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Floodplains — Links between Countries and Landscapes
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Abstract

The primary function of floodplains remains to be to
ensure the safe passage of flood waves. As flood control
problems are serious along some river sections, this also
requires international cooperation. In landscape ecology,
floodplains perform two related functions: they are
riparian buffer zones (vital for maintaining river water
quality) on the one hand and ecological corridors
(ensuring connectivity and high biodiversity) on the other.
Floodplain wetlands play an important part of the
ecological integrity of riverine ecosystems as they
fundamentally influence the ecological status of adjacent
water bodies. It is all the more important since along most
of its length the Danube crosses densely inhabited areas
with intensive agriculture, large-scale industries and well-
developed communication networks. Consequently,
environmental pressure on the active and protected
floodplains is of considerable extent and sharp conflicts
arise between different land use types. Land use types
promoting the fulfilment of the riparian buffer zone
function must have priority. Unfortunately, only restricted
sections of the Danubian floodplain are retained in
seminatural conditions. In the Danube catchment 80% of
the former wetlands are now disconnected and cannot
fulfil their nature conservation role. The national
NATURA 2000 networks are so much dependent on
seminatural riparian ecosystems that they cannot be
efficient without floodplain restoration measures.
Predictable climate change tendencies (increasing drought
liability) are also a threat to the survival of floodplains as
ecological corridors. Remediation efforts are necessary
along extensive floodplain sections and better connectivity
is identified as an important target. According to the
Danube River Basin District Management Plan (ICPDR
2009, p. 76):’The ICPDR’s basin-wide vision is that
floodplains/wetlands in the entire DRBD are re-connected
and restored. The integrated function of these riverine
systems ensures the development of self-sustaining
aquatic populations, flood protection and reduction of
pollution in the DRBD.”

Keywords: floodplain, flood hazard, riparian corridor,
Danube.

Rezumat. Luncile — legaturi intre tari si peisaje

Functia primara a luncilor rdméane aceea de a asigura
trecerea in conditii de sigurantd a undelor de viitura.
Deoarece problemele legate de controlul inundatiilor sunt
grave de-a lungul unor sectoare de rauri, acest fapt
necesita de asemenea cooperare internationala. in ecologia
peisajului, luncile indeplinesc doud functii care sunt
relationate: acestea sunt zone tampon riverane (vitale
pentru mentinerea calitatii apei raurilor), pe de o parte, si
coridoare ecologice (asigurdnd conectivitate si 0 mare
biodiversitate), pe de alta parte. Zonele umede ale luncilor
joaca un rol important 1n integritatea ecologica a
ecosistemelor fluviale deoarece acestea influenteaza
fundamental starea ecologica a corpurilor de apa
adiacente. Este cu atat mai important deoarece pe intreaga
lungime a Dunarii, aceasta stribate zone dens locuite cu
agriculturd intensiva, industrii pe scara larga si retele de
comunicare bine dezvoltate. Prin urmare, presiunea
mediului asupra luncilor active si protejate este de
proportii considerabile si apar neconcordante mari Tntre
diferite tipuri de utilizare a terenurilor. Tipurile de utilizare
a terenurilor care promoveaza indeplinirea functiei de zona
tampon riverana, trebuie sa aiba prioritate. Din pacate, doar
sectoare restranse ale luncii Dunarii sunt pastrate In conditii
seminaturale. In bazinul Dunirii 80% din fostele zone
umede sunt acum deconectate si nu isi pot indeplini rolul de
conservare a naturii. Retelele nationale NATURA 2000
sunt atdt de dependente de ecosistemele riverane
seminaturale, Tncat nu pot fi eficiente fara masuri de
restaurare a luncii. Tendintele de schimbare climatica
previzibile (cresterea riscului la secetd) sunt de asemenea o
amenintare pentru supravietuirea luncilor ca si coridoare
ecologice. Eforturile de remediere sunt necesare de-a lungul
sectoarelor extinse de lunca si o conectivitate mai buna a
fost identificatd ca un scop important. Conform Planului de
management al Bazinului Fluviului Dunarea (ICPDR 2009,
p.76): ,Viziunea la nivel de bazin a ICPDR este ca
luncile/zonele umede din intregul Bazin Fluvial al Dunarii
sunt re-conectate si restaurate. Functia integratd a acestor
sisteme fluviale asigura dezvoltarea populatiei acvatice care
se auto-sustine, protectia Tmpotriva inundatiilor si reducerea
poludrii in Bazinul Fluvial al Dunarii ”.

Cuvinte-cheie: lunca, risc la inundayii, coridor riveran,
Dunarea.

Copyright © 2011 Forum geografic. S.C.G.P.M 5



Floodplains — Links between Countries and Landscapes

INTRODUCTION

Floodplains are major binding elements between
landscapes of mountainous, hilly or lowland character
ensuring the flow of water, sediment and nutrients
between them. Floodplains can be investigated from
diverse aspects. It is common that the starting point is
a geomorphologic one and the objective is to reveal
landform assemblages, the origin and age of
individual landforms, or the rate of floodplain
sedimentation. Particular importance is attributed to
hydrological studies which are directed to the energy
of flood flows, flood hazard or opportunities for water
storage in floodplains. Research from landscape
ecological viewpoint is inseparable from riparian
vegetation mapping, plant/animal community and
habitat surveys as well as from the estimation of
communities for nature conservation. For the human
utilization of protected floodplains, the potentials for
agriculture, forestry, construction, tourism and game
management have to be evaluated. Finally, landscape
ecological assessments are also concerned with the
nature and degree of floodplain restoration and its
conditions and tasks.

Why do floodplains deserve particular attention
in landscape ecology? In the eastern half of Europe
large-scale farming, the spreading of monoculture
have deteriorated the ecological structure of the
landscape. Landscapes have been impoverished in
landscape elements, which are indispensable in
ensuring connectivity. In addition to their nature
conservation values, the significance of riparian
zones, wetlands and forests, parts of the ecological

Medium-water regulation efforts along the Danube (by L6czy, based on UNESCO 1999

network (Jedicke, 1994), is growing. (In this
respect, not only the floodplains of major rivers but
those along smaller water-courses can be valuable.)

For the human society, floodplains are
important arteries of communication between
countries. Focusing on the main hydrological axis
of the Carpathian Basin, it can be claimed that the
Danube River still has a great potential as an
international navigation route (WWF 2002) and,
similarly, its floodplain is not yet exploited properly
for transportation purposes (VITUKI 2007).
Although even in Roman times the limes, the
eastern boundary of the Empire ran along the right
bank of the Danube over at least 700 km from
Vindobona (today’s Vienna) to Singidunum
(Belgrade) (Visy, 1989), the wide swampy
floodplain was essentially a no man’s land, a hardly
passable natural defense zone between the civilized
and the “barbarian” world. The limes road was built
parallel with the Danube along the margin of the
floodplain, only exceptionally at a distance more
than 3 km from the contemporary active channel.
On the huge alluvial fan the active channels of the
dynamic anastomosing system alternated and
shifted position rapidly. In medieval times a
characteristic ~ floodplain  economy developed.
Besides fishery, it involved forestry, orchards,
grazing and gathering — human activities which
were based on the close interaction between the
river and its floodplain. The end of the 18th century
and the beginning of the 19th saw the first planned
regulation measures (Table 1).

Table 1

. Period of main| Reduction of
Section

activities  |river length (%)

Measures

Upper Danube in

channel straightening, cut-offs, flood-control

Baden- Wiirttemberg 1820-1890 73 dykes, bank stabilization
channel straightening, cut-offs, flood-control

in Bavaria 1826-1867 -15 dykes, bank stabilization, channel deepening by
dredging and explosions

in Austria 1850-1914 ca. -15 by-channel closures, bank stabilization, flood-
control dykes, training walls

. flood-control dykes, by-channel closures, cut-

M'ddle Danube 1871-1914 -18 offs, bank stabilization, groynes, confluence

in Hungary - . .
relocations, protecting walls along urban sections

in Serbia 1894-1977 ca. -10 flood-control dykes, bank stabilization, groynes

Lower Danube

in Romania/Bulgaria no regulation -

only dredging and some bank stabilization, flood-
control dykes

Danube Delta

(Sulina branch) 1860-1901 -30

straightening, dredging, longitudinal structures,
canal building

Flow regulation measures disrupted this
connection but, at the same time, opened the

opportunities for navigation along the Danube and
the intensive agricultural utilization of floodplains

6 Copyright © 2011 Forum geografic. S.C.G.P.M
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protected from floods. Explained by a range of
political and economic reasons, at the dawn of the
industrial age railways and major roads were not
built on the Danubian floodplains. This proved to be
partly an advantage in the 20th century, when the
new concept of nature conservation could primarily
rely on the narrow belts of forests on the active
floodplain constrained between flood-control dykes.
The significant changes in the political systems
of the countries of the Danubian region and their
accession to the European Union opened up new
opportunities for the joint exploitation of the active
and protected floodplains. The elaboration of a long-
term strategy for the development of the Danubian
region, which is also expected to underline the
significance of floodplains, is under way.

DIRECTIONS IN FLOODPLAIN STUDIES

Scientific studies of floodplains are conducted
from a range of starting-points (Léczy et al., 2011)
and the term floodplain is used in different senses.
Hydrologically, a floodplain means the active
floodplain only or the floodway: the strip of land
along the river where inundation can be expected
with some probability. The geomorphological or
genetic floodplain has a much wider extension: it
covers the whole area where a typical landform
assemblage (including point bars, natural levees,
abandoned channels, backswamps etc.) is found.
The mapping of floodplain morphology (Kis and
Loczy, 1985) supports the identification of locations
in the floodplain with the greatest inundation
hazard. The geological floodplain is delimited by
the occurrence of fluvial deposits on both sides of
the river, while in a pedological approach the
presence of fluvisols indicates the floodplain. Since
in physical geographical analyses Geographical
Information Systems are an increasingly commonly
applied tool, it is worthwhile to propose a
topographic floodplain definition: a floodplain is a
flat surface identifiable by an automated procedure
taking advantage of the parameters of curvature and
altitude (L6czy et al., 2011).

In publications on landscape ecology, the term
riparian zone often replaces the floodplain. This
strip of land is usually much narrower than the
genetic floodplain but fulfils buffer and corridor
functions (Bohl, 1986). In the identification of
wetlands hydrophilous vegetation, hydromorphic
soils and characteristic soil conditions are equally
regarded major criteria (Environmental Laboratory
1987). In many countries, increasing attention is
devoted to the legal definition of floodplains. In
Hungary Government Decree 21/2006 mentions the

floodplain of design flood (i.e. the 100-year flood)
as”’high-water channel” and regulates building and
other human activities within its limits. However,
even hydrologists are in problem when they have to
deal with a design flood (Hanko et al., 2003).

Since physical and social influences have been
combined to shape floodplains, a holistic view
(embracing both the active and the protected
floodplain) seems most appropriate in their study.

FLOOD HAZARD

The primary problem of floodplains worldwide
is flood hazard, i.e. their primary function is to
allow the safe passage of flood waves. This had
been often emphasized for large rivers but in recent
decades a re-assessment of flood hazard became
necessary  (Léczy, 2010). The traditional
explanation of floods in the Danube system has to
be modified. Probably as a corollary of climate
change, the flow regime of the Danube and its
tributaries are changing: the threat from ice-jam
floods is decreasing, while the probability of floods
from winter rainfall is increasing, the beginning of
snowmelt is shifting to later dates and often
coincides with spring rainfall periods.

Another sign of the changing assessment of flood
hazard is the increasing attention devoted to floods of
smaller watercourses induced by local cloudbursts. In
recent decades inundations along small rivers (like
the Zagyva, Bddva, and Kapos in Hungary) or even
along minor streams caused considerable damage. In
small hilly catchments with steep slopes the
collection of unsaturated runoff may raise water
levels in streams extremely rapidly and such flash
floods sweep through the narrow floodplains along
channelized beds of low flood conductivity (Czigany
et al., 2010). As a recent example the flood of the
Tolcsva Stream (Tokaj-Eperjes Mountains, NE-
Hungary) can be mentioned. On May 7, 2010, a
hailstorm of 120 mm per day intensity flooded the
stream, which inundated the village of Komldska.
(For further examples see Czigany et al., 2010;
Léczy, 2010.)

With remarkable efforts flood waves are usually
retained within the confines of dykes but the
prolonged high water of rivers causes excess water
inundations over extensive areas of agricultural
land. For instance, on June 7, 2010, the Hungarian
Ministry of Environment and Water Management
announced that — as a consequence of monthly
precipitation above 300 mm in May — 167 000
hectares of land were covered with water. The
entire area could not be drained since then. The
conclusion to be drawn from such weather extremes
is that land use priorities have to be reconsidered by

DOI: 10.5775/fg.2067-4635.2011.001.i
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authorities. In  the previously waterlogged
floodplains crop cultivation and pasturing lands
should be restricted, while in the vicinity of
settlements building permits have to be issued with
utmost care to prevent later damage to houses.

FLOODPLAIN PATTERN AND
BIODIVERSITY

Floodplains are important structural elements of
catchments. The connections are equally manifested
in a longitudinal (between river reaches or between
tributaries and the trunk river), horizontal (slopes-
floodplain-channel) as well as vertical sense
(channel-groundwater) (Ward, 1997). As buffer
zones floodplains reduce the flow of natural or
anthropogenic pollutants from the catchment towards
the channel. The landscape pattern of floodplains is
generally controlled by the geomorphologic
conditions (landform assemblages) and the variations
in habitat due to water availability and soil
formation, while it is often transformed by human
intervention (first of all, flow regulation interrupting
the communication between the active and protected
floodplain zones) (Poole, 2002). (River and
floodplain restoration aims at re-establishing such
connectivity.)

For the longitudinal distribution of aquatic biota,
adjusted to changing resources, the River Continuum
Concept (Vannote et al., 1980) is applied. Along the
upper reaches of a river biodiversity is limited by the
minimum range of temperature, lack of light and
nutrients. Along the lower reaches bed material is
homogeneous, the water is turbid and deficient in
oxygen. Consequently, biodiversity is usually highest
along the middle reaches, where the conditions for
life are optimal from all the mentioned aspects. More
emphasis is put on floodplains in the Flood Pulse
Concept (Junk et al., 1989), which emphasizes
horizontal connectivity. The seasonal floods of more
or less regular occurrence provide the riparian zone
with water and nutrients, the co-existence of aquatic
and terrestrial vegetation and — naturally in function
of the geomorphologic pattern — high biodiversity
(Hughes, 1997).

At the early stages of succession, allogenic
abiotic disturbances (floods, sedimentation) are
major factors in the distribution of pioneer
vegetation, while subsequently, when the mosaical
pattern of the landscape is already stabilized,
autogenic biotic factors (such as competition for
resources) become predominant (Hughes, 1997).
The exceptionally high biodiversity survives even if
human intervention makes abiotic conditions (e.g.
water availability) unfavourable for the natural

Floodplains — Links between Countries and Landscapes

vegetation. Research in the Danubian floodplain
area of the Szigetkéz in NW-Hungary (Szabo,
2004) confirms that only minimum maintenance is
necessary to ensure the ecological corridor function
of floodplains and, thus, species and landscape
diversity. At the same time, this function also has an
unfavourable effect: the dispersion of weeds and
invasive plants takes place along these corridors.

SIGNIFICANCE AND LAND EVALUATION
FOR THE FLOODPLAIN OF THE DANUBE

There are 71 international river basins in
Europe, which cover 54% of the total area of the
continent. On the average more than 10% of the
water used in European countries arrives as river
discharge from neighbouring countries and five
countries draw 75% of their resources from
upstream countries. The drainage basin of the 2860-
km-long Danube is of special significance as the
river crosses ten countries and it is the most
international stream in Europe. To promote its role
as a communication line, sustainable navigation
plans are being elaborated for the various sections
of the Danube. Coordinating efforts in the Danube
basin towards the implementation of the European
Water  Framework  Directive  (WFD), the
International Commission for the Protection of the
Danube River (ICPDR) has prepared a survey of the
impact of human activities and an economic
analysis of water use. The WFD calls for a new
appreciation of floodplain functions and new
priorities in floodplain management.

Natural resources are difficult to evaluate in
monetary terms. In spite of the methodological
difficulties, the first attempt has already been made
to evaluate water and land resources in the
Danubian floodplain (Andreasson-Gren and Groth,
1995). Based primarily on ecosystem productivity
and substitutability, the average economic value of
the Danube floodplains was estimated at EUR 383
per hectare per year. Since the total floodplain area
is about 1.7 million hectares, its value added up to
EUR 650 million every year — at the 1990 course.
Although some ecologically valuable wetlands may
have disappeared in two decades, the value of the
remaining areas must have considerably increased
since then.

As a matter of fact, this estimation does not
include all the potential values of floodplains as
links between landscapes and countries.

8 Copyright © 2011 Forum geografic. S.C.G.P.M
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Abstract

The territory of eastern Serbia is characterized by a
variety of igneous, sedimentary and metamorphic rocks
formed through different paleogeographic developments.
As a result of varied natural conditions, the region is
vulnerable to various geohazards, such as earthquake,
landslide, excessive erosion, flood, rockfall, cave collapse
and subsidence. The occurrence of any geohazard depends
on the intensity of the process causing it. An assessment
of each type of hazard or combination of all hazards is
necessary for this region of Serbia which accommodates
major power-generation, industrial and mining facilities
and has rich mineral resources. Depopulation of eastern
Serbia reduces the ability of local communities to invest in
the hazard control works. This assessment of the
geohazards begins with the reference to the available
seismic maps and proceeds with the research in the
landslide, potential flood and excessive erosion hazards,
then rockfall and rock collapse. Research results suffice to
prepare a generalized geohazard map of eastern Serbia
showing areas vulnerable to particular natural hazards and
to estimate a total area endangered by hazardous
processes. The purpose of this work is to locate and
classify areas of potential hazards on which future
protective actions may be based.

Keywords: geohazard assessment, vulnerable areas,
natural conditions, eastern Serbia

Rezumat. Evaluarea hazardelor geologice in
Serbia de Est

Teritoriul din estul Serbiei este caracterizat de varietatea
rocilor magmatice, sedimentare i metamorfice formate n
urma unor evolutii paleogeografice diferite. Ca urmare a
conditiilor naturale variate, regiunea este vulnerabila la
diferite hazarde geologice, cum ar fi cutremure, alunecari
de teren, eroziune excesiva, inundatii, caderi de pietre,
surupari de pesteri si subsidenta. Aparitia unui hazard
geologic depinde de intensitatea procesului care I-a cauzat.
O evaluare a fiecarui tip de hazard sau a tuturor hazardelor
este necesara pentru aceasta regiune din Serbia care detine
mari generatoare de energie electricd, amenajari
industriale i miniere §i are resurse minerale bogate.
Depopularea  estului  Serbiei  reduce capacitatea
comunitatilor locale de a investi in lucrari pentru controlul
hazardelor. Aceasta evaluare a hazardelor geologice
incepe cu referirea la hartile seismice disponibile si
continud cu cercetarea alunecarii de teren, posibile
inundatii si riscuri de eroziune excesiva, apoi caderi si
prabusiri de roci. Cercetarea este suficientd pentru a
intocmi o harta a hazardelor geologice generalizate din
estul Serbiei indicand zonele vulnerabile la anumite riscuri
naturale si pentru a estima o suprafatd totald pusd in
pericol de hazarde. Scopul acestei lucrari este de a localiza
si de a clasifica zonele cu potential de risc pe baza carora
se pot implementa actiuni viitoare de protectie.

Cuvinte-cheie: evaluarea hazardelor geologice, zone
vulnerabile, conditii naturale, Serbia de Est

INTRODUCTION

The growing intensity and frequency of natural
disasters that endanger global population gave rise
to international cooperation in this sphere that
intensified from 1990 when UN General Assembly
proclaimed 1990-2000 period a decade of natural
hazard control. To reduce the consequences of the
ever greater natural disasters, regional and

international efforts were felt necessary. In result,
the UN General Assembly passed two Resolutions
in late 2003: (A/RES/58/214: International Strategy
for Disaster Reduction) and (A/RES/58/214:
Natural Disaster and Vulnerability).

Many countries in the region and the world
signed the 2005 Hyogo Declaration (International
Strategy for Disaster Reduction Program 2005-2015,
www.unisdr.org), which inter alia promotes
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organization of agencies at regional, institutional and
national levels for monitoring and acting to reduce
the impacts of natural hazards on property and
population. Control of natural hazards and disasters
are given much consideration in the UN, with the
result of numerous projects financed from EU funds
(INTERREG |1l B CADSES NP PROJECT).

Natural hazards on the territory of Serbia are
various and vulnerability to them is not uniform but
depends on the type of hazard and potential damages.
Natural conditions of eastern Serbia are varied and
require a complex study of geohazards in the region.
Hence, the objective of this paper is to individualize
and research geohazard areas and to assess their
vulnerability to hazards. Major potential geohazards
are earthquake, landslide, rockfall, flood and torrent,
excessive or high potential of erosion, cave collapse,
all resulting from natural processes that directly or
indirectly threaten people, property and terrain itself.

In addition to natural processes, geohazards may
result from human activities related to exploitation
of mineral resources. In the region of petrologic
diversity, numerous surface and subsurface mines
of eastern Serbia generate conditions for
geohazards. This work will designate zones of
human activities in which geohazards may be
expected.

This contribution is important for presenting the
distribution of geohazards in the selected region as
the first step towards the control of natural disasters
and prevention of their consequences. Given the
conterminous position of the region with Romania
and Bulgaria, the research exceeds the national and
acquires regional and even international significance.

Geospatial characteristics

Eastern Serbia occupies an area of 17,060 square
kilometres, or 17.3% of the Republic of Serbia
territory (Table 1). It is bordered by the Danube on
Romania in the north, Bulgaria in the east, by the
rivers Velika Morava and Juzna Morava in the west,
and the Nisava watershed in the south.

Table 1
General characteristics

Study area, P 17060.15 km?
Perimeter, O 906.82 km
Maximum altitude 2169 m
Minimum altitude 28 m
Mean elevation, N, 455.5m
Mean altitudinal difference, D 2141'm
Mean slope of area, J, 9.06°
Drainage intensity, G 1.3 km/km?®
Mean precipitation amount (1961-1990) 768 mm
Average air temperature (1961-1990) 8.86° C

The entire territory gravitates to the Danube, the
lower base of erosion, and major rivers (Velika
Morava, Nisava, Timok, Mlava, Pek) are either its
primary or secondary tributaries.

METHODOLOGY

A proper assessment of the geohazard
vulnerability of eastern Serbia, or of the limitations
for land use, must be based on a comprehensive
analysis of natural conditions which are the basic
factor in producing gechazards on the territory. This
was the approach to the work that resulted in the
Potential Geohazard Map with designated
geohazard zones. The map is particularly important
for the fact that previous studies of natural hazards
on the European and world scale were without
relevant information about the territory of Serbia.

This work focuses on scientific knowledge and
achievements in recognition and prediction of
geohazards, preventive action and adequate
protection of people, property and environment.

The description of geology is based on the
Geological Map of the Carpatho-Balkanides region
between Mehadia, Oravita, Ni§ and Sofia at the
scale 1:300,000 (Kréautner and Krsti¢, 2003). The
modifications and additions in the Map are based on
the Geological Map of Serbia at scale 1:2,000,000
(Dimitrijevi¢, 2002) and compilations from
different publications. In order to facilitate the study
of the influence of geology on the development of
geohazards, geologic complexes are divided and
considered from the aspect of the potential erosion.
After a detailed study of geological and topographic
maps (vertical variation of land configuration maps,
land surface slope-angles maps), the territory is
divided into the potential erosion areas. The
assessment of vulnerabilities to potential cave
collapses, landslides and other rock or soil mass
movements is based on the knowledge of the
engineering-geological and geomorphologic
characters of the terrain, and the knowledge of the
effects of external factors on the geological
environment. Seismic hazards were assessed using
the existing seismic maps (Vukasinovi¢, 1987).
Potential landslides, rockfalls and intensive erosion
were assessed using respective methods (Guzzetti et
al., 1999; Dragicevi¢ et al., 2007, 2009, 2010),
reference maps: the Erosion Map of Serbia
(Lazarevi¢, 1983) and the Geomorphologic Map of
Serbia (Menkovi¢ et al., 2003).

Field research data (Manojlovi¢ and Dragiéevic,
2000; Manojlovi¢ et al., 2003; Dragicevi¢ et al.,
2009) were used in establishing the intensity of
recent geomorphological processes.
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The complex study of natural conditions in
eastern Serbia produced the most important result of
the research work — the Geohazard Vulnerability
Map of its territory showing the geohazard
vulnerability zones. The recent state of impact by
natural hazards in Serbia, based on the mentioned
maps, is combined into a unified map, which shows
the areal distribution of different hazards believed
to exert a limiting influence on the regional land use
for development. Thus, the areas threatened by
particular natural hazards are designated and their
respective surface and proportion of the territory of
Serbia are calculated.

Natural conditions as a factor of
geohazards

The complex geologic nature of eastern Serbia is
the main factor of the geohazard threat in the
region. Mosaic geologic pattern and marked vertical
diversity of the relief account for the varied climate
and hydrogeology. Depending on the complexity of
the given natural conditions, each region on the
Earth surface is particular in character and tendency
to some natural occurrences and processes,
consequently to the threats by various natural
hazards. The region of eastern Serbia has natural
conditions complex enough to give rise to
geohazards.

The facts that natural conditions are potential
sources and that hazards are the limiting factor for a
planned land  development  justify  their
consideration from different aspects. Analysis and
quantification of natural conditions anywhere on the
Earth are impossible without the proper knowledge
and understanding of natural processes. This is
because natural conditions result from both natural
processes and human activities which directly cause
and activate natural hazards in the area.
Consequently, the knowledge of the distribution of
natural conditions and of the process intensities is
the first step to a proper control of geohazards and
prevention of their consequences. A geohazard
activity may in extreme events greatly endanger
human life and property, in which case it is taken
for a natural disaster.

An analysis of natural conditions is considered
to include the recent state formed by different
natural processes and human activities. A change in
the intensity of any process may disturb the natural
balance and is both the cause and the consequence
in a point of time and an area.

Geological and geomorphological setting
The knowledge of regional geology is very
important for planning and protection from natural

hazards. The lithologic composition, age and
structural pattern and the effect of other factors
determine  the possible  manifestations  of
geodynamic processes and consequent geohazards.
Dominant geomorphic processes are related to the
geologic character (e.g. frequent landslides, heavy
erosion, cave collapse are characteristic of
carbonate rocks in the areas built of Neogene
deposits). In order to establish the distribution of
geohazards in eastern Serbia in relation to lithology,
we grouped lithologic units into lithologic
complexes, because their behaviour to exodynamic
processes is different (in intensity of weathering,
washout, etc.).

Eight major lithologic = complexes are
recognized, then each complex is studied for the
types of geohazard threat (landslide, rockfall, cave
collapse, etc.). In addition, structural features are
studied for an assessment of the seismic hazard.

The tectonic setting of eastern Serbia is
complex, composed of structures that belong to the
east-Serbian segment of the Alpine system and to
Romania. The units are from west to east the
following:  Serbian-Macedonian,  Supragethic,
Lower and Upper Danubian (Krsti¢ et al., 1996;
Dimitrijevi¢, 2002; Krautner and Krsti¢, 2003) (Fig.
1a).

Geological framework is deliberately simplified
to show only major petrologic complexes, some of
which have played dominant role in the source and
distribution of geohazards (Fig. 1). These are:

 Precambrian and Lower Paleozoic
metamorphic rocks, mostly complexes of
crystalline schist, amphibolite, gneiss, mica
schist and quartzite, susceptible to thermal
disintegration and consequent formation of
thick deposits of debris by sliding, rockfalling,
rapid gully and slope-washing.

» Precambrian ultrabasic rock massifs (dunite
and hartzburgite) and serpentinite.

* Igneous rocks: older Upper Proterozoic/
Cambrian gabbro, Caledonian and Variscan
granitic  rocks, and younger  Upper
Cretaceous/Paleocene plutonic complexes of
granodiorite, diorite, andesite and dacite.

» Upper Paleozoic and Mesozoic sandy
carbonate flysch. The complex of flysch
deposits, highly varied in lithology and facies,
has properties unsusceptible to geohazards.
Weathering products of these rocks form
blankets that may start a sliding process.
Occurrences, additional to slides, are rill and
other forms of erosion, even by torrents.
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Fig. 1. Lithology as a factor of landslide distribution
Simplified geologic outline of eastern Serbia (1) and
schematic map of tectonic units (1a). In (1): 1.
Quaternary cover; 2. Neogene deposits; 3. Mesozoic
complex of carbonate rocks; 4. Upper Paleozoic and
Mesozoic clastics; 5. Flysch; 6. Igneous rocks; 7.
Precambrian  ultrabasic  rock  massifs and
serpentinites; 8. Precambrian and Lower Paleozoic
metamorphic formations; 9. Landslides areas. In (1a):
I. Serbian-Macedonian unit; 1l. Supragethic unit; I11.
Gethic unit; 1V. Upper Danubian; V. Lower
Danubian; and VI. Moesian plate.

» Upper Paleozoic sandstone, conglomerate,
arkose and accessory Jurassic coal shale are
clastic deposits (Table 2).

» Thick Mesozoic carbonate rocks (limestone
and dolomite) are susceptible to chemical
decomposition, corrosion, detachment and fall.
Corrosion wears outer and inner parts of
calcareous rocks forming surface and
subsurface karst features prone to collapse.
Limestone is in the group of rocks highly
susceptible to temperature disintegration.
Rockfalls are common where limestone is
dominant.

» Neogene conglomerate, sandstone, breccia,
marl, shale post-tectonic deposits readily
disintegrated and producing thick loose
covers. Owing to a clay constituent, most of
landslides in Serbia occur in Neogene
deposits. Surface and subsurface erosion

evolves in places of dominantly coarse,
slightly cemented sand constituent.

* Quaternary cover.

An analysis of recent relief characteristics as a
source of geohazards is complex and requires
designation of major and representative ones for the
set target. The relief impacts have been considered
in relation to the morphogenic, morphodynamic and
morphometric parameters. This, with the aid of
numerical analysis, is the basis for a proper
assessment of the relief impact on the occurrence of
geohazards.

Table 2
Areas of lithologic complexes
Geologic complex Are? Total
(km?) percentage
Quaternary 2860.19 16.77
Tertiary 5585.84 32.74
Flysch 214.37 1.26
Mesozoic carbonate rocks 4510.13 26.44
Igneous rocks 586.21 3.44
Serpentinite 121.28 0.71
Metamorphic rocks 224444 13.16
Pale(_)zom and Mesozoic 937.69 5 50
clastics

Total 17060.15 100.00

The relief parameters expressed in altitudes,
vertical and horizontal slope diversity, are basic for
consideration of the land configuration conditions
and of their genetic and morphometric influence on
the intensity of natural, particularly
geomorphologic, processes and eventual occurrence
of geohazards. A quantitative geomorphologic map
has to be prepared before embarking on the
selection of areas susceptible to erosion and
deposition processes, or before establishing the
erosion potential in an area (on the basis of
“Erosion Potential Method“ (EPM) (Gavrilovic,
1972).

Related to the regional geology and
geomorphology, the territory of eastern Serbia may
be divided into the areas of high, medium and low
potential erosion. More than half the territory
(66.41%) is in the group of low erodibility, and a
smaller part (32.87%) is medium erodible.

Erodibility of landforms, however, should be
correlated with other factors of physical geography.
Designated areas of each natural factor overlap in
the composite map of potential erosion.

Surface areas divided by altitude zones are
divided into: 7.32% below 100 m, 13.65% from 100
m to 200 m, or 21% below 200 m, 42% from 200 m
to 500 m, 31.72% from 500 m to 1000 m, and only
5.32% above 1000 m. The average altitude of the
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terrain is 455.5 m. The topographic map was the
data base in the research of lands threatened by
slope erosion, which is widespread in the region.

It is well known that certain relief characteristics
represent one of the major conditions for the
appearance of slope processes. Also, it is essential
to carry out hypsometric analysis, as well as the
analysis of “energy” and inclination of topographic
surface, which at the same time present the core of
the quantitative geomorphologic analysis. The
hypsometric map presents the starting point in the
analysis of terrain potentially at risk of slope
processes, especially since the fact that the upper
limit of neogenic sediments in Serbia is 420-450 m
(Dragicevic et al., 2009).

According to the relief characteristics of eastern
Serbia (63% or 10740.5 square kilometers to 500
m), and the fact that Neogenic sediments include
the surface of 5585.84 square kilometers (32.74%
of the total area), slope processes as dominant
geomorphologic processes on this territory are
established.

Land surface inclination is one of the basic
factors for geohazards. Surface areas divided by the
slope angle are the following: 10907.3 km’
(63.93%) to 10°, 4781.28 km? (28.03%) from 10° to
20°, and 1371.59 km?* (8.02%) higher than 20°. The
dominant area susceptible to landslide processes in
eastern Serbia is on the slope angle from 5° to 15°,
73.8 %, which is according with the distribution of
Neogene deposits (Table 3).

Table 3
Lithology and Potentially landslide areas
Rocks Are? Perceqt
(km?) proportion
Quaternary deposits 57.42 7.98
Tertiary deposits 609.70 84.78
Flysch 1.72 0.24
Mesozoic carbonate rocks 9.55 1.33
Igneous rocks 1.65 0.23
Serpentinite 0.44 0.06
Metamorphic rocks 20.15 2.80
Pale(_)20|c and Mesozoic 18.49 257
clastics
Total 719.12 100.00

Climate conditions

While varied in many geographic aspects,
eastern Serbia is not much heterogeneous in
climate. Difference in the values of climate
elements is more local than resulting from
circulation processes in the atmosphere. The
Karpatho-Balkan mountain range, the largest
morphostructure of eastern Serbia, acts as a barrier
between cold air masses from the north of Europe,

especially from the Valachian depression, and warm
humid masses from the west of Europe and the
Mediterranean. The barrier effect is reduced,
however, by infrequent coincidence of the air
masses and the discontinuous height of the
mountain range (only 5.32% above 1000 m), so that
the exposure to either side is comparatively equal.

Major climate elements that directly or indirectly
form hazards are precipitation and temperature.
Divided by Zivkovi¢ (2005-a), roughly a third of
eastern Serbia is between isohyets 600-700 mm and
700-800 mm, a fifth between isohyets 800-900 mm,
and the rest (2340 km?® or 13.4%) receives more
than 900 mm or less that 600 mm precipitation. The
area with more than 1000 mm occupies 737 km? or
4% of the territory. Average precipitation depth in
the area is 768 mm for period1961-1990. Converted
into the wvolume of atmospheric precipitations,
eastern Serbia annually receives 13.4 km? of water.

The precipitation depth, on average, is the lowest
(560-590mm) in SW, in the Nis-Aleksinac
depression, and the highest (about 1500 mm) on
Stara Planina peaks (Zivkovi¢ and Andelkovié,
2004). The half-period 1991-2005 is characterized
by much lower precipitation depths, when the area
below the 600 mm isohyet was notably larger (500
mm in Ni§ and Negotin) (Andelkovi¢, 2009). The
pluviometric range had two maximum and two
minimum mean amounts of rainfall: one maximum
in late spring/early summer (May-June) and the
other in late autumn (November); one minimum in
early autumn (September) and the other in late
winter/early  spring  (February/March).  Snow
discharges occur from November to mid-March at
low altitudes, and from October to mid-April on
mountains. Average depth of fallen snow recorded
in meteorological stations ranges from 8 cm in Ni§
to 35 cm on Crni Vrh (highest zones in the region
are believed to receive 50 cm of snow). Mean
maximum snow cover is 20-30 cm in Timocka
Krajina, 70-110 cm on Kucaj, and 110-150 cm on
Stara Planina (Duki¢, 1975).

Precipitations, extreme in intensity or duration,
or lacking, which influence geomorphologic
processes and consequently the physiognomy of the
land surface or configuration, are important for the
occurrence of hazards. Daily maximum is an
important indication of the actual danger e.g. from
flood, torrent, landslide, etc. The research data for
central Serbia indicate that precipitations of only 25
mm and 50 mm respectively cause overflow of
streams and large-scale floods. The threshold of
intensive precipitation, an alert of serious danger in
eastern Serbia is 40 mm in the south and 50 mm in
the north (Andelkovi¢, 2009), in western Serbia is
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30 mm (Dragi¢evi¢, 2007); at that, it may occur any
time of the year, though rarely in the end of winter
or early spring. The absolute maximum values are
recorded in Veliko Gradiste (116 mm) and on Crni
Vrh (136 mm). It should be said that vulnerability
of the region depends on the interaction of all
natural factors, not on the precipitation alone.

Hail falls any time of the year, commonly in
May and June. In depressions it may fall once or
twice a year, and more often in mountains (to four
times on Crni Vrh). The number of hail fall days in
the period 1991-2005 was 5 in V. Gradiste, 8 in Ni$
and Cuprija, 14 in Dimitrovgrad, 15 in Negotin and
24 on Crni Vrh.

Unlike precipitation, air temperature has an
indirect influence on geohazards, which is
expressed in soil saturation in winter and drying in
summer. An abrupt rise in air temperature in winter
causes rapid melting of snow, torrents and floods in
the former event, and rainless summer heat dries up
soil in the latter. Both processes are well at work in
eastern Serbia. The trend of the mean annual
temperature rise is registered in Serbia from 1980,
with highest rise in the eastern region. Annual rise
for the period 1951-2005 was 1.8°C/100 year in
Negotinska Krajina and even 5°C/100 year since
1990 (Popovi¢, 2007). Floods from melting snow
are more frequent in the last twenty years due to the
alternating cold and warm intervals during winter
and spring. Then, with the snow cover still on,
temperature rises much above normal for the season
and holds for 2-4 days or longer. The latest example
was the Beli Timok flood in the town of Zajecar.
First discharge occurred in December 2009, another
in the end of February and successively continued
into spring 2010. Similar events occur almost every
year, mainly in the drainage basins of Timok,
Mlava, Pek, and Resava. On the other hand,
Timocka Krajina is exposed to long draughts in the
rainless and hot summers. This area is rapidly
expanding under the impact of draught, with the
obvious continuous reduction of crop yields
(Zivkovic et al., 2005).

Hydrological conditions

The distinctive hydrologic features of the region
are related to the position, orography, lithologic and
pedologic character, vegetation and climate, each
particular in itself. What is most important is the
influence of calcareous rocks on both surface and
subsurface waters. Karst of the Carpatho-
Balkanides in eastern Serbia occupies somewhat
more than 4510 km® or 26.44% of the territory.
Karst aquifers are abundant and each major river
runs from a strong resurgence or is fed from its

downstream. There are more than 70 springs of the
minimum flow rate over 10 I/s, including 16
resurges of over 100 I/s. This is why the central
mountainous area has a continuous runoff, unlike
the rest of Serbian territory of similar physiognomy
and many periodical streams. Eastern Serbia also
has few intermittent streams in the low Neogene
areas surrounded by higher limestone massifs.
Sinking streams, another feature of karst, are many
(about 70) but they are short (1-3 km), the longest
being Busovata (8.8 km), Nekudovska (8.5 km) and
Blato (8.3 km) (Gavrilovi¢, 1992).

All streams have the hydrologic rain/snow
regimen, but the Danube, the northern border of the
region, has combined flow characteristics. Stream
flows are high in late summer, September and
August. The stream catchments receive annually
600-800 mm precipitation, of which much more
water evaporates than runs off. The runoff
coefficients for the streams fed less or more by
groundwater are between 20% and 30%, and up to
50% (Zlot River), respectively. The runoff
proportions in relation to the altitude are similar:
one fifth from low drainage basins and two thirds
from small basins at the altitudes above 800 m,
respectively. In any case, the difference is great,
related to slopes, vegetation and soil properties in
addition to the mentioned factors. The bordering
rivers have the highest discharges: Danube 565
m®?, Velika Morava 230 m>s™, Juzna Morava 100
m’™, Nisava 30 m%™, and Veliki Timok 30 m’™.
The tributaries discharge up to 10 m®™ which is
drained by the rivers into the Danube.

Man's impact on hydrology in eastern Serbia is
mostly manifested in the artificial lakes formed by
dams. The two largest lakes, among the largest in
Europe, are on the Danube: Berdap | and Perdap II.
The former is more than 120 km long and has a
volume of 1.28 milliard cubic metres, and the latter,
downstream lake has a volume of 716 million cubic
metres. Both lakes are formed primarily for the
purpose of power generation. Other storage lakes,
Bor and Grli§ Lakes (12 mil. m® each), Bovan and
Zavoj Lakes (170 mil. m®), are small, used for water
supply and for sediment control.

A common characteristic of all streams in
eastern Serbia, excluding the Danube, is very high
variation of medium and extreme flows. Mean
monthly maximum/minimum discharge ratios are
2.1 for the Danube, 5 for the Velika Morava, 12.5
for Grliska, and as high as 28 for the Sikolska
(March-September). An even better indication is the
ratio of high (1% probability of occurrence) and low
(95% probability) flows. These parameters are 9 for
the Danube, 70 Velika Morava, 186 Juzna Morava,
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707 Crni Timok, 790 Trgoviski Timok, 909 Pek,
and as high as 1055 the Beli Timok in Zajecar,
which indicate the torrential character of the
streams and low retentive capacity of the drainage
basins after intensive rainfalls. Moreover, seasonal
runoff is not constant as indicated by the variation
coefficients for monthly discharges. These
coefficients are less than 0.5 for steady flows (e.g.
the Danube by Veliko GradisSte has least steady
flows of 0.35 in October and 0.37 in November),
and much higher for minor rivers. This parameter is
slightly below 0.5 only in March and April at two
gauge-sections in the NiSava drainage basin. The
variation coefficient values are higher than unit,
especially in October, for most streams (Sikolska
2.63, Grliska 3.64). The inadequate forest cover and
erosion processes are also factors contributing to
frequent stream overflows and often to torrents and
floods. Flood plains occupy 7.7% of the region, the
largest plains located in the valleys of major rivers
(Velika Morava alluvium, Nis-Aleksinac depression
of the Juzna Morava and ZajeCar depression of the
Timok, Negotin field, etc.). In the Timok valley
alone, high water of the hundred-year probability
endangers 7700 hectares of land, and an almost
double larger area in the immediate catchment of
the Velika Morava. There is no doubt that the flood
protection and river regulation system is passive at
present consisting essentially of embankments and
channel regulation works, whereas active measures
with beneficial effects such as artificial lakes are
secondary. A general impression is that little has
been done in eastern Serbia for protection from
floods. Voluminous works completed were the
regulation of the Velika Morava (after 1950) that
included cutting off sixteen meanders to reduce a
fifth of the river length. The mouths of the
tributaries and their channels in the alluvial plain
through towns also were regulated. Some ten
kilometers of levees in the Timok basin were built
to protect major towns (KnjaZevac, ZajeCar). The
Mlava and its tributaries also were regulated in a
total length of 30 km.

The case example of Zavoj Lake well indicates
how serious the threat of hazards may be. The lake
formed during two days in 1963 after a mass
landslide dammed the VisocCica valley. The slide
was 1.3 km long, about 200 m wide and moved at
the rate of 7 m per hour. About two million cubic
metres of rock and soil formed a dam 530 m wide at
the base and 140 m at the crest, and 30 m high
above the river. With the surface of 3 km? it was
one of the largest natural lakes (later the dam was
developed for the power generation purpose). The
landslide caused an ecologic disaster; among other

effects it flooded two villages with 150 inhabitants.
This is not the only case example in Serbia. A much
smaller landslide (28000 m?) formed the Aluontu
Lake in 1883 (Stankovi¢, 2007).

Human activities as a factor of geohazard

A change in land configuration exerted by
human activities may result from mining (coal,
copper, gold) or groundwater pumping. The two
mentioned activities leave caverns in the lithosphere
subsurface that may easily collapse and modify the
land surface producing a geohazard.

Geological and petrological diversity or
abundant mineral resources are related to the
paleogeography of the region. A large number of
surface and subsurface mines have created
conditions for the occurrence of geohazards in
many areas. The Crna Reka andesite-dacite bodies
is a rich resource of copper (Bor), gold, zinc, lead,
iron, wolfram, etc. Coal is exploited in many
locations of eastern Serbia, to mention Zajecar,
Knjazevac, Nis, Sokobanja, Pirot. The joint
contributions of man and nature in creating a hazard
are best illustrated by the case example of the Bor
Mineral Basin. The Borska stream has been for
decades a collector of wastewater from the many
mine workings. It is now probably the cleanest river
in the world devoid of any life, without a single
bacterium. A tributary of the Timok;—t transforms
this river of eastern Serbia into a dead stream over a
length of 50 metres, to its confluence with the
Danube. The scenery of the Timok alluvial plain,
thickly covered by pyrite gangue, looks more like e
a picture from another planet. Groundwater and air
are polluted, and even rainwater indicates that it
contained radionuclide like after the Chernobyl
disaster. Many conscious persons keep warning of
the serious health problems and of grave diseases in
the Timok basin, but the warnings are long and
successfully covered up because economic
development is priceless.

RESULTS AND DISCUSSION

A geohazard vulnerability map is prepared based
on a study of natural conditions in eastern Serbia,
which has national importance, and is useful on a
larger, regional or European scale. The map
delineates zones of geohazard vulnerability, which
for the lack of data were omitted in most of
researches of natural hazards in Europe or over the
world (Berz et al.,, 2001; Grimm et al., 2002;
Peduzzi, 2005; Barredo, 2007; Gaume et al., 2009).
As there can be seen on the Map, the seismic hazard
is greatest along the Morava fault, western area of
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the east-Serbian region. Broken by the earthquake
intensity, 79.24% of the territory may expect
earthquakes of VII to VIII MCS-64, 19.71%
earthquakes of VIII to IX, and only 1.05% is in the
intensity zone of IX to X MCS-64.

The Map of potential erosion (Fig. 2) shows that
16.67% of the territory is highly erodible. The
erosion hazard is particularly great in Neogene
deposits at steep slopes. Excessive erosion occur on
0.72% (Table 4).

Table 4
Areas of potential erosion
Erosion Area (km?) Total
potential percentage (%)
Very high 122.68 0.72
High 2843.80 16.67
Medium 2764.29 16.20
Low 11329.38 66.41
Total 17060.15 100.00

ROMANIA

Fig. 2. Map of potential erosion
a) Very high; b) High; ¢) Medium;
d) Low potential erosion

As to the potential landslides (4.2%), their
distribution is related to the lithology and ground
slope. The relation to altitudinal distribution of
Neogene deposits in Serbia, 83.20% of landslide
hazard zones are below the altitude of 500 m, and
96.51% on slopes lower than 15°.

Rockfalls occur in many locations (less than 1%
of the east-Serbian territory); mostly carbonate
rocks at the sides of canyons and gorges.

Potential cave collapses zones are numerous in
places where the lithosphere surface is cavernous
either from natural processes or human activities.
Large or extensive caves Or caverns, numerous
crevices and cave passages have formed by erosion
in carbonate rocks. Natural and artificial factors
may lead to break down of surface layers and their
collapse into subsurface caverns. A cave collapses
of excessively thinned surface layers may be
triggered by earthquake, thunder, or rockfall. The
average annual total mineralization of Carpatho-
Balkanian mountains in Serbia, coressponding to
the average annual discharge is to be found within
span of 100-413 mgl™. The intensity of chemical
erosion is in range of 10-167 tkm™?yr* (Manojlovi¢
and Dragicevic¢, 2000).

Carbonate rocks, limestone and dolomite, cover
26.44% of the east-Serbian territory. In the mosaic
distribution of limestones, karst features are found
all over eastern Serbia. A plausible estimate of the
number of caves is between 1500 and 2000
(Djurovi¢, 2005).

Potentially flood plains constitute 7.69% of the
total research area.

It results from the above stated that 6479.19 km?,
or 38.17%, are endangered by geohazards. Let it be
noted that the accuracy of surface areas should be
taken with due caution, because the considered
region is large and the generalization degree of the
reference maps is fairly high. Nevertheless, the
Geohazard Vulnerability Map of eastern Serbia is
very useful as a data base for land use planning. For
any specific conclusion, a geohazard cadastre at the
local level will be needed.

CONCLUSION

Geohazards are an important segment of the land
use and town plans, especially in the hazard
vulnerable areas. This work is important for
presenting the acquired geohazard data that can be
used to select appropriate methods for the land use
planning, development and utilization in relation to
the wvulnerability to their manifestations. Natural
geohazards are a limiting factor in the land use
planning, which needs a model to be developed for
the proper control of natural conditions.

This approach allows in all subsequent stages of
planning to determine an acceptable level of natural
hazards in eastern Serbia and to develop a system of
preventive, organizational and other measures and
instruments for intervention against the occurrence
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or for mitigation of hazard consequences to a
tolerable level.

Land use planning with reference to The Hazard
Vulnerability Map of Eastern Serbia (Fig. 3) has a
long future in the prevention of geohazards and in
minimizing damages they may inflict (Table 5).

ROMANIA

W O N GhAE WON =

Fig. 3. Composite map of geohazard vulnerability of
eastern Serbia

1. Seismic hazard VIII to IX MCS; 2. Seismic hazard
IX to X MCS; 3. Potential floodable areas; 4.
Excessive erosion areas; 5. Strong potential erosion;
6. Landslide hazard areas; 7. Rockfalls; 8. Potential
cave collapses; 9. Subsurface mines.

Table 5
Geohazard areas in eastern Serbia
Area Percent
Geohazard type (km?) proportion

VIl to IX MCS 3361.75 19.71
IX to X MCS 179.82 1.05
Potential floodable areas 1311.61 7.69
Excessive erosion areas 122.68 0.72
Strong potential erosion 2843.80 16.67
Landslide hazard areas 719.12 422
Rockfalls 19.76 0.12
Total endangered 6479.19 38.17

The research results may be contained in a
model of the geohazard control, as the key
component of an integral plan of protection against
natural hazards. The risk of natural hazards
remaining after the implementation of relevant

geohazard control measures must not be greater
than what a local community may be allowed to
suffer.

The composite geohazard vulnerability map of
eastern Serbia has a wider than national importance
because natural hazards strike irrespective of
administration borders. Hence, it may be a base for
cross-border cooperation and for a geohazard
vulnerability map of all countries within the Danube
lower basin.
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Abstract

Geomorphologic mapping is an important fact in
many research studies and the traditional methods are
time consuming and expensive. This paper aims to
develop a semi-automated rule-based method for the
detection of glacial cirques for a test area located in the
Tarcu Mountains (Southern Carpathians) in an object-
oriented approach. In this study we have established the
morphometric characteristics of the glacial cirques
developed in a particularly geomorphologic context at
the edge of planation surfaces, using a 10 m horizontal
resolution DEM (Digital Elevation Model). The
parameters extracted from DEM (i.e. curvature) were
further used in segmentation and classification process.
Also, other factors were introduced in the rule set, as
the context regarding neighboring objects like planation
surfaces to the target class. The most important factor
in segmentation was the curvature and to choose an
appropriate scale factor we have used the available ESP
(Estimation of Scale Parameter) tool. The results
achieved were very close to the field reality, except for
some areas where there are large negative landforms
such as gullies and torrents, which were identified as
objects belonging to glacial cirques class and also some
roches moutonnées with high positive curvature values,
objects that could be filtered manually by the user
based on previous field knowledge and ancillary data
such as orthophotoplans and the geomorphologic map
of glacial relief in the Tarcu Mountains. For further
research, we intend to identify the characteristic
thresholds for morphometric parameters that can be
integrated in a set of rules in order to detect and
classify other type of landforms in the alpine domain of
the Tarcu Mountains.

Keywords: landforms classification, OBIA (object based
image analysis), segmentation, geomorphometry, glacial
cirques, the Tarcu Mountains, Southern Carpathians.

Rezumat. Analiza si clasificarea orientata-obiect
a circurilor glaciare din Muntii Tarcu (Carpatii
Meridionali)

Cartarea geomorfologicd ofera rezultate cu importantad
mare pentru foarte multe studii, iar metodele traditionale
de cartare necesita foarte mult timp si sunt costisitoare.
Acest studiu prezinta un set de reguli pentru identificarea
semi-automata a circurilor glaciare pentru arealul test din
Muntii Tarcu (Carpatii Meridionali) utilizand metode de
analiza orientate-obiect. In lucrarea de fatd au fost stabiliti
parametrii morfometrici caracteristici ai circurilor glaciare
apartindnd reliefului glaciar de tip Godeanu, cu circuri
glaciare dezvoltate la marginea suprafetelor de nivelare,
pe baza unui model digital de elevatie cu o rezolutie
spatiald de 10 m. Parametrii morfometrici ai reliefului
generati din acest model au fost folositi in procesul de
segmentare si apoi de clasificare a circurilor. Astfel, in
setul de reguli de clasificare au fost introdusi atat factori
morfometrici, precum curbura terenului, dar si de context,
cum ar fi vecinatatea fatd de suprafetele de nivelare.
Factorul cel mai important utilizat in procesul de
segmentare este curbura medie, iar pentru stabilirea unui
factor de scard cit mai obiectiv, s-a folosit un instrument
implementat Tn Definiens, numit — ESP. Rezultatele
obtinute sunt apropiate de realitatea din teren (exceptand
unele areale cu forme de relief negative, precum
organismele torentiale sau pozitive, cum sunt rocile
mutonate din cadrul circurilor, elemente ce pot fi filtrate
manual de catre utilizator) demonstreaza ca metoda
utilizatd este una de interes, aceste rezultate fiind
verificare cu date din teren si cu ortofotoplanuri, harti
existente ale reliefului din domeniul alpin ai Muntii
Tarcului. in studiile viitoare intentionim si imbunatitim
metoda prezentatda si  sd determindm  parametrii
morfometrici si valorile-prag caracteristice, care sa fie
incluse Tn reguli de identificare semi-automata, pentru
localizarea si clasificarea altor forme de relief din etajul
alpin al Muntilor Tarcu.

Cuvinte-cheie: clasificarea semi-automata a formelor
de relief, analiza imaginilor orientata-obiect, segmentare,
geomorfometrie, circuri glaciare, Muntii Tarcu, Carpatii
Meridionali.
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INTRODUCTION

Object based terrain analysis and semi-
automated classifications in geomorphology create
new possibilities for landforms and landform
elements delineation and analysis, and represent a
new alternative that increase the accuracy of
mapping, which is time and cost efficient compared
to other methods, i.e. total station survey, LIDAR
data etc. The process of image segmentation in
objects at different levels of detail is used as a
mandatory step in the development of the rule set
for classification in OBIA environment. The way of
representing the world in objects rather than in cells
is closer to human perception of reality, this being
one of the big advantages of this method. Some
mountain  regions represent difficult terrain
regarding classical methods of mapping and require
a lot of time to generate geomorphologic maps. This
method provides a new perspective in the study of
landforms and landforms mapping and integrates
GIS and remote sensing in a more appropriate way
of representing the world in human perception
about the landscape than the cell-based approach
(Dragut and Blaschke, 2006; Dragut et al., 2010).

Sensor development in the last decade increased
spatial and spectral resolution and one negative
aspect of data processing is that it leads to high
heterogeneity inside classes of interest (Schneevoigt,
2008), problem that could be better solved if we use
image segmentation and classification based not only
on pixel values, but also including the context and
the shape of the objects.

The use of DTMs (Digital Terrain Models) and
other remotely sensed data in landforms detection
and analysis is a common approach in earth
sciences and geomorphometry (Pike et. al, 2009). In
the field of geomorphometry there were several
studies that developed methods for automated
landforms classification based on Hammond system
(Dikau, 1989, 1990, Dikau et al., 1995), delineation
of slope types (MacMillan et al., 2000), automated
classification of topography using derived features
from DEMs (Iwahashi and Pike, 2007), automated
extraction of landform elements (Dragut and
Blaschke, 2006), automated delineation of valleys
(Straumann and Purves, 2008) etc.

In Romania the study of automated detection of
planation surfaces in the Godeanu and Mehedinti
Mountains is to be mentioned (T6érék-Oance et al.,
2009).

In high mountain areas regarding glacial relief
and related processes there are few studies that deal
with object oriented approach in delineation of
specific landforms: Schneevoigt et al., 2008, for

alpine landforms multi-scale classification, and
Eisank et al., 2010, for automated extraction of
glacial cirques.

Glacial cirques are the most representative
landforms of the glacial relief in high mountains
and sustain the existence of past Pleistocene
glaciation. Clear cirque forms are accepted as one
of the best proof of glaciation in mountains. The
form of cirques consists essentially of a “steep
headwall slope arcing around a gentler floor”
(Evans and Cox, 1974). The floor of cirques in the
mountains is the morphologic result of glacial
erosion (scouring, quarrying, plucking, abrasion,
breaching etc.). Glacial cirques have generally
concave shape both in plan and profile curvatures
(Eisank et al., 2010) and variable extend up to few
kilometers (Benn and Evans, 1998). The cirques are
connected with valleys by means of rocky
thresholds (Hambrey and Alean, 1992) and as in all
landforms delineation, the borders between those
two landforms interfere due to high heterogeneity
and transitional nature of natural limits. In this
context, the object-based approach in cirques
delineation best fitted the purpose of this study.

STUDY AREA

Tarcu Mountains are located in the north-western
flank of the Southern Carpathians being part of the
Retezat-Godeanu range. This mountaineous area,
with altitudes over 2000 meters, is characterized by
considerable development of planation surfaces
especially at altitudes above 1800 m, where Borascu
sculptural complex occupy large areas. The highest
peaks from Tarcu Mts. have altitudes between 1800
and 2192 m, high enough to support small glaciers
during the glacial periods of the Pleistocene.
Although the amplitude of the glacial periods is not
as remarkable here as in Retezat Mts., an expressive
glacial relief was left behind after melting the
glaciers at the end of Pleistocene. Niculescu (1990)
mapped 37 glacial cirques in this area developed
especially at the edge of the planation surfaces at
over 2000 meters. The glaciers from these cirques
were short, their tongues having less than 3
kilometers, being considered by Niculescu pyrenean
glaciers. Most of the cirques are simple cirques, but
we found also compound cirques and even cirque
complexes (Olteana glacial complex).

The presence of the glacial features in the Tarcu
Mts. was first noticed by Schafarzik (1899) so that
in 1907, Emmanuel de Martonne described some
glacial cirques and Kréutner (1929) carried out a
first draft of the glacial landscape of this area. In
1990 Niculescu described the glacial landscape
from the Tarcu Mts. presenting the first
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comprehensive map of the glacial cirques
distribution from the Tarcu, Bloju and Baicu
Massifs. Further, Urdea (2004) recalculated the
length of main Pleistocene glaciers from Tarcu and
got over 4 km length for the Hideg, Suculet and
Netis glaciers. He also found two plateau glaciers in
this area: Pietrele Albe and Tarcu-Caleanu. In 2006
Mandrescu brought new information on the number
of glacial cirques (he counted 60 cirques) and their
morphometric characteristics (Mindrescu, 2006).
The morphology of glacial cirques from the
Tarcu Mountains is strongly influenced by the
complex lithology (granitoide, schists,
conglomerates, gneisses and amphibolites) and by a
dense network of faults as a result of the
geographical position between two main geotectonic
domains (Danubian Domain and Getic Nappe).

Ukraine

Hungary

Elevation (m)

- Hgh 2150

The test area from the Tarcu Massif (Fig. 1), was
chosen because of the representative glacial cirques
developed at the edge of planation surfaces. The
area of the site is 87 km?, with elevation ranging
between 1034 and 2190 m a.s.l. The highest peaks
from this test area exceed 2100 m: Tarcu (2190 m),
Cileanu (2190 m), Bodea (2160 m), Nedeia (2150
m) and Brusturu (2116), but their appearance is
more like a rounded plateau rather than reshaped in
a periglacial manner. The glacial cirques are
distributed in the upper part of the Olteana,
Suculetu, Rdu Rece and Rau Alb watersheds.
Besides glacial cirques other expressive glacial
landforms were mapped in the field, like: moraines,
glacial thresholds, roches moutonnées.

Low 1034

Fig. 1. The location of the Tarcu Mountains and of the test site

DATA AND METHODS

“To be a landform, a part of the Earth's surface
must have some coherence of form (shape) or
process or both” (Smith and Mark, 2003, cited by
Mark, 2009, p. 13). The landforms are defined in a
specific geomorphometric fashion as discrete surface
features (Evans, 1972), thus to obtain proper semi-
automated delineation we need to define which
morphometric parameters best describe the landform
(glacial cirques) and how to apply that knowledge
into a rule set based algorithm for classification. This
approach of using preexisting knowledge and defined
concepts and integrate them into software to achieve

results as close as possible for an objective
representation of the reality, was realized through
semantic modelling (Dehn et. al, 2001) developed for
the glacial cirques in Alps, with study area located in
Carinthia, Austria (Eisank et al., 2010).

In this paper we have used a 10 meters
horizontal resolution DTM generated from contour
lines based on topographic map scale 1:25000 for
the central part of the Tarcu Mountains. The model
was obtained in ArcGIS using TopotoRaster
function and ancillary vector data as rivers, ridges,
altitude points and was filtered in a 5x5 moving
window to reduce noise.
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From this DTM we derived the models
representing morphometric parameters such as slope,
mean curvature, profile curvature, plan curvature.
These derived models best describe the concavity of
glacial cirques through positive or negative values in
all curvatures and they were—further used in the
segmentation and classification process.

The methodology presented in this paper
consists of few steps: the identification of the
glacial cirques in the field and based on old
geomorphologic maps (i.e. glacial relief map of the
Tarcu Mountains made by Niculescu in 1990),
image segmentation using ESP (Dragut et al.,
2010), glacial cirques visual identification (i.e.
based on hillshade DTM), morphometric parameters
of glacial cirques analysis, glacial cirques
classification and validation of the method applied.

Given the already known limitations of pixel
based relief analysis on DEMs, the most important
being the context information and the shape of the
objects (Blaschke & Strobl, 2002), the method of
object based analysis can be used as a new solution
in glacial cirques detection.

The upscaling from pixel level to object or
spatial primitives level was realized in Definiens
Developer v.7 and this is a step that require
specification of scale, which regards the
homogeneity of the objects. This task required a lot
of time before and was realized in a subjective
manner depending on the user knowledge.

To avoid the subjective selection of the
segmentation scale, this being a key factor of
analysis, we used the ESP tool available for
Definiens Developer v.7. This tool allows a more
objective segmentation of the layers based on the
local variance, a value that indicates the local
variability within an image, so in a graph
representation of the local variance, the breaks will
indicate the optimal scale for segmentation, actually
defining the objects that are very similar in the
image and probably belonging to the same class in
reality (Dragut et al., 2010).

The morphometric parameter that we used as
base layer in segmentation is the mean curvature
(Eisank et al., 2010), because this parameter is the
one that best describe the glacial cirques
morphology. Applying the ESP tool we obtained
several characteristic scales, the most representative
being 60 for cirque delineation and 24 for glacial
cirgues components, but in the end 24 was chosen for
future analysis, because the value of 60 identified too
large areas well beyond the limit of the cirques.

In the Tarcu Mountains the glacial cirques
being developed at the edge of planation surfaces,
we identified two connected classes in the field

(glacial cirques and planation surfaces). For the
glacial cirques identification we have used threshold
values defined for other land surface models like
altitude (above 1800 m), mean general curvature,
mean plan curvature and mean profile curvature
(negative values).

Also we have used the context rules - neighbour
to class for the classification of cirques in order to
identify those objects which are always located at
the edge of the planation surfaces (cirques class
border to planation surfaces class).

We have identified also the planation surfaces
(Fig. 2), based on the rules developed in a previous
study, as being objects with mean slope values less
than 14 degrees and minimum slope value less than
2 degrees, runoff less that 80, positive mean
curvatures close to 0 (Torok-Oance et al., 2009).

RESULTS AND DISSCUSIONS

In the case of the Tarcu Mountains, the cirques
are located at the edge of planation surfaces, well
developed above 1800 m altitude. Using the
knowledge about planation surfaces and some
conditions developed for the planation surfaces in a
previous article mentioned above and also the
existing maps and longitudinal profiles over the
cirques and glacial valley, we have delineate the
shape of cirques (vectorized polygons) for the
central part of the Tarcu Mountains for comparison
reasons. The objects identified as cirques were
overlaid on a hillshade model (Fig. 3) and compared
with the geomorphologic map (Niculescu, 1990)
and with the results of objects detection using
Defininiens.

In a specific geomorphometric analysis, there
are some stages to follow, among those in the
beginning being important the conceptualization
and complete delimitation from the neighbour
landforms (Evans, 1987).

The results achieved were compared to the map
of glacial relief in the Tarcu Mountains made by
Niculescu in 1990. In this context, we must take
into account that many maps about glacial
landforms made for the Romanian Carpathians only
identify the upper part of cirques as bounded by
ridge or planation surfaces, but there is no
delineation on the contact with glacial valleys.

The objects identified as cirques by applying
the rule set delineate more the walls of this
landform and less the contact with the glacial valley
or the floor of the cirques due to low values of mean
curvature and some high positive values in profile
curvature and the existence of areas that are similar
with the planation surfaces.
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B planation surfaces detection

glacial cirques planation surfaces

Fig._2. The planation surfaces detection compared to the geomorphologic map (Niculescu, 1990)

- glacial cirques detection

glacial cirques planation surfaces

Fig._3. The cirque detection overlaid on DEM - comparison with the glacial relief map by Niculescu, 1990.

Some negative landforms with the same
morphometric  characteristics  (negative mean
curvatures) were identified as cirques and these
objects were manually filtered based on previous
knowledge about the test area.

Because of the similar extent of individual
cirques in the test area we used only a single scale
of analysis for glacial cirques detection, but it is
desirable to use multiscale analysis for more

complex topographic conditions and cirques extent
(Eisank et al., 2010).

CONCLUSIONS

This study is a preliminary research and
presents only the first results of the application of a
semi-automated method for glacial landforms
delineation based on DTMs in the alpine domain of
the Tarcu Mountains. In this case the location of
glacial cirques was well identified, but the
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estimation of their extension could be improved if
we use in further research a hierarchical system for
cirques detection and more characteristic scales of
analysis and different spatial resolution of the data.
Also the method could be improved by identifying
and integrating the glacial slope breaks as the limit
line between glacial cirques and glacial valley. This
research will be improved in further studies and
extended in a more complex analysis for a complete
delineation of glacial cirques and also for the
classification of other landforms from the alpine
domain of the Tarcu Mountains (moraines, rock
glaciers).
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Abstract

The glacial modeling has created two well
individualized geomorphologic landscapes in the
Transylvanian Alpes: Borascu, characterized by the large
extension of the platform and high peaks, and Fagaras,
where cirques were multiplied and have developed until
they reduced the platform to a wvery sharp ridge
(gipfelflur). The layout of the main ridge on the West-East
direction and the overall morphography of the two slopes,
the northern one short and steep and the southern long,
with gentle slopes, were also reflected in the way of
development of glaciers in the Quaternary. In the Valsan
basin there are distinguished some particularities of the
glacial landform. Thus, the glacial landform of this sector
of the Fagaras Mountains is characterized by a small steep
(200-300m) which favored the development of a long
glacial valley with gentle slopes and led to the forming of
the moraines at the glacial valley floor. The Valsan glacial
cirque is at 2300m altitude, is small and has small lakes.
The bottom of the cirque is flat and is predominantly
grafted on mica-schist and gneisses. The Valsan glacial
valley is North-South oriented and has several glacial
thresholds. The slopes surrounding the Vaslan valley are
symmetrical, being affected by torrents and avalanches.
Other characteristic landforms are: narrow glacial crests,
glacial replats ridges, nunataks and moraines. The frost
wedging caused the residual relief represented by sharp
ridges, peaks, landforms of accumulation, debris cones,
glacis, stone arches, protalus ramparts. Overall, the
Valsan glacial valley is a typical valley where the
intensive post-glacial processes have hidden most of the
features resulting from the glaciers action, which kept the
characteristic ,,U” shape and the glacial replats appear
from place to place under glacises and rock debris.

Key words: the Vilisan, gipfelflur, narrow glacial crest,
glacis.

Rezumat. Relieful glaciar si periglaciar din Muntii
Fagaras, cu privire speciala la bazinul Raului
Valsan.

Modelarea glaciard a creat in Alpii Transilvaniei doua
tipuri de peisaje geomorfologice bine individualizate:
Borascu, caracterizat prin larga extensiune a platformei si
a varfurilor nalte si Fagaras, unde circurile s-au inmultit
si s-au dezvoltat pana au redus platforma la o creasta
foarte ascutita, (gipfelflur). Dispunerea culmii principale
pe directie V-E si morfografia de ansamblu a celor doi
versanti, cel nordic scurt si abrupt, iar cel sudic prelung,
cu pante mai domoale, s-au rasfrant si in modul de
dezvoltare al ghetarilor in Cuaternar. in cadrul bazinului
Valsan se disting anumite particulariati ale reliefului
glaciar. Astfel, relieful glaciar din acest sector al muntilor
Féagaras se caracterizeaza prin prezenta unui abrupt de
mici dimensiuni (200-300m) ce a favorizat dezvoltarea in
lungime a vaii glaciare, cu pante domoale si a determinat
depunerea morenelor la baza vaii glaciare. Céldarea
glaciara a Valsanului se gaseste la altitudinea de 2300 m,
are dimensiuni reduse si cantoneaza mici laculete. Fundul
circului este plat fiind grefat predominant pe micasisturi si
gnaise. Valea glaciara a Valsanului este orientatd pe
directia N — S si prezintd mai multe praguri glaciare.
Versantii care incadreaza valea Valsanului sunt simetrici
fiind afectati de torentialitate si avalanse. Alte forme de
relief caracteristice sunt: custurile, umerii glaciari,
striurile, rocile mutonate §i morenele. Gelivatia a
determinat aparitia reliefului rezidual reprezentat de creste
ascutite, varfuri, forme de relief de acumulare, conuri de
grohotis, glacisuri, ghirlande de pietre, potcoave nivale.
In ansamblu, valea glaciard a Valsanului este o vale tipica
in care procesele postglaciare intense au ascuns in cea mai
mare parte elementele caracteristice rezultate in urma
actiunii ghetarilor, se pastreazd forma caracteristicd de
U”, iar umerii glaciari apar din loc in loc de sub glacisurile
si poalele de grohotis.

Cuvinte-cheie: Vilsan, gipfelflur, custura, glacis.

INTRODUCTION

The study of the glacial landforms of the
Romanian Carpathians started with Beobachtungen

tiber Tektonik und Gletscherspuren im Fogaraschen
Gebirge” in 1881, work in which P.W. Lehmann
makes references to the tectonics and glacial traces
from Fagaras Mountains. Here there are described
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for the first time a few glacial cirques and glacial
lakes on the north slope of these mountains,
between the peaks Negoiu and Gilasescu. The
moraine sediments are not so visible in the relief
because of the advanced decay which makes them
so hard to identify; moraines are hard to recognize
from the point of view of the shape and of the
structure of the material; striated rocks are rare, and
the erratic nature of many blocks is hard to
recognize as well.

For this reason Lehmann does not succeed to
identify moraines and cannot establish the maximal
expansion of the ice age. Demonstrating the law of
Partsch, he establishes the altitude of 1700 m as the
limit for the permanent snow during the ice age, he
insists over the independence of the cirques related

to the structure and the lithology, emphasising their
dependence on the altitude and the exposition.
Among the researchers who showed interest for the
study of the glacial landforms in the Carpathians
were the Romanian geologysts L. Mrazec, Gh.
Munteanu-Murgoci and Popovici-Hateg. L. Mrazec
notices the predominant exposure of the glacial
cirgues from the Alps of Transylvania towards
north and east.

Their dimension is bigger in comparison to the
southern slope. He identifies roches moutonnees,
glacial thresholds and lakes in the cirques. Starting
with 1898, Emmanuel de Martonne starts his field
campaigns in the Alps of Transylvania, giving a
special importance to the glacial landform (Fig. 1).
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Fig. 1 Glacial extension in the Alps of Transylvania. Emmanuel de Martonne (1900)

In his opinion, the glacial shaping of the
landform left in the Alps of Transylvania two very
characteristic types of geomorphological landscapes
well individualised:

- Borascu type, present in Godeanu, Tarcu,
Sureanu, Cindrel, Lotru, a part of Retezat and
Paraing and the eastern  branch of Fagaras,
characterized by a large extension of the platform of
the high peaks, spotted with glacial cirques.

- Fagaras type, present in Parang, Retezat and
Fagaras, where the cirques propagated and
developed till they reduced the platform to a very
sharp crest, while the glacial valleys which were
descending on the mountain’s slopes were
themselves separated by sharp crests (gipfelflur).

DATA AND METHODS

The study of the glacial relief from the valley of
Valsan river started with bureau methods, by this
meaning the study of the scientific literature
(Urdea, 1994,1998) but which referes especially to
others areas from the Fagiaras mountains, the basin
of Valsan being less known. The numerous field
trips consisted in observations, measurements,
photographs while studying the existing maps (sc.
1:25000), satellite images LANDSAT ETM +,
aerials images. The obtained results were processed
with the help of the programs: GLOBAL MAPPER
and ARCVIEW 3.2. There were made
measurements and map drawings of the glacial
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cirques, of the thresholds and identified the
moraines that were under big amounts of detritus, a
result of the postglacial cryonival processes.

The Fagaras Mountains

Until now, there were carried out many studies
on the field about the glacial morphology from the
Fagaras mountains. The most well-known are those
carried out by Emm. de Martonne (1907), R.
Luzerna (1908), E. Nedelcu (1959) (Fig. 2), I.
Sarcu (1958), Gr. Posea (1982) and M. Florea
(1986, 1989, 1998). Several studies on the
morphological and hydrological features of the
glacial lakes from the mountains were published by
O. Phleps (1914), A. Nastase (1960a, 1960b) and I.
Pisota (1956, 1957, 1958). Information about the
ice age from the Fagaras Mountains can be found in
the works of Th. Kriutner (1930) or St
Pawlowski (1936). The Fagaras Mountains have
over 175 glacial cirques (Posea et al., 1974),
grouped in glacial complexes, at the source of the
hydrographic thoroughfare. On the north slope,
between Moasa (2034m) and Lutele (2176m), a
cirque or a group of several cirques may be found at
the source of every valley. All the rivers here flow
into the OIt: Jibra, Avrig, Serbota, Sarata, Laita,
Valea Doamnei, Balea, Arpasel, Arpasu, Podragu,
Ucea Mare, Ucisoara, Vistea Mare, Vistisoara,
Sambata, Brezcioara, Urlea, Valea Dejanilor,
Berivoiu and Sebesu. On the southern slope, the
cirques form big glacial complexes due to the
presence of several hydrographic thoroughfares that
are more developed than the northern ones. Here,
the glacial landform groups itself at the sources of
the rivers Boia, Topolog, Capra, Buda, Valsan,
Valea Rea, Zarna and Dambovita.The W-E
direction of the main crest and the landform
ensemble of the two slopes, the northern one —short
and steep-, towards the Fagaras Hollow, and the
southern one — long, with gentle slopes, towards the
Subcarpathians basins, influenced the manner in
which the glaciers developed in the Quaternary. In
this way, even if the exposure is not favourable, the
longest valley glaciers formed in the south, reaching
in numerous cases 7 km in length (Florea, 1998),
while on the northern slope the valleys are shorter,
at most 5 km, but they are very deep. The glacial
cirques are well developed on the northern slope
Suru (2283 m) and Lutele (2176 m), having steep
walls and deep floor. In some situations, their
morphology is complicated by the presence of many
horizontal lobes and vertical stairs, as it happens on
Laita, Arpas, Sambata or Valea Dejanilor. On the
southern slope, there are present suspended cirques
at the source of the valleys whose glaciers were

coming out onto big glacial valleys as Capra, Buda
or Valea Rea.

e
Tong

J ___,,"% 7 3
Fig. 2 The glacial morphology of the Fagiras
Mountains. E. Nedelcu (1960)
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There occur cirques complexes with many
floors, sideway lobes and lacustrian hollows and
glacial channels. The glacial valleys of Fagaras,
especially those on the northern slope, have a
unique morphology for our country. Because of the
local base level, near and very low, represented by
the Fagdrag Basin, the preglacial hydrographic
thoroughfare became deeper in the slope of the
mountain, delimitating the alignment of the
secondary crests, perpendicular on the main one
(gipfelflur).

The valley glaciers start the glacial modelling
from the inferior side of the slopes and from the
fluviatile beds. Coarse rock as the crystal schist of
the Getic Nappe maintains the secondary crests
sharp and high, with steep slopes, while the former
fluvial valleys get an U - shape and in the
longitudinal profile they have steps. The great relief
difference between the surrounding peaks and the
former floor of the valley glacier can be found only
in the glacial valleys from the Fagaras Mountains,
due to the strong vertical erosion by the preglacial
rivers from Fagaras. For example, we can mention
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the Balea, Ucea Mare, Ucisoara, Vistea Mare and
Sambata glacial valleys, on the northern slope, or
Capra, on the southern one.

The landscape of the glacial valleys is completed
by the presence of a system of narrow glacial crests
and pyramidal peaks from our country, developed
on the both sides of the main crest, between the
peaks Serbota (2331 m) and Urlea (2473 m). These
were formed by glacial and periglacial processes
and it separates today a good part of the glacial
cirques and the valleys. The detailed morphology of
the cirques and the valleys is completed by the
presence of numerous micro and meso-scale forms,
glacial and sculptural forms as the hollows from the
erosion of the surface under the glacier filled with
lakes, the transfluence saddles, nunataks, roches
moutonnées, thresholds and polished surfaces or
glacial grooves.

The glacial lakes are on the both sides of the
main crest, at an average altitude of over 2000m.
Most of them occupy a central position in the
glacial cirques; a few are installed on the steps of
the glacial valleys, behind the thresholds. 26 lakes
have a permanent character, and in the years with
more humidity, there can be formed temporary
lakes-(Pisota, 1971). The frontal and lateral glacial
moraines are better kept on the southern wing than
on the northern one, where they have been strongly
washed by the postglacial erosion, because of the
high potential of erosion of the landform, due to the
inclined slope of the valley. Concerning the ice
ages, the majority of the studies (de Martonne,
1907; Phleps, 1914; Niculescu et al. 1960) bring
arguments in favour of the two glacial ages, Riss,
when the maximal expansion is reached, and Wiirm,
of less intensity. In 1982, Gr. Posea launches and
provides arguments with paleoclimatic and
morphological arguments regarding the
manifestation of the quaternary ice age in one
Wiirm period, with more levels of evolution.

For the limit of the permanent snows in the
Fagaras Mountains, during the glacial ages, there
were obtained different values, depending on the
author and on the used method. Lehmann (1885)
establishes a value between 1500 m - 2000 m, de
Martonne (1907) appreciates it at 1900 m, during
the first ice age, and 2100 during the second one,
and Lucerna estimates it at 1700 m (Florin, 2005).

The glacial landform of the Vélsan river basin
The Valsan river basin is located between the
Doamnei and Arges rivers, from east to west, on the
soutern side of the Fagdras Mountains. In the
Valsan basin, we can distinguish certain
particularities of the glacial landform. So, the

glacial landform of this branch of the Fagaras
mountains is characterized by the presence of a
small steep (200-300m), which favoured the
development of a long glacial valley with gentle
slopes and entailed the moraines sediments at the
foot of the valley. During the pre-Quaternary age,
through a faster deepening, the valleys pushed their
springs towards north, forming several levels of
erosion. In a transversal profile, the valleys have a
U shape, with periglacial glacises (Nedelea, 2005).

The main glacial forms on the Vilsan valley

The Vilsan glacial cirque (Fig. 3) or the Corrie
of Vaslan is located at the altitude of 2300 m, it has
small dimensions and small lakes, having its springs
here.

Vi il

Fig. 3 The Vilsan Glacial cirque

The bottom of the cirque is flat, being grafted on
mica-schists and gneiss which developed in small
hollows made by glacial erosion. The glacial
threshold situated at 2000m, with a height of 100 m,
is grafted on amphiboles (Fig. 4).

Fig. 4 Thé Vs?:lsari glacial thresvhold.

The glacial micro-landform of erosion within the
glacial cirques and valleys can be identified with
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difficulty because of the big amount of disintegrated
sediments from the slopes (the glacial striations —
forms that resulted from the friction between the
glacier and the lithological level) (Fig. 5, 7).

From Pos: 478734.125, 453046.262 To Pos: 479763.426, 452966.676
ABI M= = m - m e mem e

500 m 750 m 1031 m

25I|] m
Fig. 5 The Vilsan glacial cirque, cross section

L P s SN R ¢
Fig. 6 The Valsan glacial valley

Other landforms that are characteristic to this
glacial branch of the Valsan valley are: the pyramidal
peaks, which can be found on the both sides of the
valley, especially on the ridge between Vaslan and
Arges; glacis and roche moutonnées (Fig. 6).

The accumulation landforms are represented
by detritus resulted from the erosion manifested on
the riverbed and the lateral walls by the glaciers,
adding the effects of the weathering from the nearby
regions, and which is transported by the glaciers,
forming moraines (Fig. 8, 9).

The periglacial landform

The periglacial domain had an extended
development over the Fagaras Mountains during the
Upper Pleistocene. The cryonival processes affected
the region situated in the neighbouring of permanent
snow. The results of the periglacial processes can be
found in the studied area, in the high mountains
region, in the alpine and subalpine areas and at the
timberline.

The old periglacial sediments are mostly found in
the soils and vegetation. The postglacial evolution
took place on the background of a transition to a

softer climat which induced the modification of the
types of processes.

From Pos: 45° 34' 48.06" N, :To Pos: 45° 33' 55.76" N, 24" 43' 55.35" E

2200 m

2100 m

2000 m

250m 500m 750m 1000m 1250m 1648 m
Fig. 7 Longitudinal profile of the valley, with
emphasis on structural thresholds grafted onte
amphibolites

Fig. 9 The glacial debris in the Vélsan cirque (west
slope exhibition)

For the southern branch of the Fagiras mountains, a
change of the timberline with almost 1000 m can be
observed, so a part of the old preglacial sediments
were covered (Nedelea, 2005). The cryonival
processes imposed themselves and they are in
progress in various ways, depending on the local
conditions (altitude, the exposure of the slopes, the
massivity, and the angle of the slopes, rocks, but
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also temperature, wind and precipitation amount).
Mean temperatures are -2; — 0° C, while the average
precipitation amount is 1000 — 1400 mm per year.
The snow lasts for 150 — 200 days per year, while
the frost days are very humerous.

Micro cryogenic -landform

The gelifraction manifests itself accordingly to
the lythological structure on mica-schists, paragneiss,
gneiss and dolostones. The result is a ruiniform
landform, represented by pyramidal crests: Picuiata,
Piatra Taiata, Scarisoara, etc. (Fig. 10)

From Pos: 478667.566, 453214.034 To Pos: 477241.412, 447203.815

1.I]Ikm 2.I]Ikm 3.I]Ikm 4.I]Ikm 5.I]Ikm [i.[lillkmI
Fig. 10 Profile interfluve where ruiniform apparent
appearance, the result of gelifraction (Peak
Picuiata)

Periglacial sediments and structures

The screes formed as a result of the
gelification. They can be encountered at altitudes of
over 1800m and they are widely spread in the
Valsan valley. The avalanches and the downfalls
created the screes that often end up in the bed of the
rivers. They formed during the Pleistocene (big
masses of scree, fastened by the soil and
vegetation), but also during the Holocene (Fig. 11).

From Pos: 45" 33" 43.62" N, tTo Pos: 45° 33' 38.16" N, 24" 44" 27.15" E|

T T T T T
750m 1000 m 1250 m 1767 m

Fig. 11 Cross section highlighting the valley glacial
replate (2150-2250 m) and scree cones (1950-2000 m)

T T
250m 500 m

Rock glaciers

Rock glaciers are important accumulations of
desintegrated material that took the shape of lobes
which can move, taking the form of scree flows
(Haeberli, 1985). On the Vilsan valley they are
inactive, being covered by the alpine meadow.
Judging by relief’s aspect, the hillocks’ succesion,
waves, micro-hollows, some moraines which can be
found at over 1800m is possible to have functioned
as rock glacier in postglacial era. Nowdays these
forms can be met on the eastern and western slope

of the valley, at altitudes of 1700-1900m, with a
deplyoment of 200-300m lenght, being covered
with vegetation and recent gelifracts. They oriented
on the deployment direction of the glacial valley,
north — south. In spring the temperatures in this
sector are 5-6°C, indicating the lack of ice and
confirming the fossil character.

Solifluction

Solifluction implies a displacement of the
superficial bed, oversaturated with water that
produces in general on a waterproof or permeable
substratum. The solifluction lobes produce the
slopes with slopes of over 25° being particular
especially during spring, and it can be met on alpine
meadows above 1500m. This process is accentuated
by streaming and surface erosion. The solifluction
process is also favoured by the anthropic
intervention (sheep paths). They can be met on the
both slopes of the glacial valley, but it is more
spread on the western slope (the Scérisoara Peak)

Hillocks

They are at over 1800 m altitude (very rarely
beyond), on flat surfaces or with slopes of 10 — 15
degrees, on Borascu surface or in the cirque glacier
(Fig. 12). Its diameter measures 0.5 — 1m and they
don’t get over 0.5m in height. Next to solifluctions,
they are very widely spread. The hillocks have an
ice core that doesn’t melt till late spring. The
hillocks are formed from fine materials, from clay
and sandy clay with a few stones. They can be
encountered on the western slope of the Scarisoara
Peak and on the eastern slope of the Piatra Taiata
Peak. Their shaping is due to the gelifluction
processes, in humid conditions and to seasonal ice
which favours cryoturbation.

Fig. 12 Hillocks

Nival micro-landform

Avalanche corridors present a higher frequency
in the superior branch of Valsan, being at over 1900
m. These corridors have a higher frequency on the
left side of Valsan’s valley. The avalanche corridors
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from here are large, and at their basis we can see
important amounts of screes (Fig. 13).

Fig. 13 Avalanche corridors - Scirigoara Mare 2489m

Nival micro-hollows develop themselves on the
slopes, at their basis in the deposits of scree or on
the ridge surfaces with a reduced slope. They can be
located on the Borascu platform and on the Tuica
Peak. Other landforms which can be found in the
nival micro-landform are: nival niches on the

western slopes of the Valsan’s valley and the
protalus ramparts (accumulation forms found at the
basis of the nival niches) (Fig. 14).

Fig. 14 The protalus ramparts on the
right side of the glacial valley

CONCLUSION

The Vilsan glacial valley is a typical valley,
where the intense postglacial processes have hidden
the most of the characteristic elements resulted from
the action of the ice. The reduced slope determined
the modelling of a prolonged glacial valley, which
keeps the characteristic U — shape, and the glacises
show up from place to place under the foothill
scree. The manifestation of the postglacial cryonival
processes determined the covering of the bottom of

the valley with scree on wide areas, the water of the
river getting deeper until the basis level, uncovering
the old thresholds imposed by the structure or, on
certain zones, it created meanders imposed by
avalanches and scree cones. The advancement of
the timberline in the postglacial area makes difficult
the field reasearch, often being necessary that the
studies and the estimations to be made on the basis
of the information from the topographical and
geological maps (Fig. 15).
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Fig. 15 The glacial landforms in the Valsan river
basin (drawn by the author, after the topographic
map, scale 1:25000)
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Abstract

The Doamnei River basin, situated on the southern
slope of the Fagaras Massif, is a proper field to study the
glacial landforms, because it preserves the two types of
glacial landscape identified by Emm. De Martonne even
since 1907 for the Meridional Carpathians: the Fagaras
glacial landscape (typical alpine landscape) and the
Borascu glacial landscape. This paper intends to explain
some theoretical and practical aspects regarding the
correct definition and identification of glacial cirques, and
to provide a glacial typology that includes morphological,
genetic and topographic criteria. The paper also contains a
geomorphologic map (the result of a more extensive
analysis) of the glacial landforms in the Doamnei River
basin (with 7 glacial complexes, isolated glacial cirques,
glacio-nival cirques), the periglacial landforms and the
Borascu erosion surface.

Keywords: glacial cirques, typology, morphometry,
geomorphologic map, Doamnei River basin, Fagarag
Massif

INTRODUCTION

The eastern-central part of the southern side of
the Fagaras Massif corresponding to the Doamnei
River basin (Fig.1) preserves considerable
fragments of all Carpathian erosion surfaces
originally combined with relict glacial landforms
to form a unique and representative landscape of
the Romanian glaciated mountain areas.

The mountain basin of the Doamnei River is
characterized by a typical alpine, subalpine and
mountainous morphology. The main features of
this subunit are: prevalence of high hypsometric
steps (Fig. 1) that exceed 1600m altitude
(including 4 peaks over 2500m and 18 peaks over
2400m); high values of landform energy (400-
600m, exceeding 1000m locally for the areas
adjacent to the glacial valleys); high and steep
slopes (predominant slopes of and over 30°-50°);
high massiveness; well developed river network,
with a characteristic river density of 2-4 km/
sq.km; slopes moderately (W, SE) and well (S,
SW) exposed to solar radiation.

Rezumat. Caracteristici tipologice si
morfometrice ale circurilor glaciare din bazinul
Raului Doamnei (Masivul Fagaras).

Bazinul Raului Doamnei, situat pe versantul sudic al
Masivului Fagaras, este un teren adecvat de lucru pentru
studiul reliefului glaciar, deoarece cuprinde cele doua
tipuri distincte de peisaje glaciare identificate de Emm. De
Martonne inca din 1907 in Carpatii Meridionali: peisaj
glaciar de tip Fagaras (peisaj alpin tipic) si peisaj glaciar
de tip Borascu. Lucrarea incearca sa lamureasca unele
aspecte teoretice §i practice legate de definirea corecta si
identificarea circurilor si vailor glaciare, oferind o
tipologie glaciara care include criterii morfologice,
genetice si topografice. De asemenea, lucrarea cuprinde si
o harta geomorfologica (rezultat al unei analize mai
ample) a reliefului glaciar din bazinul R&ului Doamnei (cu
cele 7 complexe glaciare, circuri glaciare izolate, circuri
glacio-nivale), alaturi de formele periglaciare si suprafata
de nivelare Borascu.

Cuvinte-cheie: circuri glaciare, tipologie, morfometrie,
harta geomorfologica, bazinul Raului Doamnei, Masivul
Fagaras

Geology is represented by the mesozone
crystalline rocks (micaschists, gneisses,
paragneisses and insertions of crystalline limestones
and especially amphibolites). The lithologic
complexes are arranged in parallel east-west stripes
and most of them belong to the Arges Nappe
(Cumpana Unit), except for the main Fégaras ridge
(Fig. 2) that belong to the Moldoveanu Nappe
(Supragetae Unit).

The two types of glacial landscape identified by
Emmanuel De Martonne for the Meridional
Carpathians even since 1907 have their counterparts
in the intramontane basin of the Doamnei River.
The north-western intramontane basin shows a
typical alpine landscape (glacial landscape of
Fagaras type, Fig. 3): alpine ridges and sharp peaks
that form two distinct gipfelflur (Sércu, 1958)
levels, separated by large glacial cirques and
valleys. The great variety of landforms (sharp ridges
and arétes, horns, deep glacial cirques and valleys,
high and steep glacial thresholds, deep cols,
truncated spurs, etc.) is controlled by aspect,
structure and lithology. To the east and south, there
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is gradual passing to the glacial landscape of
Borascu type, with a large extent of the Carpathian
pediplaing, fragmented from place to place by
smaller glacial cirques (Fig. 4). In addition the relict
and actual periglacial landforms, the fluvial,
structural and lithological landforms occur.

The glaciers have occupied the heights of the
Meridional Carpathians since Riss and continued in
Wurm. The most favourable climatic conditions for
valley glaciers were in Riss, Wurm | and Wirm IlI.
There are questions regarding the number and age of
the glacial stages that affected the Meridional
Carpathians (Niculescu, et al. 1960; Niculescu, 1965;
Nedelcu, 1965; Posea et al., 1974; Reuther et al.,
2004; Urdea, 2004, 2005). Almost all researchers of

the last century concluded that there were two
distinct glacial stages: the first glacial stage, older
and more extended, favored large valley glaciers that
shaped the mountains at 1050-1300m or 1300-
1450m altitude (according to different authors) and
some terminal moraines preserved partially; the
second glacial stage, more recent and shorter than the
previous, favored glaciers that descended to 1300m
or 1600-1800m altitude (according to different
authors) and left better preserved moraines arranged
in stairs, corresponding to their retreat periods. There
is still the problem of dating these two glacial stages.
Most researchers accept either a Riss stage and a
Wirm stage with three periods, or one Wirm stage
with four periods.
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Fig. 1 The location of the studied area: the mountain basin of Doamnei River — area with relict glacial landforms

DATA AND METHODS

The identification of the 36 glacial cirques in

Doamnei River basin (Fig. 5) is based on:

- the existing topographic maps (scale 1:25000,
editions 1, 11, 1982-1983);

- the digital maps made in the programs
ArcView GIS 9 and CorelDraw 11 (starting
from the above mentioned topographic maps);

- the comparison of the digital maps with a
satellite image LANDSAT ETM+2000, made
at 705 km height on April 15, 1999;

- the existing references (Nedelcu, 1959; 1962);
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- the field observations, surveys and photographs
made in 2001-2006.

DISCUSSIONS

Glacial cirque operational  definition,
identification and delimitation in the basin of
Doamnei River

The glacial cirque - caldare, zanoaga, hdartop
(Romanian), cirque (French), corrie (Scotch), cwm
(Welsh), kar (German), nisch (Swedish), oule (in
the Pyrenees), botn and kjedel (Scandinavia) — is
well known to be the most characteristic form of
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glacial erosion. Therefore it is important to start  and to find an accurate method of glacial cirque
from a unanimously accepted definition of the identification and delimitation.
glacial cirque and its distinct morphologic elements,

riea 2473 Characteristic rocks of Suru formation from the upper
basin of Valea Rea: micaschist with garnet and feldspar
(Valea Rea glacial cirque), micaschist (Galasescu Mare
Bwyaia 2274m cirque), gnais amphfibolic (Vistea Mare Peak), crystalline
limestone (Galbena Peak), amphibolite (Valea Rea glacial

cirque and vallev) )
.‘

are 2462m Characteristic rocks of Cumpdna formation:
Cumpdna linear gneisses with biotite (left,
center) and muscovite (right)

LEGENDA
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Fig. 2. The geological map of the mountain basin of Doamnei River® (with representative rock samples)

Scarisoara Mare peak 2489m
Rosu peak 2430m

Galbena peak 2412m

Pojara glacial
diffluence saddle

Malita Saddle

! This geological map is the result of a complex study that involved field research and reference study (Balintoni et al.,
1986; Codarcea, Stancu, 1968; Gheuca, 1988; Pana, 1990; Harta geologica a R.S.R., scara 1:200000, foaia 92 c Sibiu,
1975; Harta geologica a R.S.R., scara 1:50000, foaia 109 ¢ Cumpana, 1985).
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Fig. 4. Landscape with glacial cirques (of Boriscu type) in Doamnei River basin: Hartoapele Leaotei glacial complex

There have been many definitions of the glacial
cirque, but the definition accepted by most
geomorphologists was formulated by 1.S.Evans and
N.Cox in 1974: , A cirque is a hollow, open
downstream but bounded upstream by the crest of a
steep slope (headwall) which is arcuate in plan
around a gentler sloping floor. It is glacial if the
floor has been affected by glacial erosion while part
of the headwall has developed subaerally, and a
drainage divide was located sufficiently close to the
top of the headwall (the cirque crest) for little or
none of the ice that fashioned the cirque to have
flowed in from outside”. Generally, the headwall
slope exceeds 35°, and the floor slope is lower than
20°. The floor slope is lower than the slopes of the
upstream headwall or the downstream threshold.

In most cases, the glacial cirque is made up of a
rounded basin, partially closed by steep walls, that
sometimes holds a small lake or cirque glacier
(Embleton and Hamann, 1988). In 1976, A.S.
Trenhaile defined a mature cirque as “one with an
arcuate plan shape, a steep headwall, a gently
sloping floor, and a raised lip .

A glacial cirque has three distinct morphologic
elements: the headwall, arcuate in plan, the glacial
floor or basin, often concave, and the glacial
threshold. These elements help distinguish the
glacial cirques among other landforms of
amphitheatre shape (torrential basins, landslide
scarp, etc.). Though cirque sizes vary, the
proportions of well developed (mature) cirques are
similar enough at first sight to recognize them
(Embleton and Hamann, 1988). Comparing the
results of glacial cirque research from different
regions of the world, Derbyshire and Evans (1976)
concluded that a common glacial cirque would have

38 Copyright © 2011 Forum geografic. S.C.G.P.M

700m in length, 250m in width, an area of 0.4
sq.km, an average slope of 20°-30° (average slope
above 45° or below 12° should be considered
suspicious, as they do not provide conditions of
rotational ice flow).

The 36 glacial cirques we identified in the
studied area have distinct characteristics due mainly
to the influence of preglacial landforms and aspect,
and less local tectonics, structure and lithology.
They are grouped in glacial complexes at the
springs of Doamnei River and its tributaries: Valea
Rea, Pojarna, Bandea, Dara, Leaota, Zarna, Britila,
to which there are added some additional isolated
cirques. The geomorphologic map (Fig. 6) shows
the glacial landforms in the Doamnei River basin,
with 7 glacial complexes, isolated glacial cirques, as
well as nival cirques, periglacial landforms and
fragments of the Borascu erosion surface.

Glacial cirque classification in the basin of
Doamnei River

The geomorphologic refereces provide different
classifications of the glacial cirques:

e according to the genetic criterion and the
glacier type (Evans and Cox, 1974);

e according to the size category, Evans and Cox
(1974) introduced a classification similar to the
hydrographic basins, with maximum 3 classes;

e according to the qualitative criterion, meaning
the development degree of a cirque, Trenhaile
(1976) distinguished between mature and immature
cirques. We consider mature cirques those with well
defined headwalls, extended floor of low slope,
formed by the coalescence of more lobes and
having sometimes more steps (for examples the
Valea Rea, Buduri, Galbena, Bandea, Hartoape,
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Lacul Rosu, Zarna, Jgheburoasa, Scarisoara Mare
cirques). The immature cirques have less defined

elements, a relative uniform slope crest — headwall
— floor; the floor is small, but it has a lower slope.
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e They are located laterally and hang above a
major glacial valley, just below the Borascu erosion
surface (for examples the Ludisor Sud, Jgheburoasa
Sud, Bouretu, Dara Est, Bandea Vest, Mutatoarea
Sud, Mocanul cirques). In the case of the Doamnei
River basin, one may add another cirque category of
intermediate development stage, with one or two
steps less defined and intermediate sizes compared
to the first mentioned two categories (for examples
the Scarisoara Mica, Taiat, Malita, Galasescu Mare,
Dara West, Britila cirques), a fact proven by the
morphologic analysis herein;

e according to the cirque general form, L.
Vilborg (1977) classified these glacial landforms

DOI: 10.5775/fg.2067-4635.2011.015.i

Fig. 5. Glacial cirque identification usihg the toographic map (A), a satellite image LANDSAT ET'M+ (B),
the digital model (C) and cirque delimitation (D)

into well developed cirques, less developed cirques,
shallowed cirques and destroyed cirques;

e according to the genetic criterion
combined with that of cirque location in
relation to major valleys, A.S. Trenhaile (1976)
found the groupings: valley-head cirques
(simple or twinned), valley-head complexes
(simple or twinned), valley-side cirques
(simple, twinned or valley-side complexes),
isolated cirques (simple, twinned or isolated
cirque complexes), and in addition nivation
hollows and mass movement hollows;
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Fig. 6. The Doamnei River basin: the map of glacial and periglacial landforms?

? This geomorphological map is the result of a more complex study that involved field research and the existing reference study (Barco, Nedelcu, 1974; Cotet,
Nedelcu, 1976; Evans, 1969, 1977; Grigore 1979; lelenicz, 2004; Popescu, lelenicz, 1981; Popescu, 1984; Posea, Grigore, Popescu, lelenicz, 1974; Posea, Popescu,
Ielenicz, Grigore, 1987; Simoni, 2005, 2008; Simoni, Flueraru, 2006; Sircu, 1958; Summerfield, 1994; Monografia geografica a R.P.R., 1960; Enciclopedia
geografica a Romaniei, 1982; Geografia Romaniei, 1983, 1987; Geomorphology: Critical Concepts in Geography, vol.IV. Glacial Geomorphology, 2004).
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e according to the form in plan, probably
the most important characteristic of the glacial
cirgue, Gh. Niculescu (1965) and other
geographers (Nedelcu, 1965; Posea et al., 1974;
Urdea, 2000, 2005; Toma, 2001) established the
following cirque types, characteristic of the
Romanian Carpathians:

- simple cirque, with moderate sizes, well
defined elements (floor, headwall, threshold),
semicircular contour, no steps. Examples of such
simple cirques in the Doamnei River basin are:
the Zbuciumatu, Cheia Bandei, Béndea Vest,
Bratilei cirques, Pojarna, Lineat, Malita, Bouretu
cirques;

- elongated cirque, an intermediate cirque-
valley form, widely open toward the glacial
valley, and its length at least one and a half
higher than its width (Niculescu, 1965). In the
Doamnei River basin, most elongated glacial
cirques have steps (twinned elongated cirques)
and the last threshold toward the glacial valley is
the highest: Rosu, Galasescu Mare, Gildsescu
Mic, Dara West, Zarna, Jgheburoasa Sud, Fata
Unsa, Ludisor Sud, Scarisoara Mica, Mutitoarea
North and Mutdtoarea South;

- complex/ compound/ conjugated cirque,
made up by the joint of two or more lobes,
separated by small crests, and therefore having a
festooned contour. In the studied area, these
cirques would belong to the category of mature
cirques, well developed, with steps (twinned),
having large sizes: Valea Rea, Buduri, Galbena,
Dara, Hartoape, Rosu Lake, Jgheburoasa,
Ludisor, Scarisoara Mare, Taiat;

- ,cirque in cirque” type has the headwall
festooned by smaller cirques of nivation hollow
aspect. These smaller cirques have small floor,
but all converge to the floor of the “mother”
cirque which is larger, located at a lower altitude
and bounded by a headwall actually representing
the thresholds of the smaller hanging cirques. The
only example in the studied area is Bandea glacial
cirque;

- glacial complexes/ cirque complexes
represent a grouping of different types of glacial
cirques (simple, elongated, complex), with
different locations in relation to major valley
(valley-head, valley-side), separated by crests,
ridges, peaks, all situated at the origin of a major
glacial valley. The following glacial complexes
developed in Doamnei River basin: Valea Rea,
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Béandea, Dara, Leaota, Zarna-Ludisor and Pojarna
(detailed analysed in my PhD thesis).

Other glacial cirque classifications (Nedelcu,
1959; Niculescu et al., 1960; Velcea, 1961;
Urdea, 2000; Toma, 2001) are based on other
qualitative criteria:

e the relation with the structure:
consequent, obsequent and subsequent cirques;

o the cirque aspect;

e the cirque form in the long profile:
twinned cirques (with steps) and simple cirques
(without steps). There are many causes of cirque
step formation: the change/ lift of snow limit
(Taylor, 1914, quoted by Embleton and King,
1975), the intermittent lift of mountain area (Fels,
1929, quoted by Embleton and King, 1975), the
simultaneous formation by ice joint between
cirques located at different altitudes (Cotton,
1942, quoted by Embleton and King, 1975), the
existence of more glaciations of different
magnitudes (Seddon, 1957, quoted by Embleton
and King, 1975);

e the shape of the cross
symmetrical and assymmentrical cirques.

These classifications correspond, or may be
applied to the regions the respective studies were
performed. Therefore, for a better
characterization of the glacial cirques in the
studied area, we tried to combine these
classifications within a taxonomic system that
includes suitable morphologic, genetic and
topographic criteria (Table 1).

The advantage of this classification resides in
the combination of many classification criteria, so
that anyone looking such table may state a few
general, but important characteristics of a glacial
cirque. For example, Rosu glacial cirque belongs
to Valea Rea glacial complex, is located valley-
side to the homonymous glacial valley, elongated,
twinned (with steps), symmetric and subsequent.
The morphometric characteristics and correlations
add details to these general characteristics.

profile:

Glacial cirque morphometry
The detailed morphometric analysis (including the
morphometric correlations) of the 36 glacial
cirques in Doamnei River basin aims at stating
some conclusions regarding the distribution,
genesis, shape and size of glacial cirque population
(Table 2).
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Table 1
Glacial cirque classification in Doamnei River basin
Location in Shape of
L . relation to . Shape of long P Relation to
Classification criteria ; : Form in plan - Cross
major glacial profile - structure
valley profile
S @
I 2 k=] =L L = c c
Glacial £ 8 |8E| 5|2 |s35/ 88| e8| 5| 8|8|¢2|¢s
acia Cirgue name = > | 22| g > |2e=2| E® 2 e £ | ol =
complex @ ) Eo| = S |ELS| =<5 €3 £ 2| 3|3
= | T |85| 8|S |5E8| 22 || E&| 5 |5|8|28
S| > Sl el ®] 3 E S| 2| &|8|3|°
= S
Valea Rea * * * *
Buduri * * * * =
Valea Rosu < - — - —
Rea
Galbena * * *
Zbuciumatu * * * * *
Bandea * * * * *
Cheia Bandea * * * *
Bandea Bandea West * * *
Gilasescu Mare * * *
Galasescu Mic * * *
Dara * * * *
Dara Dara West * * * *
Dara East * * * *
Hartoape * * * *
Leaota
Lacul Rosu * * * *
Zarna * * * * *
Jgheburoasa * * * * *

R Jgheburoasa S. * * * *
Zarna - — = — — —
Ludisor Fata Unsa

Ludisor * * * * *
Ludisor South 1 * * * *
Ludisor South 2 * * * *
Bratila * * * * *
Bratila Bratila South 1 * * * * *
Bratila South 2 * * * *
Pojarna * * * * *
Scarigoara Mare * * * * *
Pojarna | Scarigsoara Mica * * * *
Mutatoarea N. * * * *
Mutétoarea S. * * * *
Taiat * * * *
Lineat * * *
Isolated Mocanul * * *
cirques Malita * *
Bouretu West *
Bouretu East *

The glacial cirgue morphometry was analysed in
order to:

- identify the glacial cirques and differentiate
them among other landforms (nival cirques,
nival niches, torrential basins, etc.);

- establish their sizes and shapes;

- find relations between glacial cirque size and
shape;

- establish the importance of different parameters
of glacial cirque size, shape and localtion;

- design models of glacial cirque development in
a certain area and/ or glacial complex.
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Figure 7 shows the main lines that define a
glacial cirque. It is more difficult is to map correctly
the cirque limit or the cirque crest on the
topographic maps; one should consider that the
upper headwall evolved under supraglacial
conditions, and this contour line includes all the
contour lines widely concave toward the cirque, of
circular shape, having a steep wall upstream
(headwall). In case a cirque is directly cut in the
Borascu erosion surface, the delimitation is simple,
as the steep headwall is easily observed (e.g.

DOI: 10.5775/fg.2067-4635.2011.015.i



Forum geografic. Studii si cercetari de geografie si protectia mediului

Volume 10, Issue 1/ June 2011, pp. 35-49

Jgheburoasa, Malita cirques, etc.). But there are
many cases (especially the glacial cirques located
below the Fagdras main ridge) where above the
upper cirque limit there are sharp ridges and
pyramidal peaks representing fragments of a relief
older than the glacial one, although they were
eroded during the glacial periods under supraglacial
periglacial conditions and it is a mistake to include
them within the glacial cirques. Therefore it is
important to combine field observations with
satellite images, digital maps and topographic maps
in order to map correctly the separation line
between the cirque headwall and the steep slope of
the ridge or pyramidal peak above.

Secondly, one should trace a separation line
between cirque floor and headwall. The secondary

thresholds within the cirque are considered part of
the floor. The ideal floor gradient is below 200,
while the ideal headwall gradient exceeds 350, and
the limit between them should be traced at about
270 (Evans and Cox, 1995).

Figure 7 and Table 3 show the main lines and
elements that define a glacial cirque, while Table 2
shows the 26 morphometric parameters calculated
and analysed for the 36 glacial cirques in the
studied basin. The morphometric parameters
introduced by 1.S.Evans and N.Cox in 1995 are
generally used in such studies. We added other
parameters that we consider important for a better
morphometric characterization of the glacial cirques
(Table 2).

Table 2
The morphometric parameters of a glacial cirque
No. Morphometric parameter ® Unit of Method of calculation Category
measurement
V1 |Lowest floor altitude (lowalt) m
V2 | Medium floor altitude (flooralt) m (V3+V1)/2
V3 | Maximum floor altitude (maxflalt) m
V4 | Crest altitude on median axis (medcralt) m altitudes
V5 | Median cirque altitude (medalt) m (V4+V1)/2
V6 | Maximum crest altitude (maxcralt) m
V7 | Maximum above, within area draining into m
cirque (maxabalt)
V8 | Height on median axis (H) m V4-V1
V9 | Maximum floor amplitude (maxflampl) m V3-V1
V10 |Length of median axis, crest to threshold (L) m
V11 | Maximum width perpendicular to the median axis m
V12 |Headwall height crest to floor, on the median m V4 -V3
axis (wallht)
V13 | Width/ length ratio (widlen) V11/V10
V14 | Length/ width ratio (lenwid) V10/V11 sizes
V15 |Length/ height ratio (lenH) V10/V8
V16 |Perimeter (P) m
V17 |Floor area (fIS) km?
V18 | Cirque area (S) km?
V19 |Relative size km V18/V8
V20 | Main size km® 2 - V18 - V8 /3 (measured)
n - V10- V11-