Q)

Meotian
Pontian
Dacian
Romanian
Pleistocene
Holocene

Fig. 7. Extract
from the general
geomorphologic
map of Putna
valley, Vrancea,
generated by
combining GMA,
using GIS
platform
(legend is conform
to Table 4)

Buglovian
Volhinian
Basarabiasn
Kersonian

Inf.
Medium
Superior

Code
Pc
Cb
Pz
O
S
D
C
P
T
J
K (K1, K2, K3)
Pg1
Pg2
Pg3
M1, M2, M3
Bg
Vh
Bs
Ks
m
p
dc
rm
Qp1
Qp2
Qp3
Qh
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5. Discussion and conclusions
This paper emphasizes the importance of
geomorphological mapping for geomorphologists,
in order to improve the relief details on all maps.
The main issues discussed in previous studies on
geomorphologic mapping were concerned with the
nature of the geomorphological legend. Even if a
100 years old history of geomorphological mapping
exists, the scientific community still doesn’t use a
common legend. However, during the ‘60s and
‘70s, a large number of geomorphologists accepted
the following principle “the geomorphological map
must provide information on landforms distribution,
considering their dimension, origin and age. It
must contain morphographic, morphometric,
morphogenetic
and
morphochronologic
information”. This definition has led to the quasiaccepted unified legend (Demek et al., 1972),
which has been used in an impressive number of
cartographic products in many regions on Earth.
A generalized collapse of geomorphological
mapping occurred in 90’s, following the
development of GIS techniques. A rapid increase of
spatial representations emerged, but less attention
was paid to genetic types of relief. The cause were,
on one hand, the “delay” of geomorphologists to
learn the new computer skills; and, on the other
hand, the difficulty to adopt in GIS the symbolbased geomorphological legends.
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Beginning
with
the
early
2000s,
geomorphologists started to „speak a common
language” with GIS experts, so that a GIS-based
geomorphologic map became feasible. Our team is
part of this tendency; however the project we have
developed respects the legends of the classical
geomorphologic
map
(GMA
Genesis,
Morphology, Age, MGA - Morphology, Genesis,
Age or MGAL - Morphology, Genesis, Age,
Lithology). The results will further be improved,
following the increase of our own GIS applications,
but also by using work done by other authors.
In conclusion, we present the main guiding
lines for GIS-based geomorphologic map
development (similar for the classical ones, as
well):
1. Geomorphologic maps must be based on field
mapping.
2. The map must offer a global vision of the relief,
including physiography, morphometry, genesis
and age.
3. Based on scale, investigated area and interest of
the researcher, a geomorphologic map should
also include lithology (with special symbols).
4. The legend must be arranged in both genetic
and chronologic order.
5. Detailed geomorphologic maps (1:10.000) are
essential for the future development of
geomorphology.
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