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RISK MANAGEMENT STRATEGIES FOR LANDSLIDES IN EUROPEAN MOUNTAIN
REGIONS - CURRENT PRACTICE IN AUSTRIA AND FUTURE NEEDS

STRATEGII DE MANAGEMENT AL RISCULUI LA ALUNECARLDE TEREN IN
REGIUNILE MONTANE EUROPENE - PRACTICILE CURENTE IN AUSTRIA SI

NECESITATILE VIITOARE

Sven FUCHS?!, Markus HOLUB!?

Abstract: Risk management for natural hazards is based on risk assessment techniques, including
methods to determine the hazard potential and procedures to analyse and evaluate the damage
potential exposed. In European mountain regions, risk management for landslides is comparatively
reliable with respect to the hazard process, while suggestions for the assessment of values at risk
have only recently been introduced. Moreover, since neither geosystems nor social systems are static
in time and space, there is a particular need for the spatial and temporal analysis of risk. However,
reliable information related to tangible and intangible assets is still missing. Presenting the legal
framework of dealing with landslides and associated phenomena in Austria, the current state of the
art regarding mitigation concepts is presented, with a particular focus on land-use restrictions and
local structural protection. Future needs with respect to a sustainable protection of settlements and
infrastructure within the framework of integral risk management are presented.

Key words: landslides, variability, values at risk, vulnerability, local structural protection, risk
management
Cuvinte cheie: alunecari de teren, variabilitate, valori la risc, vulnerabilitate, protectie structurala

locala, managementul riscului

1. Introduction

The historical shift of a traditionally agricultural
society to a service industry- and leisure-oriented
society led to socioeconomic development in
mountain environments and foreland regions. This
shift is reflected by an increasing use of those areas
for settlement, industry, and recreation. On the other
hand, areas suitable for land development are
relatively scarce in mountain regions, e.g., in
Austria, only about 20 percent of the whole area is
appropriate for development activities (BEV, 2007).
Moreover, those areas are located line-shaped along
valley bottoms. In other mountain regions of Europe,
areas of economic activity interfere with areas
periodically affected by natural hazards such as
flood plains of the rivers or torrential fans developed
over centuries or even longer. Consequently, it
results a conflict between human requirements on the
one hand and naturally determined conditions on the
other hand. Due to an increasing concentration of
tangible and intangible assets and to an increasing
number of persons exposed to natural processes,
which in the case of harm to human life or property

1. Introducere

Transformarea istorica a unei societati traditional-
agrare intr-o societate orientata spre sectorul tertiar si
care acordi o mare importanta petrecerii timpului
liber a condus la dezvoltarea socioeconomica a
mediului montan si a regiunilor submontane. Aceasta
transformare se reflecta intr-o utilizare tot mai
pronuntatd a acestor arii pentru locuire, industrie si
recreere. Pe de alta parte, ariile favorabile amenajarii
terenurilor sunt destul de restranse Tn regiunile
montane. Spre exemplu, in Austria, doar aproximativ
20% din intreaga suprafata este potrivita pentru astfel
de activitati (BEV, 2007). Mai mult, acele arii
insotesc liniar partile inferioare ale viilor. Tn alte
regiuni montane europene, ariile de activitate
economica interfereaza cu ariile afectate periodic de
hazarde naturale, Tn aceasta situatie aflandu-se unele
lunci ale raurilor sau conuri torentiale dezvoltate de-a
lungul secolelor ori chiar in perioade mai indelungate.
Ca urmare, apare un conflict intre cerintele umane si
conditiile determinate natural. Tn conditiile unei tot
mai intense concentrari de bunuri materiale si
imateriale, a unui numar tot mai mare de persoane

! Institute of Mountain Risk Engineering, University of Natural Resources and Applied Life Sciences, Vienna
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are considered as natural hazards, there is an
emerging need for the consideration of risk in land-
use development.

Dealing with natural hazard processes has a long
tradition in European alpine countries. Early
attempts in dealing with natural hazards include the
establishment of official authorities in the second
half of the 19" century, e.g., in Switzerland in the
late 1870s (Frutiger 1980) and in Austria, in 1884
(Bergthaler 1975). For more than half a century,
technical mitigation measures were developed and
implemented. These active measures, which
represent the human reaction to hazard processes,
appeared to be the appropriate way to cope with this
challenge. There was little impetus toward an
integrative dealing with natural hazards before the
1950s and 1960s, when extreme events occurred
over wide areas of the Alps. Extraordinary
governmental expenditures involved with technical
coping strategies resulting from those extreme events
made traditional reactive measures increasingly
obsolete. Consequently, ideas of complementary
passive protection measures emerged, such as hazard
mapping and land-use restrictions.

Only recently, the responsible authorities in most
of the European mountain countries developed
theoretical models of integrated risk management,
which follow mainly the engineering approach to
express risk as a function of hazard and values at risk
(Republik Osterreich 1975, 1976; Repubblica Italiana
1998; Borter 1999, see Equation 1). Consequently,
information on the hazard potential and the related
probability of occurrence (pSi), the values at risk
exposed (AQj) and the vulnerability of objects at risk
(vOj, Si) is needed for the evaluation of risk. The
development of these models is strongly connected to
the considerable amount of damage in European
mountain regions and related forelands due to natural
hazards in recent years (Munich Re 2007).

Ri, j =f (pSi , AOj ,vOj,Si) (1)

The aim of this paper is to present the current
practice of hazard management strategies for
landslides in Austria and future needs with respect to
the holistic framework of risk management. Thereby,
the focus is not only on permanent and temporary
mitigation measures implemented by public
authorities nation-wide, but also on measures suitable
to reduce risk on a regional scale, such as local
structural protection of buildings. Furthermore, the
problem of risk evolution is addressed by a concept of
multi-temporal risk management.

2. Current practice of hazard management in
Austria

The legal foundations of dealing with natural
hazards in mountain regions of Austria are regulated
at federal level by the Forest Act (Republik
Osterreich 1975) in the respective current version.
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expuse proceselor naturale - care sunt considerate
hazarde naturale atunci cand afecteaza viata sau
proprietatea omului -, apare nevoia de a lua in
considerare riscul in amenajarea teritoriului.

Actiunile referitoare la hazardele naturale au o lunga
traditie in statele europene alpine. Unele dintre cele mai
vechi Tncercari de limitare a efectelor hazardelor naturale
includ infiintarea autoritatilor oficiale in a doua jumatate
a secolului al XIX-lea, spre exemplu in Elvetia, spre
sfarsitul anilor 1870 (Frutiger 1980) si in Austria, Tn
1884 (Bergthaler 1975). Pentru mai mult de jumatate de
secol, au fost dezvoltate si implementate masuri tehnice
de atenuare. Aceste masuri active, ce reprezinta reactia
umana la hazarde, au parut a fi modalitatea potrivita de a
face fatd acestei provocari. Actiunile integratoare
Tmpotriva hazardelor naturale au fost limitate inainte de
anii 1950 si 1960, cand fenomene extreme au avut loc pe
extinse arii  in  Alpi. Extraordinarele  sume
guvernamentale allocate pentru startegiile tehnice de a
face fata acelor fenomene extreme au facut ca masurile
de reactie traditionale sa devina perimate. Ca urmare, au
aparut idei pentru masuri complementare de protectie
pasiva, precum cartografierea hazardelor si restrictii in
utilizarea terenurilor.

Abia recent, autoritatile responsabile din majoritatea
statelor montane europene au dezvoltat modele
teoretice de management integrat al riscului, care
urmaresc  preponderent abordarea  inginereasca,
eprimand riscul ca o functie a hazardului si a valorilor
la risc (Republik Osterreich 1975, 1976; Repubblica
Italiana 1998; Borter 1999, vezi Relatia 1). Astfel,
pentru evaluarea riscului este nevoie de informatii cu
privire la potentialul hazardelor si probabilitatea de
aparitie a acestora (pSi), valorile expuse la risc (AOQj) si
vulnerabilitatea obiectelor la risc (vOj, Si). Dezvoltarea
acestor modele se afla in strAnsa legatura cu
distrugerile considerabile suferite de regiunile montane
europene si de ariile submontane limitrofe datorita
hazardelor naturale din ultimii ani (Munich Re 2007).

Ri, j =f (pSi, AQj ,vOj,Si) (1)

Scopul acestei lucrari este acela de a prezenta
stategiile curente de management al alunecérilor de
teren In Austria, precum si cel de a evidentia
necesitatile viitoare ce privesc intregul cadru de
management al riscului. Astfel, accentul nu a fost pus
pe masurile de atenuare permanente sau temporare,
implementate de autoritatile publice la nivel national,
ci pe masurile potrivite pentru reducerea riscului la
nivel regional, asa cum este protectia structurald
locala a constructiilor. Mai mult, problema evolutiei
riscului se reflecta in conceptul de management multi-
temporal al riscului.

2. Practicile curente de
hazardelor Tn Austria

Bazele legale ale actiunilor privitoare la hazardele
naturale in regiunile montane din Austria sunt
reglementate la nivel federal prin Actul Padurii (The

management al



According to this law, hazard maps have to be
provided to protect settlements and infrastructure
against natural hazards; the responsibility for the
compilation and implementation of these maps is
assigned to the Austrian Service for Torrent and
Avalanche Control (WLV), a subsidiary authority of
the Austrian Federal Ministry of Agriculture,
Forestry, Environment and Water Management
(Republik Osterreich 1975, § 11 Abs. 1). Further
regulations concerning the content, the form and the
specific design of hazard maps are defined in the
Decree on Hazard Zoning (Republik Osterreich
1976). According to this decree, hazard maps
provide the basis (1) for any planning and
implementation of mitigation measures by the WLV
as well as for the prioritisation of these measures,
and (2) for any planning activities concerning
regional development, land-use and construction
engineering. Thus, the overall aim of hazard
mapping is (1) to delineate areas endangered by
avalanches and landslides including torrent
processes, (2) to assess the level of exposure of such
areas, and (3) to depict areas used for mitigation
measures against these hazards.

Hazard maps are based on a design event with a
return period of 150 years and an event occurring
more frequently with a return period of 10 years
(Republik Osterreich 1976). In § 6 of the Decree on
Hazard Zoning, the criteria for delimitation of hazard
zones is prescribed. According to these prescriptions,
red hazard zones indicate areas where the permanent
utilisation for settlement and traffic purposes is not
possible or only possible with extraordinary efforts
for mitigation measures. Yellow hazard zones indicate
those areas where a permanent utilisation for
settlement and traffic purposes is impaired by hazard
processes. Furthermore, specific other areas have to
be displayed in the hazard maps: (1) Blue colours
mark areas to be provided for future mitigation
measures, (2) brown colours indicate areas affected by
landslides and rock fall and (3) purple colours indicate
areas that can be used as protection due to their
natural properties, such as protection forests or natural
retention basins.

As far as pure sliding processes and slumps are
addressed, the spatial extent of the mass movement
has to be described in the hazard map. Currently,
there are no regulations for a further classification of
such processes. With respect to hillslope debris flows
and shallow landslides, the lateral extent has to be
included and marked by red colour in the hazard map.
Torrent debris flows have to be classified according to
their accumulation height of < 0.7 m and = 0.7 m; the
respective areas have to be indicated in red and
yellow colour in the hazard maps.

According to Equation (1) it becomes apparent that
all parameters have a linear influence on the results of
risk analyses. The procedure of hazard assessment is
methodologically reliable in determining the hazard

Forest Act - Republik Osterreich 1975) in respectiva
versiune curenta. Conform acestei legi, pentru a
proteja localitatile si infrastructura Tmpotriva
hazardelor naturale trebuie sa fie furnizate harti;
responsabilitatea pentru realizarea si implementarea
acestor harti revine Serviciului Austriac pentru
Controlul Torentilor si  Avalanselor (WLV), o
autoritate subsidiara a Ministerului Austriac Federal al
Agriculturii, Silviculturii, Mediului si Gospodaririi
Apelor (Republik Osterreich 1975, § 11 Abs. 1).
Reglementarile ulterioare referitoare la continutul,
forma si proiectul specific al hargilor hazardelor sunt
definite Tn Decretul asupra Zonirii Hazardelor
(Republik Osterreich 1976). Tn conformitate cu acest
decret, hartile hazardelor furnizeaza baza (1) pentru
planificarea si implementarea oricaror masuri de
atenuare, de catre WLF, precum si pentru prioritizarea
acestor masuri si (2) pentru orice activitati de
planificare referitoare la dezvoltarea regionala,
utilizarea terenurilor si ingineria constructiilor. Astfel,
scopul general al cartografierii hazardelor este (1) de a
delimita ariile expuse avalanselor si alunecarilor,
inclusiv proceselor torentiale, (2) de a evalua nivelul
expunerii acestor arii si (3) de a descrie ariile folosite
pentru masurile de atenuare a acestor hazarde.

Hartile hazardelor se bazeaza pe un eveniment
determinat, ce are o perioada de reintoarcere de 150 ani
si pe un eveniment ce se produce mai frecvent, avand o
perioadi de reintoarcere de 10 ani (Republik Osterreich
1976). Criteriile pentru delimitarea zonelor cu hazarde
sunt cuprinse in § 6 al Decretului asupra Zonarii
Hazardelor. Conform acestor prevederi, zonele rosii
indica ariile unde locuirea sau transportul nu sunt
posibile, ori se pot realiza doar cu eforturi extraordinare
pentru masuri de atenuare. Zonele galbene indica acele
areale in care hazardele pun n primejdie traficul sau
locuirea permanentid. Mai mult, alte areale specifice
trebuie sa fie prezentate pe hartile hazardelor: (1)
albastrul marcheaza acele arii ce trebuie avute in
vedere pentru viitoarele masuri de atenuare, (2)
nuantele de maro indica arealele afectate de aluecari de
teren si de caderi de pietre si (3) purpuriul indica
arealele ce pot fi folosite ca protectie, datorita
trasaturilor lor naturale, Tn aceasta categorie fiind
cuprinse padurile de protectie sau bazinele de retentie
naturale.

Atunci cand se face referire la procesele pure de
alunecare sau la prabusiri, extinderea spatiali a
deplasarii trebuie sa fie descrisa in harta hazardelor.
Tn prezent, nu exista reglementari pentru o clasificare
suplimentara a acestor procese. Cat priveste curgerile
de sedimente de pe versanti si alunecarile superficiale,
extensiunea laterala trebuie sa fie inclusa in harta
hazardelor, fiind marcata cu rosu. Curgerile torentiale
de sedimente trebuie sa fie clasificate Tn functie de
Tnaltimea acumularii lor de < 0,7 m si = 0,7 m; ariile
respective trebuie sa fie indicate in hartile hazardelor
prin culorile rosu si galben.

Conform Relatiei (1), devine evident faptul ca toti



potential and the related probability of occurrence
(pSi) by studying, modelling, and assessing individual
processes and defined design events (Kienholz and
Krummenacher 1995; Heinimann et al. 1998). So far,
little attention has been given to the damage potential
(AOj) affected by hazard processes, particularly
concerning spatial patterns and temporal shifts.
Furthermore, studies related to the vulnerability of the
object (vOj, Si) to a defined scenario have
predominantly been carried out so far as proposals to
determine the risk of property and human life with the
focus on a specific location and a specific point in
time (Heinimann et al. 1998; Borter 1999; Barbolini
et al. 2004; Fuchs et al. 20074, b).

Socioeconomic developments in the human-
made environment led to an asset concentration and
to a shift in urban and suburban population in
European mountain regions. Thus, the temporal
variability of damage potential is an important key
variable in the consideration of risk. Recently,
conceptual studies related to the temporal
variability of damage potential exposed to hazards
have been carried out, focusing both, the long-term
and the short-term temporal evolution of indicators
(Fuchs et al. 2005; Keiler et al. 2005; Zischg et al.
2005; Keiler et al. 2006a). Furthermore, owing to
the requirement of economic efficiency of public
expenditures on mitigation measures, there is a
need for a precautionary, sustainable dealing with
natural hazard phenomena, taking into account
particularly the values at risk (Benson and Clay
2004; Dilley et al. 2005; Johnson et al. 2005; Fuchs
et al. 2007c).

3. Assessment of values at risk

Currently, only few conceptual suggestions and
operational methods are available for the
comprehensive assessment of values at risk
endangered by natural hazards (Wilhelm 1997;
Heinimann et al. 1998). Accordingly, the evaluation
of damage potential is often based on subjective
estimations rather than on widely-accepted
standardised approaches. Hence, results of such
assessments are rarely comparable and do not
necessarily mirror the actual situation satisfyingly.
With respect to integral risk management, the
assessment of values at risk has to be based on a
spatially explicit valuation using GIS techniques.
Thus, the following procedures outlined in Borter
(1999) and further developed by Keiler et al. (2006
b) are recommended for an area-wide application in
European mountain regions with respect to persons,
infrastructure lines and buildings at risk.

The basis for this procedure is a digitised layer
of the values at risk, e.g. a building shapefile
originating from orthophotos and information
extracted from the land register plan. The surface
covered by buildings provides the source for any
further economic valuation. This valuation is

parametrii au o influenta liniara asupra rezultatelor
analizelor de risc. Procedura de evauare a hazardelor
este fiabila, din punct de vedere metodologic, in
determinarea potentialului hazardelor si a probabilitatii
lor de aparitie (pSi), prin studierea, modelarea si
evaluarea unor procese individuale si a unor
evenimente stabilite (Kienholz si Krummenacher 1995;
Heinimann et al. 1998). Pana n prezent, a fost acordata
0 atentie redusid elementelor potential afectate de
hazarde (AQj) si Tn mod special modelelor lor spatiale
si schimbarilor temporale. Mai mult, au fost realizate
predominant studii cu privire la vulnerabilitatea
obiectului (vOj, Si) in cadrul unui scenariu determinat,
ca propuneri pentru determinarea riscului la care sunt
supuse bunurile materiale si viata omului, accentul
fiind pus pe coordonate clare de spatiu si timp
(Heinimann et al. 1998; Borter 1999; Barbolini et al.
2004; Fuchs et al. 20074, b).

Dezvoltarea socioeconomica a condus la o
concentrare de bunuri materiale si la 0 modificare a
populatiei urbane si suburbane din regiunile montane
europene. Astfel, modificarea temporald elementelor
potential afectate reprezinta o variabila cheie Tn analiza
riscului. Recent, au fost realizate studii conceptuale
referitoare la variabilitatea temporala a elementelor
potential afectate de hazarde, atentia concentrandu-se
asupra evolutiei temporale a indicatorilor atat pe
termen lung, cat si pe termen scurt (Fuchs et al. 2005;
Keiler et al. 2005; Zischg et al. 2005; Keiler et al.
2006a). Tn plus, in conditiile eficientei economice a
cheltuieilor publice cu masurile de atenuare, exista
necesitatea abordarii durabile, preventive a hazardelor
naturale, tindnd seama in mod special de valorile la risc
(Benson si Clay 2004; Dilley et al. 2005; Johnson et al.
2005; Fuchs et al. 2007c¢).

3 Evaluarea elementelor la risc

Tn prezent, un numar redus de sugestii conceptuale si
metode operationale sunt disponibile pentru evaluarea
cuprinzatoare a elementelor la risc, amenintate de
hazardele naturale (Wilhelm 1997; Heinimann et al.
1998). Tn consecinti, evaluarea pagubelor potentiale se
realizeaza adesea pe baza unor estimari subiective si nu
a unor abordari standardizate general-acceptate. Prin
urmare, rezultatele acestor evaluari sunt rareori
comparabile si nu oglindesc satisfacator starea de fapt.
Cat priveste managementul integral al riscului, evaluarea
valorilor la risc trebuie si se bazeze pe o expertiza
spatiala explicita, utilizand tehnicile GIS. Urmatoarele
proceduri subliniate de Borter (1999) si dezvoltate de
Keiler et al. (2006 b) sunt recomandate pentru aplicarea
la scara larga n regiunile montane europene, in ceea ce
priveste populatia, liniile de infrastructura si constructiile
supuse larisc.

Baza acestei proceduri este reprezentati de un layer
digitizat cuprinzand elementele la risc, spre exemplu un
shapefile al constructiilor, realizat pe baza
ortofotoplaurilor si a informatiilor extrase din planurile
de amenajare a teritoriului. Suprafaga ocupata de cladiri



carried out by means of average reconstruction
values for different building categories, multiplied
by further characteristics of these buildings such as
building height and technical equipment, see Table
1. The number of persons at risk is derived from the
number of households per building and multiplied
by the average number of persons per household,
e.g. by using information from the respective
national statistical offices. If a considerable amount
of wvalues at risk is comprised by tourist
infrastructure, the number of tourists being present
in endangered buildings could be derived from the
number of beds in the hotel and restaurant industry,
multiplied by the respective rate of occupation.

ofera sursa oricarei evaluari economice ulterioare.
Aceasta evaluare este realizata cu ajutorul valorilor
medii de reconstructie pentru diferite categorii de cladiri,
multiplicate cu alte caracteristici ale acestor cladiri,
precum inaltimea si echiparea tehnica (vezi Tabelul 1).
Numarul persoanelor la risc deriva din numarul
gospodariilor/constructie si este multiplicat cu numarul
mediu de personae/gospodarie, de exemplu prin
utilizarea informatiilor de la respectivele birouri
statistice nationale. Daca infrastructua turistica cuprinde
0 parte considerabila a valorilor la risc, numarul turistilor
prezenti in cladirile periclitate poate fi derivat din
numarul de paturi din reteaua hoteliera si de restaurante,
multiplicat cu respectiva rata de ocupare.

Table no. 1/ Tabelul nr. 1

Average reconstruction values for buildings in Austria applied in the GIS-based assessment of values at risk (Keiler
et al. 2006b:122) / Valorile medii de reconstructie pentru cladirile din Austria aplicate in evaluarea pe baza GIS a
valorilor la risc (Keiler et al. 2006b:122)

Type of building/ _ Floor height [m]/ Number of floors/ Value/m3 [€]/
Tipul de cadire Inaltimea etajului [m] Numir de etaje Valoare/ ms [€]

Detached house/
Casa individuala 28 35 350
Apiarj[ment building/ 28 40 385
Cladire cu apartamente
Hotel/Hotel 3.0 5.0 528
B&B/Pensiune 3.0 3.5 435
Restaurant/Restaurant 3.0 3.0 399
Public building/
Cladire publica 35 35 406
Office/Birou 3.5 1.0 342
Shop/Magazin 4.0 1.0 330
Garage/Garaj 4.0 1.0 212
Barn/Hambar 2.8 1.0 200
Haystack/Stog 6.8 1.0 94
quqorgs_mm_mmgg pool/ 6.0 10 601
Piscina interioara
Gym/
Sala de gimnastica 6.0 10 160
Carpark/Parcare 2.8 1.0 235

As a result, a relational database is developed
within the GIS environment, containing spatially
precise information on the economic value of
buildings at risk, and the number of inhabitants and
tourists. If necessary, people at risk can be further
evaluated using economic techniques such as the
human capital approach (Fuchs and McAlpin 2005), a
well established method derived from the insurance
industry (e.g., Pommerehne and Romer 1992; Leiter
and Pruckner 2005). A similar approach is
recommended for infrastructure lines in Zischg et al.
(2004) based on earlier works by Wilhelm (1997).
Hence, the damage potential is monetised and can be
further processed with respect to the risk equation
(Equation 1). Therefore, information on the
vulnerability of values at risk is necessary.

Tn consecinta, o bazi de date relationali este realizata
n mediul GIS, prezentand spatial informatii clare asupra
valorii economice a cladirilor la risc si asupra numarului
de locuitori si turisti. Daca este necesar, populatia la risc
poate fi ulterior evaluata prin utilizarea unor tehnici
economice, precum abordarea capitalului uman (Fuchs
si McAlpin 2005), o metoda bine stabilita, derivata din
industria asigurarilor (Pommerehne si Romer 1992;
Leiter si Pruckner 2005). O abordare similara este
recomandata pentru liniile de infrastructura Tn Zischg et
al. (2004), pe baza unor lucrari anterioare ale lui
Wilhelm (1997). Tn consecinti, elementelor potential
pagubite li se atribuie valoare monetara si pot fi ulterior
analizate Tn relatie cu ecuatia riscului (Relatia 1). Asadar,
sunt necesare informatiile cu privire la vulnerabilitatea
valorilor la risc.



4. Assessment of vulnerability

From a natural science perspective, vulnerability
is usually considered as a function of a given process
intensity towards physical structures, and is therefore
related to the susceptibility of elements at risk. Thus,
vulnerability — often referred to as ‘technical’ or
‘physical’ vulnerability in this context — is defined as
the expected degree of loss for an element at risk as
a consequence of a certain event (Fell 1994; Varnes
1984). Consequently, the vulnerability value ranges
from 0 (ho damage) to 1 (complete destruction). Its
assessment involves in many cases the evaluation of
several different parameters and factors such as
building materials and techniques, state of
maintenance, presence of protection structures,
presence of warning systems and so on (Fell 1994;
Fell and Hartford 1997). On the impact side,
empirical process parameters such as the intensity
have to be analysed based on theories of probability,
which is wusually undertaken by mapping the
geomorphologic disposition and the extent of
previous events, and by modelling (defined design)
events. Even if the latter perspective of vulnerability
has been subject to extensive research and practical
application for the last decades, considerable gaps
still exist with respect to standardised equations
allowing for a wider application of technical
vulnerability assessments (Glade 2003; Fuchs et al.
2007a, b). This has to be attributed to the overall
lack of data, in particular concerning losses caused
by mountain hazards, often as a result of missing
empirical quantification. Recently, promising
approaches for a quantification of vulnerability have
been made by Wilhelm (1997), Borter (1999) and
Barbolini et al. (2004) with respect to avalanches
and rock fall processes, respectively. However,
sound suggestions for landslides and torrent
processes are still outstanding, even if these
processes caused major losses in the Alps in recent
years (Fraefel et al. 2004; Fuchs et al. 2007 a;
Romang et al. 2003).

A review of existing approaches with respect to
landslide risk assessment is provided by Glade (2003)
and Fuchs et al (2007a), and summarised with respect
to landslides and torrent processes in Table 2. The
approaches for the evaluation of vulnerability vary
significantly in detail of analysis and resulting
numerical values. Although vulnerability is part of
consequence evaluation, many approaches do neither
specify the type of process they are applicable to (e.g.,
landslides, debris flows, hyperconcentrated flows),
nor the physical mechanisms (e.g., travel distance) or
the structural resistance of an endangered object. In
particular, information on the process intensity is
often missing and is therefore only described semi-
guantitatively. Moreover, in none of the studies the
universal set and the sample taken for empirical
calculations were clearly specified.

Recent studies by Fuchs et al. (2007a, b) suggested
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4. Evaluarea vulnerabilitatii

Din perspectiva stiintelor naturale, vulnerabilitatea
este, Tn mod obisnuit, vazuta ca o functie a intensitatii
unui proces dat asupra structurilor fizice, fiind, asadar,
legata de susceptibilitatea elementelor la risc. Astfel,
vulnerabilitatea adesea numita vulnerabilitate
»ehnica” ori ,fizicd” Tn acest context — reprezinta
gradul asteptat de pierderi pentru un element la risc, ca
urmare a unui anumit eveniment (Fell 1994; Varnes
1984). Tn consecinta, valoarea vulnerabilititii variaza
de la 0 (nici o pagubd) la 1 (distrugere completa).
Evaluarea sa implica, in multe cazuri, estimarea mai
multor parametri si factori diferiti, precum materialele
si tehnicile de constructie, starea de Tntretinere,
prezenta structurilor de protectie, a sistemelor de
alarmare s.a. (Fell 1994; Fell si Hartford 1997). Tn ceea
ce priveste impactul, parametrii empirici ai procesului,
precum intensitatea, trebuie sa fie analizati pe baza
unor teorii ale probabilitatii, aceasta realizandu-se, de
obicei, prin cartografierea dispunerii geomorfologice si
a proportiilor evenimentelor anterioare si prin
modelarea evenimentelor. Chiar daca aceasta ultima
perspectivi a wvulnerabilitatii a fost subiectul unor
ample cercetari si aplicatii practice pe parcursul
ultimelor decade, exista Tnca goluri considerabile in
ceea ce priveste ecuatiile standardizate care permit o
mai larga aplicare a evaluarii vulnerabilitatii tehnice
(Glade 2003; Fuchs et al. 2007 a, b). Aceasta situatie
trebuie pusa pe seama lipsei generale de date, Tn
particular referitoare la pagubele cauzate de hazarde in
zonele montane, adesea ca urmare a lipsei cuantificarii
empirice. Recent, abordari promitatoare pentru o
cuantificare a vulnerabilitatii - respectiv cu privire la
avalanse si la caderile de roci - au fost realizate de catre
Wilhelm (1997), Borter (1999) si Barbolini et al.
(2004). Totusi, sugestiile solide referitoare la
alunecarile de teren si la procesele de torent sunt inca
insuficiente, chiar daca aceste procese au cauzat
pierderi majore in Alpi, n ultimii ani (Fraefel et al.
2004; Fuchs et al. 2007 a; Romang et al. 2003).

O prezentare a abordarilor existente referitoare la
evaluarea riscului la alunecari este oferita de Glade
(2003) si Fuchs et al (2007a); Tabelul 2 prezinta un
rezumat al acesteia, cu privire speciala asupra
proceselor de alunecare si de torent. Abordarile
referitoare la evaluarea vulnerabilitatii variaza in mod
semnificativ in detaliul analizei si in valorile numerice
rezultate. Desi vulnerabilitatea este parte a evaluarii
consecintelor, numeroase abordari nu precizeaza tipul
procesului la care sunt aplicabile (de exemplu,
alunecdri de teren, curgeri de sedimente, curgeri
hiperconcentrate) si nici mecanismele fizice (de
exemplu, distanta deplasarii) sau rezistenta structurala a
unui obiect expus pericolului. Tn particular, lipsesc
adesea informatiile despre intensitatea proceselor,
descrierea fiind, asadar, realizatd numai semi-cantitativ.
Mai mult, setul general si mostrele luate pentru calcule
empirice nu au fost clar specificate Tn niciun studiu.

Studii recente realizate de Fuchs et al. (2007a, b)



that the vulnerability for buildings located on a torrent
fan will be overestimated if such values are applied
during the assessment of risk. Furthermore,
vulnerability is considerably decreased if local
structural protection measures are implemented.

However, further studies are needed in order to
enhance the database on losses resulting from
landslides, and to enable the development of a
vulnerability function applicable on different
spatial scales. Until now, standardised values for
average loss are used instead by WLV for the
operational application within cost-benefit analyses
for protective measures (BMLFUW 2005).
Following these guidelines, the uniform damage of
average buildings resulting from landslides is
estimated to be € 28,800. However, there is some
evidence from recently analysed data that these
average values do not mirror the vulnerability of
buildings towards landslides precisely with high
accuracy (Fuchs et al. 2007a).

au sugerat faptul ca vulnerabilitatea cladirilor situate
pe conul de dejectie al unui torent va fi supraestimata
daca asemenea valori sunt aplicate in timpul evaluarii
riscului. Mai mult, vulnerabilitatea scade considerabil
daca sunt implementate masuri structurale de protectie
la nivel local.

Cu toate acestea, sunt necesare si alte studii pentru a
spori baza de date referitoare la pierderile cauzate de
alunecarile de teren si pentru a face posibila
dezvoltarea unei functii a vulnerabilitatii care sa poata
fi aplicata la diferite scari spatiale. Pana acum, valori
standardizate pentru pierderile medii au fost folosite de
WLV pentru aplicarea operationald in analizele cost-
beneficiu pentru masurile de protectie (BMLFUW
2005). Urmand aceste linii directoare, pierderile
uniforme cauzate de alunecéri care au afectat cladirile
medii sunt estimate la 28 800 €. Totusi, datele recent
analizate dovedesc faptul ca aceste valori medii nu
oglindesc cu exactitate vulnerabilitatea cladirilor la
alunecari (Fuchs et al. 2007a).

Table no. 2/ Tabelul nr. 2

Compilation of different suggestions related to an assessment of vulnerability of structural elements with respect to
landslides and torrent processes (Fuchs et al. 2007a:500) /
Compilatie a diferitelor sugestii referitoare la o evaluare a vulnerabilitatii elementelor structurale cu privire la
procesele de alunecare si de torentialitate (Fuchs et al. 2007a:500)

Intensity/Intensitate
qualitative/calitativa (semi-)quantitative/(semi-)cantitativa
low/ medium/ high/ very high/ low/ medium high/ very high/
mica medie mare foarte mare mica /medie mare foarte mare
28 22
5 5 5 5 o EE EE 5
L m LT L m L m L s oV N < L m
£ o b= s o b= E o ¥ > >4 bS]
8% g% g% 3% 2% sz | 2= | 2%
og zg zg zg og E g SE og
3] o @ o @ o o S o — — o @
c c c c =i c o Vv — — A c o
oY Ac
§ g (1) Leone et al. (1995/1996); Finaly not linked to process intensity/
@ S £ _(1996) nu este legata de intensitatea procesului
£ = % (2) Cardinali et al. (2002) superficial/ | functional/ | structural/ | structural/
k=) z © superficiala | functionala | structurald | structurala
2 g |L(3) Fell and Hartford (1997) 0.1 0.4 0.7 1.0
S g (4) Michael-Leiba et al. (2003) 0.1 (distal) 1.0 (proximal)
> £ (5) Bell and Glade (2004) 01 0.2 05 not specified/
= © ' ) ' nespecificata
2 1]
s 2 (6) Romang (2004) not specified/ 01-02 05 not specified/
= £ nespecificata| =~ ) nespecificata
> § (7) Borter (1999) [for channel debris not specified/ 0.1 0.5 not specified/
= flows/pentru curgerile de sedimente pe vai] nespecificata nespecificata

5. Protective measures

In Austria, strategies to prevent or to reduce the
effects of natural hazards in areas of settlements and
economic activities trace back in the mediaeval times;
official authorities were only founded in 1884 (Langer
2003) based on a first legal regulation
(Osterreichisch-Ungarische Monarchie 1884). In the
second half of the 19" and in the early 20" century,
protection against natural hazards was mainly
organised by implementing permanent measures in
the upper parts of the catchments to retain solids from
erosion and in the release areas of avalanches. These
measures were supplemented by silvicultural efforts
to afforest high altitudes. Since the 1950s such
conventional mitigation concepts — which aimed at
decreasing both, the intensity and the frequency of

5. Masuri de protectie

Tn Austria, strategiile pentru prevenirea sau
reducerea efectelor hazardelor naturale 1in ariile
destinate locuirii sau activitatilor economice dateaza
din perioada medievala; autoritatile oficiale au aparut
abia in 1884 (L&nger 2003), pe baza unei prime
reglementari  oficiale  (Osterreichisch-Ungarische
Monarchie 1884). Tn cea de-a doua parte a secolului al
XIX-lea si in prima parte a urmatorului secol, protectia
impotriva hazardelor naturale a fost organizata
Tndeosebi prin implementarea masurilor permanente in
partea superioara a bazinelor de alimentare, pentru a
impiedica eroziunea solului, precum si in ariile_afectate
de avalange. Aceste masuri au fost suplimentate prin
eforturi de impadurire a ariilor aflate la altitudini mari.
Din 1950, acestor concepte conventionale de atenuare —
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events — were increasingly complemented by more
sophisticated technical mitigation measures. Until the
1970s, mitigation concepts mainly aimed at the
deflection of hazard processes into areas not used for
settlements.

5.1 Conventional mitigation within the
framework of integral risk management

In the Republic of Austria, conventional mitigation
of natural hazards institutionally originates from the
1890s when the French system of forest-technical
torrent and avalanche control was adopted. Watershed
management measures, forest-biological and soil bio-
engineering measures, as well as technical measures
(construction material: timber and stone masonry) had
been implemented. Thus, conventional mitigation
concepts only consider technical structures within the
catchment, along the channel system or track and in
the deposition area. According to the approach of
disposition management (reducing the probability of
occurrence of natural hazards) and event management
(interfering the transport process of the hazard itself),
a wide range of technical measures is applicable
(HUbl and Fiebiger 2005).

Conventional  technical — measures  against
landslides, such as deflection and retention walls and
dams, as well as torrential barriers against torrent
related mass movements, are not only very cost-
intensive in construction, moreover, they interfere
with the ecology of the adjacent landscape (e.g.,
Belsky and Jarabac 2004; Mayer 2004; Rudolf-
Miklau and Patek 2004). Additionally, because of a
limited lifetime and therefore an increasing
complexity of maintenance in high-mountain regions,
future feasibility of technical structures is restricted
due to a scarceness of financial resources provided by
responsible authorities (Weinmeister 2005). If
maintenance is neglected, mitigation measures will
become ineffective and can even increase the
catastrophic potential of natural hazards. Since
conventional technical measures do neither guarantee
reliability nor complete safety (Schmid 2005), a
residual risk of damage to buildings, infrastructure
and harm to people remains.

Experiences from last years suggested that values
at risk and spatial planning should be increasingly
considered within the framework of natural hazard
reduction (Kanonier 2006). To meet this goal, integral
risk management strategies seem to be a valuable
instrument to reduce the susceptibility of buildings
and infrastructure to natural hazards and to develop
strategies for a strengthened resistance, above all by
means of local protection measures.

5.2 Local protection measures

Besides  conventional  technical — mitigation
measures, structural precaution is achieved by an
adapted construction design and the appropriate use of
an object. Structural precaution is the main
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care aveau scopul de a scadea atét intensitatea cat si
frecventa evenimentelor — li s-au adaugat tot mai mult
masuri tehnice de atenuare mai sofisticate. Pana in
1970, conceptele de atenuare tindeau mai ales spre
devierea hazardelor in ariile nefolosite pentru locuire.

5.1 Atenuarea convengionald 1Tn cadrul
managementului integral al riscului

n Republica Austria, atenuarea conventionala a
hazardelor naturale dateaza, la nivel institutional, din
1890, cand a fost adoptat sistemul francez de control
forestier-tehnic al torentilor si avalanselor. Au fost
implementate masuri de management al cumpenei de
ape, masuri forestier-biologice si de bio-ingineria
solului, precum si masuri tehnice (materialele de
constructii:  zidarie de piatra si lemn). Astfel,
conceptele conventionale de atenuare au Tn vedere
numai structurile tehnice situate h bazin, de-a lungul
cailor de transport sau din aria de depozitare. Conform
abordarii care are in vedere managementul dispunerii
(reducerea probabilititii de aparitie a hazardelor
naturale) si managementul evenimentelor (interventia
in procesul de transport al hazardului), se pot aplica
masuri tehnice variate (Hubl si Fiebiger 2005).

Masuri tehnice conventionale impotriva alunecarilor
de teren, precum construirea de pereti si diguri de
deviere si retentie, dar si bariere torentiale Tmpotriva
deplasarilor in masa asociate torentilor, sunt
costisitoare ca pret de constructie si intervin in ecologia
peisajului adiacent (de exemplu, Belsky si Jarabac
2004; Mayer 2004; Rudolf-Miklau si Patek 2004). Tn
plus, datoritd unei durate de viata limitata si, deci, a
unei tot mai complexe intretineri in regiunile montane
Tnalte, posibilitatile viitoare de realizare a structurilor
tehnice sunt restrdnse din cauza lipsei resurselor
financiare furnizate de catre autoritatile responsabile
(Weinmeister 2005). Dacd se neglijaza intretinerea,
masurile de atenuare vor deveni ineficiente si pot chiar
creste potentialul distructiv al hazardelor naturale. De
vreme ce masurile tehnice conventionale nu garanteaza
siguranta completd si nici nu oferd o garantie solida
(Schmid 2005), ramane un anumit risc de distrugere a
cladirilor, a infrastructurii si de afectare a populatiei.

Experientele din ultimii ani sugereaza faptul ca
elementele la risc si amenajarea teritoriului ar trebui tot
mai mult avute in vedere in cadrul reducerii hazardelor
naturale (Kanonier 2006). Pentru atingerea acestui
scop, strategiile de management integral al riscului par
a fi un instrument valoros pentru reducerea

""" cladirilor si a infrastructurii la
hazardele naturale si pentru dezvoltarea strategiilor de
crestere a rezistentei, mai ales prin intermediul
masurilor de protectie la nivel local.

5.2 Masuri de protectie la nivel local

Alaturi de masurile tehnice conventionale de
atenuare, precautia structurala este obtinuta printr-un
proiect de constructie adaptat si prin utilizarea
adecvata a unui obiect. Precautia structurald este



application domain for local structural measures,
since the individual vulnerability of buildings can be
fundamentally decreased by strengthening e.g. brick
walls with reinforced concrete components, and/or the
adopted interior design of the different rooms
according to occupancy time and hazard potential. A
well organised utilisation of the rooms can influence
the vulnerability and, as a result, the risk considerably
(Holub and Huibl 2007).

principalul domeniu de aplicare a masurilor
structurale locale, de vreme ce vulnerabilitatea
individuala a cladirilor poate fi fundamental scazuta
prin fortificare (de exemplu, peretii de caramida cu
elemente de beton armat si/sau planul interior al
diferitelor ncaperi adaptat la timpul de ocupare si
potentialul hazardelor). O buna organizare a folosirii
ncaperilor poate influenta considerabil
vulnerabilitatea si, deci, riscul (Holub si Hlbl 2007).

Table no. 3/ Tabelul nr. 3

Local structural measures for new buildings as well as for an upgrade of existing objects with respect
to possible impacts of landslides / Masuri structurale locale pentru cladiri noi, precum si pentru
imbunatatirea obiectelor existente Tn vederea posibilului impact al alunecirilor de teren

Relevant impact/
Impact relevant

Objective/
Obiectiv

Local structural measure/
Misuri structurala locali

New
building/
Cladire
noua
Upgrade

Prevention of general damages/
Prevenirea pagubelor generale

+ | building/
|Imbunati¢iri

+

Stabilising sliding masses (supporting elements,
vegetation)/Stabilizarea  maselor in  alunecare
(elemente de sustinere, vegetatie)

Drainage of sliding masses/Drenarea maselor in alunecare + +

Prevention of damage to outwalls/

Prevenirea pagubelor la peretii exteriori
Edangering the stability of - here

the exposed object/

Strenghtening of exposed walls (reinforced concrete)/
Consolidarea peretilor expusi (beton armat)

Pune in pericol stabilitatea
obiectului expus

Reinforced facing formwork/Schelet armat Tn partea + +
expusa riscului

Prevention of damage on intermediate ceilings/ Strenghtening of intermediate ceilings/Consolidarea +

Prevenirea pagubelor la plafoanele interemediare ] plafoanelor intermediare

Static separation of structural levels/Separarea statica + ~
a nivelelor structurale
Static separation of outbuilding/Separarea statica a + -
dependintelor
Strenghtened bedplate with cellar by reinforced concrete/ +

Subsidence, tilting, translational displacement/ Fundatie condolidata, cu pivnita din beton armat

Subsidenta, inclinare, deplasare translationala Deflection of load to stagnant ground/Devierea +

Incarcaturii spre terenuri stabile

The principles of planning and implementation of
local structural measures to reduce vulnerability
against natural hazards are neither highly
sophisticated nor very innovative. However, the
performance of local structural measures is often
neglected or even ignored following the proverb that
cheap solutions cannot be effective. Generally, local
structural measures are “the afterthought of a tragedy
rather than a forethought of prevention” and are
“developed based on individual experiences more
than scientific knowledge” (IBHS 2005). Besides, in
relation to the potential damage caused by natural
hazards, the construction of local structural measures
seems to be reasonable, in particular if renewal or
reconstruction is planned (FEMA 1998).

Some basic principles should be considered for the

Non-stop  reinforcement ~ from  bedplate  to +
wall/Consolidare continua, de la fundatie la perete
Lightweight constructions by timber/Constructii +
usoare, din lemn
Intrusion of sliding solids/ ]| Prevention of damage due to mechanical demolition JNo openings in exposed walls/Peretii expusi nu + ~
Intruziune a solidelor care and contamination/ prezinta deschideri
aluneca Prevenirea pagubelor cauzate de distrugerea Small windows (located far above ground level)/Ferestre + ~
mecanica si de contaminare mici (situate mult deasupra nivelului solului)
Impact protection for windows (massive shutter)/ +
Protejarea ferestrelor la impact (obloane masive)
Concept of internal and external use of the object/ + +
Conceptul folosirii interne si externe a obiectului
Combination of protection measures/ + +
Combinarea masurilor de protectie
Constructive easily feasible/Usor de construit +

Constructive hardly feasible/Greu de construit

Constructive not feasible/Imposibil de construit

Principiile planificarii i implementarii - masurilor
structurale locale pentru reducerea vulnerabilitatii la
hazardele naturale nu sunt nici foarte sofisticate, nici
inovatoare. Totusi, performantele masurilor structurale
locale sunt adesea neglijate sau ignorate, dupa zicala
conform careia solutiile ieftine nu pot fi eficiente. Tn
general, masurile structurale locale reprezinta ,,regretul de
dupa o tragedie si nu planul de prevenire a acesteia” si sunt
Ldezvoltate pe baza experientelor individuale, mai mult
decét pe baza informatiilor stiintifice” (IBHS 2005). Pe
langa aceasta, in legatura cu potentialele pagube cauzate de
hazardele naturale, luarea de masuri structurale locale pare
a fi rezonabila, mai ales daca se planuiesc lucrari de Thnoire
sau reconstructie (FEMA 1998).

Pentru implementarea masurilor structurale locale
trebuie avute Tn vedere cateva principii de baza:
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implementation of local structural measures:

1. Knowledge of the interactions between all the
possible hazard processes within the area concerned is
required.

2. Spatial measures should be preferred to
structural measures. The most effective way to avert
the impact of natural hazards to damage potential is to
keep the affected areas clear of values at risk.

3. Permanent measures should be preferred to
mobile equipment. Due to high transport velocities of
mountain mass movements and a short lead time for
reaction, mobile mitigation measures cannot provide
the same safety level than fix installed protective
systems since they need a certain amount of time for
installation.

4, Damage to third parties is not acceptable; hence,
local structural protection must not cause negative
impacts to adjacent or downstream riparian owners’
values at risk.

5. Combination of miscellaneous local structural
measures decreases considerably the vulnerability.

Local structural measures can be distinguished and
classified in various ways, i.e., according to the
applicability for protection against the hazard process,
the location with respect to the protected object, as
well as the type of construction and material used; a
further differentiation is possible whether the local
structure is of permanent or temporary use (Holub and
Hubl 2007).

The following catalogue of local structural
measures used in the European alpine regions
represents an overview of existing and well-
established protective techniques against landslides
and aims at increasing the resistance of buildings
planned and constructed in the future. Consequently,
the catalogue might be a valuable tool to decrease the
susceptibility of loss — in particular for consultants
and practitioners.

Impacts originating from the dynamic or static
load of sliding material endanger the stability of a
building (Fig. 1), in particular with respect to
translational slumps. Several local structural measures
can be implemented, the most popular are described
in Table 3. Two strategies mitigating losses due to
land slides can be pursued, (1) stabilising unstable soil
layers to prevent the initiation of mass movements,
and (2) deflecting and/or retaining of already
triggered masses.

Considering the catalogue of local structural
measures to protect buildings against landslides,
selected examples of protection measures such as soil
bio-engineering and soil-nailing are presented in
Figures 2 and 3. Moreover, the stabilisation of sliding
masses is strongly supported by an efficient drainage
system installed in the subsurface layers (Fig. 4).
Instable and mobile masses can be deflected by
suitable facilities (Figures 5 and 6) constructed from
appropriate materials, such as earth-filling, timber,
gabions, stone masonry and reinforced concrete.
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1. Este necesara cunoasterea interactiunilor dintre
toate hazardele posibile din aria de interes.

2. Masurile spatiale ar trebui preferate celor
structurale. Calea cea mai eficace pentru reducerea
potentialelor pagube cauzate de impactul hazardelor
naturale este aceea de a indeparta elementele la risc
din ariile afectate.

3. Masurile permanente trebuie preferate
echipamentelor mobile. Datoritd vitezelor mari de
transport asociate deplasarilor in masa din ariile
montane si timpului scurt de reactie, masurile de
atenuare prin echipamente mobile nu pot asigura
acelasi nivel de siguranta ca sistemele de protectie
fixe, de vreme ce primele necesita un anumit timp
pentru instalare.

4. Nu este acceptabil prejudiciul adus tertilor; Tn
consecinta, protectia structurala localda nu trebuie sa
aiba impact negativ asupra elementelor la risc detinute
de populatia din ariile adiacente sau din aval.

5. Combinarea diverselor masuri structurale locale
scade considerabil vulnerabilitatea.

Masurile structurale locale pot fi diferentiate si
clasificate Tn variate moduri, ih functie de aplicabilitatea
pentru protectia Tmpotriva hazardelor, de locatia in
raport cu obiectul protejat, precum si de tipul de
constructie si materialul utilizat; o diferentiere ulterioara
este posibila daca structura locala se foloseste permanent
sau temporar (Holub si Hibl 2007).

Urmatorul catalog de masuri structurale locale
folosite Tn regiunile alpine europene constituie o
prezentare generala a tehnicilor de protectie existente
si binecunoscute impotriva alunecarilor de teren;
acesta are scopul de a creste rezistenta cladirilor
proiectate si construite in viitor. Tn consecinta,
catalogul ar putea fi un instrument valoros pentru
pentru consultanti si specialisti.

Impactul care Tsi are originea in presiunea
dinamica sau statica a materialului ce aluneca pune n
pericol stabilitatea unei cladiri (Fig. 1), In special in
raport cu prabusirile de translatie. Pot fi implementate
cateva masuri structurale locale, cele mai cunoscute
fiind descrise in Tabelul 3. Se pot urma doua strategii
de reducere a pierderilor generate de alunecari de
teren: (1) stabilizarea stratelor de sol instabile, pentru
a preveni declansarea miscarilor in masa si (2)
devierea si/sau retinerea maselor deja in miscare.

Avand n vedere catalogul masurilor structurale
locale pentru protectia cladirilor  Tmpotriva
alunecérilor de teren, in Fig. 2 si 3 sunt prezentate
exemple selectate de masuri de protectie, precum bio-
ingineria solului si fixarea solului. Mai mult,
stabilizarea maselor Tn alunecare este puternic
sustinuta de un sistem de drenaj eficient, instalat n
stratele subterane (Fig. 4). Masele instabile sau
mobile pot fi deviate prin instalatii potrivite (Fig. 5 si
6), construite din materiale adecvate, precum
umplutura de pamant, lemn, gabioane, zidirie de
piatra si beton armat.
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6. Integral Risk Management

The current method of dealing with natural
hazards in Austria should be extended towards the
holistic inclusion of damage potential exposed (cf.
Equation 1), which is also prescribed by the
European Directive on the Assessment and
Management of Flood Risks adopted in July 2007
(Commission of the European Communities 2007).
This extension directly brings about the concept of
risk: the active and ex-ante management of natural
hazards based on risk assessment, and including
both, the assessment of elements in the natural
environment and in society. With respect to natural
hazards, the concept of integral risk management
includes (1) risk analyses, mostly from a natural
science point of view, (2) risk evaluation in
collaboration with social scientists and politicians,
and (3) interdisciplinary risk management strategies.
Moreover, the comprehensive consideration of risk
includes post-event concepts for recovery and an
associated analysis of the damaging event in order to
enhance and optimise the necessary risk
management procedures (e.g., Kienholz et al. 2004).

However, risk changes over time since neither
social systems nor geosystems are static in space and
time. Due to climate change processes and the
associated impact on the European mountain regions
(Intergovernmental Panel on Climate Change (IPCC)
2007; Wanner et al. 2000), magnitude and frequency
of natural processes will most probably slightly
increase for those processes where water is the driving
agent (Bader and Kunz 1998). Furthermore, the
change in risk — presumably indicated by remarkable
damage in the 1990s — has to be attributed to changes
in the damage potential affected (Fuchs and Briindl
2005). The development of values at risk due to
socioeconomic transformation in the European Alps
varies remarkably on different temporal levels. These
long-term and short-term variations in damage
potential should be implemented into risk
management approaches.

Long-term changes originate from the general
increase in values at risk in mountain regions since
the early 20" century. A considerable concentration of
tangibles, as well as intangibles had been proven by
Fuchs et al. (2005), Keiler et al. (2005, 2006a) and
Zischg et al. (2005) for different alpine regions,
leading to a long-term increase in exposed values at
risk. Superimposed short-term variations occur with
respect to mobile damage potential and persons at
risk. Information on the general development of
damage potential and seasonal, weekly, or diurnal
peaks should be implemented in the risk management
procedure, because the range of the results is
remarkably high, and the values at risk have a key
influence on the risk equation.

In Fig. 7, the significance for a consideration of
basic, as well as variable disposition with respect to
values at risk is presented. The basic disposition is
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6. Managementul integral al riscului

Metoda curenta de abordare a hazardelor naturale in
Austria ar trebui sa fie extinsa spre includerea generala a
elementelor potential pagubite (cf. Relatiei 1), ceea ce
este recomandat si de catre Directiva Europeana asupra
Evaluarii si Managementului Riscului la Inundatii,
adoptata in iulie 2007 (Comisia Comunitatilor Europene,
2007). Aceasta extensie aduce n discutie in mod direct
conceptul de risc: managementul activ si ex-ante al
hazardelor naturale, pe baza evaluarii riscului si
incluzand evaluarea elementelor din mediul natural, dar
si din sociatate. Cu privire la hazardele naturale,
conceptul de management integral al riscului include (1)
analiza riscului, mai ales din punct de vedere al unei
stiinte a naturii, (2) evaluarea riscului, in colaborare cu
sociologi si politicieni si (3) strategiile de management
interdisciplinar al riscului. Mai mult, considerarea
cuprinzatoare a riscului include concepte de refacere
post-eveniment si 0 analiza asociata a evenimentului
distrugator, cu scopul de a spori si optimiza procedurile
necesare de management al riscului (de exemplu,
Kienholz et al. 2004).

Totusi, riscul se modifica in timp, de vreme ce nici
sistemele sociale si nici geosistemele nu sunt statice in
spatiu si timp. Din cauza schimbarilor climatice si a
impactului acestora asupra regiunilor montane europene
(Grupul  Interguvernamental asupra  Schimbdrilor
Climatice (IPCC) 2007; Wanner et al. 2000), este foarte
probabil ca magnitudinea si frecventa proceselor
naturale sa creasca usor, in cazul acelor procese in care
apa reprezinta agentul declansator (Bader si Kunz 1998).
Mai mult, schimbarea riscului — probabil indicata de
pagubele remarcabile din anii 1990 — trebuie sa fie
atribuita modificarilor elementelor potential pagubite
(Fuchs si Brindl 2005). Dezvoltarea valorilor la risc,
datorita transformarilor socioeconomice in  Alpii
europeni, variaza semnificativ pe scara timpului. Aceste
variatii pe termen lung si pe termen scurt ale pagubelor
potentiale ar trebui sa fie implementate in abordarile
managementului riscului.

Schimbarile pe termen lung Tsi au originea n
cresterea generala a valorilor la risc in regiunile
montane, Thcepand cu prima parte a secolului al XX-
lea. Studiile realizate de Fuchs et al. (2005), Keiler et
al. (2005, 2006a) si Zischg et al. (2005), pentru diferite
regiuni  alpine, au evidentiat 0 concentrare
considerabila de bunuri materiale si imateriale, ceea ce
conduce la cresterea pe termen lung a elementelor
expuse la risc. Se suprapun variatii pe termen scurt cu
privire la pagubele potentiale mobile si la persoanele
expuse la risc. Informatiile cu privire la dezvoltarea
generala a elementelor potential prejudiciate, precum si
maximele sezoniere, saptamanale sau diurne ar trebui
implementate Tn procedura de management al riscului,
deoarece sirul rezultatelor este foarte mare, iar valorile
la risc au o influenta majora in ecuatia riscului.

Tn Fig. 7 este prezentata semnificatia considerarii
dispozitiei fundamentale, precum si a celei variabile cu
privire la elementele la risc. Dispozitia fundamentala



defined as the long-term increase in values at risk,
e.g. regarding the creeping increase in buildings
exposed to landslides, while variable disposition is
defined as a short-term fluctuation in variable
damage potential, e.g., persons exposed. The need
for a comprehensive assessment of risk is obvious if
different hazard situations are considered. As
shown in example (a) a hazard will not hit any
values at risk, and thus, the level of risk reduction
is sufficient. In example (b), due to high amounts of
variable values at risk, damage will occur. As a
result, temporal mitigation strategies could reduce
the variable damage potential until a critical level.
In contrast to the immobile damage potential
(buildings and infrastructure, etc.), persons and
mobile values can be removed from hazard-prone
areas in case of dangerous situations. For
developing efficient and effective evacuation and
emergency plans, information on the numbers of
persons and mobile values, as well as their location
and movements in the area is needed. In example
(c), basic and variable values at risk are affected by
a process. Thus, temporal measures are no more
sufficient enough for an effective risk reduction,
either conventional mitigation measures or local
structural protection, or a combination, will be
needed for an effective risk reduction. These
examples clearly indicate the strong need for an
incorporation of dynamic assessments of damage
potential in community risk management strategies.
Such risk management strategies should include an
objective risk assessment that is based on both,
hazard analysis and an analysis of damage
potential.

este definita ca fiind cresterea pe termen lung a valorilor
la risc, de exemplu cresterea deformarilor suferite de
cladirile expuse la alunecari de teren, in vreme ce
dispozitia variabila este definita ca o fluctuatie pe termen
scurt a potentialului variabil prejudiciat, de exemplu,
persoanele expuse. Nevoia unei evaluari cuprinzatoare a
riscului este evidenta, dacid se au in vedere diferite
situatii de expunere la hazarde. Dupa cum s-a aratat in
exemplul (a), nici un element la risc nu va fi afectat de
hazarde, nivelul reducerii riscului fiind, deci, suficient.
Tn exemplul (b), se vor produce pagube din cauza
numeroaselor elemente la risc ce sunt variabile. Tn
consecinta, strategiile temporale de atenuare ar putea
reduce pagubele potentiale variabile péana la un nivel
critic. Spre deosebire de elementele potential afectate
care sunt imobile (cladiri si infrastructuri etc.), populatia
si valorile mobile pot fi indepartate din arealele
susceptibile la hazarde, Th cazul unor situatii periculoase.
Pentru dezvoltarea unor planuri de urgentd si de
evacuare eficiente si efective, sunt necesare informatii cu
privire la numarul de persoane si valorile mobile,
precum si la localizarea si deplasarile acestora in cadrul
ariei. Tn exemplul (c), elementele la risc fundamentale si
variabile sunt afectate de un proces. Astfel, masurile
temporale nu mai sunt suficiente pentru o reducere
efectiva a riscului, pentru realizarea acesteia fiind
necesare ori masuri conventionale de diminuare sau
protectie structurala locald, ori 0 combinatie. Aceste
exemple indica Tn mod clar nevoia de integrare a
evaluarilor dinamice ale pagubelor potentiale n cadrul
strategiilor comunitare de management al riscului. Astfel
de strategii ar trebui sa includa o evaluare obiectiva a
riscului, bazatd atdt pe analiza hazardelor, cét si pe
analiza pagubelor potentiale.
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Fig. 7. Schematic description of the concept of basic (long-term) and variable (short-term) damage potential and the
relation to triggering events (Fuchs and Keiler 2008:271)/ Descrierea schematica a conceptului de pagube potentiale
de baza (pe termen lung) si variabile (pe termen scurt) si relatia cu evenimentele declansatoare (Fuchs si Keiler

2008:271)



7. Conclusion

As presented in the previous sections, Austria
experiences a long tradition in dealing with landslide
processes, i.e. torrential hazards. The concepts of
analysing and assessing the hazard are comparatively
well-established. Based on the respective legal
prescriptions in the Forest Act and the Decree on
Hazard Zoning, technical mitigation is implemented,
and hazard maps are compiled. Similar procedures
can be found in other European countries. However,
neither values at risk nor the corresponding
vulnerability are operationally assessed in a spatial
and temporal resolution.  Consequently, the
methodology of integral risk management and the
underlying  foundations are still not fully
implemented. Furthermore, the risk-reducing impact
of local structural protection has not been assessed
quantitatively. Risk assessment has to be followed by
a risk evaluation procedure. In this evaluation process,
the level of accepted risk and the level of (residual)
risk to be accepted should be defined by a
participative process. Using these results, the risk
management strategy could be defined, aiming at both
a risk minimisation and an economic efficient use of
public expenditures. Thus, a combination of
mitigation strategies, such as passive and active
measures, could be chosen to meet these prerequisites.
Thereby, temporal variations of the risk have to be
considered seriously.

Information on the temporal variability of values
at risk both from a long-term, as well as from a
short-term point of view provided in combination
with process knowledge is the basis for dynamic risk
visualisation. Such information may help to
recognise high-risk situations more easily and
enables a situation-oriented and risk-based decision
making (Zischg et al. 2004; Schwab et al. 2005).
Apart from the damage potential, risk analyses are
based on the concept of recurrence intervals of
hazard processes. If those defined design events
would be exceeded, the remarkable increase of
values at risk would result in a significant shift in
monetary losses (and presumably fatalities). First
results on risk associated with torrent hazards
suggest an increase in the probabilities of the design
events in the alpine region, however, these results
still need some additional analyses to be verified,
and are subject to ongoing research. Furthermore,
because socioeconomic development differs within
Alpine regions, studies on the long-term behaviour
of values at risk contribute to the ongoing discussion
of passive and active developing regions and
suburbanisation (Fuchs and Briindl 2005). However,
if a potentially dangerous natural event occurs, it
depends on the actual amount of values at risk (basic
and variable disposition) within the process area
whether or not damage will be triggered.

To conclude, risk analyses concerning natural
hazards should be carried out with respect to a
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7. Concluzii

Asa cum a fost prezentat n sectiunile precedente,
Austria are o traditie Tndelungata in lupta cu procesele
de alunecare, cu hazardele torentiale. Conceptele
analizei si evaluarii hazardelor sunt, de asemenea,
bine stabilite. Pe baza reglementarilor legale din Actul
Padurilor si Decretul asupra Zonarii Hazardelor, sunt
implementate masuri tehnice de atenuare si sunt
compilate harti ale hazardelor. Proceduri similare pot
fi intdlnite si Tn alte state europene. Totusi, nici
elementele la risc i nici  vulnerabilitatea
corespunzatoare nu sunt evaluate operagional ntr-o
rezolutie spatiala si temporali. Tn consecinta,
metodologia managementului integral al riscului si
fundamentul subiacent nu sunt complet implementate
inca. Mai mult, impactul de reducere a riscului datorat
protectiei structurale locale nu a fost apreciat
cantitativ. Aprecierea riscului trebuie sa fie urmata de
0 procedura de evaluare a riscului. Tn acest proces de
evaluare, nivelul riscului acceptat si nivelul riscului
rezidual care poate fi acceptat ar trebui sa fie definite
printr-un proces participativ. Prin folosirea acestor
rezultate ar putea fi definita strategia de management
al riscului, scopul fiind dublu: o minimizare a riscului
si 0 utilizare economica eficienta a banilor publici.
Astfel, aceste conditii esentiale ar putea fi indeplinite
prin alegerea unei combinatii de strategii de atenuare,
precum masurile pasive si active. De aceea, variatiile
temporale ale riscului trebuie avute serios in vedere.

Baza vizualizarii riscului dinamic este reprezentata
de informatiile cu privire la variabilitatea in timp a
elementelor la risc, atat pe termen lung, cét si pe termen
scurt, furnizate Tmpreuna cu date despre proces.
Asemenea informatii pot ajuta la recunoasterea mai
usoara a situatiilor de risc ridicat si ofera posibilitatea
luarii deciziilor bazate pe risc si in functie de situatie
(Zischg et al. 2004; Schwab et al. 2005). Pe langa
potentialele pagube, analizele de risc sunt bazate pe
conceptul intervalelor de recurenta a hazardelor. Daca
aceste modelari ale unor evenimente definite ar fi
depasite, cresterea deosebitda a valorilor la risc ar avea
drept rezultat o schimbare semnificativa a pierderilor
financiare (si, probabil, decese). Primele rezultate asupra
riscului asociat hazardelor torentiale sugereaza o crestere
a probabilitatii evenimentelor modelate Tn regiunea
alping; totusi, aceste rezultate trebuie verificate cu
analize suplimentare si constituie subiectul unei cercetari
in derulare. Mai mult, in conditiile in care dezvoltarea
socio-economica prezinta valori diferite Tn regiunile
alpine, studiile asupra comportamentului pe termen lung
al elementelor la risc contribuie la discutii nesfarsite
despre regiunile pasive si active In dezvoltare si despre
suburbanizare (Fuchs and Brindl 2005). Daca un
eveniment natural potential periculos are totusi loc, ceea
ce determina sau nu producerea pagubelor este volumul
efectiv de valori la risc (dispozitie de baza si variabila)
din aria de manifestare a respectivului proces.

In concluzie, analizele de risc privitoare la
hazardele naturale ar trebui sa fie realizate avand in



dynamic change of input parameters. This is
essential for efficient disaster risk reduction and
contributes to the concept of resilience as part of
proactive adaptation. Regarding landslides in
European mountains, the most important input
parameter is the temporal variability of damage
potential, since the natural variability of process
activity seems to increase due to global change
processes.

Thus, future research is needed to quantify the
impact of modifications in damage potential on (1)
the result of risk analyses, (2) the assessment of risk
in the cycle of integrated risk management, (3) the
adjustment of coping strategies, and (4) the
perception of risk by all parties involved, including
policy makers. The latter is the most crucial issue in
Europe, because until now, dealing with natural
hazards is based on mono-disciplinary approaches.
In Austria, the Forest Act of 1975 restricts all
hazards planning to forestry engineers (Republik
Osterreich  1975; 1976), in France, experts
responsible for these issues are predominantly
geologists (Stotter et al. 1999), while in Italy, the
requirement for these specialists is a PhD in
agriculture or a master’s degree in forestry or
geology (Autonome Provinz Trentino-Sidtirol
1998). However, because risk resulting from natural
hazards is a subject matter affecting life and
economy within the whole society, multiple
stakeholders’ interests have to be considered when
mitigation measures and coping strategies are
developed and decisions are made.

Thus, there is a particular need to involve (1)
economists with respect to an efficient and effective
use of public expenditures, (2) social scientists with
respect to both society’s risk perception and an
enhanced risk communication, (3) geographers and
land-use planners, as well as (4) all other disciplines
representing any other party involved.

vedere schimbarile dinamice ale parametrilor initiali.
Acest fapt este esential pentru reducerea eficienta a
riscului dezastrelor si contribuie la conceptul de
rezilienta ca parte a adaptirii proactive. In ceea ce
priveste alunecarile de teren in regiunile montane
europene, cel mai important parametru de intrare este
variabilitatea In timp a pagubelor potentiale, de vreme
ce variabilitatea naturala a activitatii procesului pare sa
creasca din cauza schimbarilor globale.

Astfel, este necesar ca viitoarele cercetari sa
cuantifice impactul modificarii potentialelor pagube
asupra (1) rezultatului analizelor de risc, (2) evaluarea
riscului Tn ciclul managementului integrat al riscului,
(3) ajustarea strategiilor si (4) perceperea riscului de
catre toate partile implicate, inclusiv de catre cei care
jau decizii. Ultimul aspect prezentat constituie
problema cruciala Tn Europa, deoarece pana acum,
actiunile referitoare la hazardele naturale s-au bazat pe
abordari  monodisciplinare. Tn  Austria, conform
prevederilor Actului Padurilor, din 1975, amenajarile
referitoare la toate hazardele sunt limitate la
activitatea inginerilor silvici, (Republik Osterreich
1975; 1976); in Franta, responsabilii cu aceste
probleme sunt predominant geologi (Stotter et al.
1999), in vreme ce in ltalia, specialistii Tn acest
domeniu trebuie sa detina titlul de doctor 1in
agricultura sau sa fie absolventi de master pe
probleme de silvicultura ori geologie (Autonome
Provinz Trentino-Sudtirol 1998). Cum riscul implicat
de hazardele naturale este un element ce afecteaza
viata si economia intregii societati, Tn hotararea
masurilor de atenuare, a strategiilor de actiune,
precum si in luarea deciziilor trebuie avute in vedere
interesele numerosilor factori implicati.

Astfel, se simte in mod special nevoia implicarii
(1) economistilor in utilizarea eficienta si efectiva a
banilor publici, (2) a sociologilor, atdt in ceea ce
priveste perceptia riscului de catre societate, cat si
comunicarea asupra subiectului, (3) a geografilor si a
celor ce lucreaza in amenajarea teritoriului, precum si
(4) a celor care activeaza Tn orice disciplina ce
reprezinta partile implicate.
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ISSUES CONCERNING THE OVERALL GEODYNAMICS OF THE CARPATHIANS OROGENE

PROBLEME PRIVIND GEODINAMICA GENERALA A OROGENULUI CARPATIC

lon STANOIU?

Abstract: The present paper introduces several comments concerning the overall geodynamics
of the Carpathian Orogene. Evidence is provided in support of the assertion that the specific
geodynamics of the Carpathian Orogene has been decisively controlled by the process of

orogene thrusting over the foreland.

Key words: Carpathians Orogene, Carpathians Foreland, Carpathians Bends, geodynamics.
Cuvinte cheie: orogen carpatic, Avanfosa carpatica, curburi carpatice, geodinamica

1. Introduction

Several investigators (indicated selectively in the
references) have provided quite significant
contributions concerning the Carpathians Orogene
geodynamics. They have given deep consideration to
the Carpathians Bends origin, to the Carpathians
Foreland being under-thrust, to the orogene being
thrust over the foreland, to the collapse of the foreland
internal territories, to the tectonic and paleogeographic
evolution of the orogene and of the foreland.

2. Geological and geodynamic issues

There has been made the assertion (Stanoiu 2002a,
2003, 2004) that the main phenomenon having
dominated the specific overall geodynamics of the
Carpathians Orogene (and, implicitly, also the genesis
of the Carpathians Bends: the Vrancea Bend, the
Mehedinti Bend) had consisted in the eastward
displacement (by more than 300 km) of the northern
compartment of the Periadriatic — Southtransylvanian
Lineament (right-lateral transcurrent fault, that
represents the extension of the Periadriatic Lineament
through the Southtransylvanian Fault, the existence of
which had been conjectured by Sandulescu, 1984).
When reaching (from the west) the Pannonian Basin,
the Periadriatic Lineament branches into a diverging
bunch of faults, consisting of two main groups: the
Northtransylvanian System that generally strikes NE-
SW and is positioned to the north of the main
lineament, and the Sava-Vardar System that strikes
prevalently NW-SE and is located to the south of the
main lineament (Fig. 1).

The geodynamic overall setting specific to the
Carpathians Orogene (that has also controlled the
Carpathians bends genesis) is conjectured as a tectonic
transposition which has resulted by the summing up of
the effects of many deformations (strike-slip
movements, flexures, laminations, bending, curving,
rotations, translations, etc.), with quite different
extensions (millimeter — kilometer), that had occurred
mainly  where the units  (litho-stratigraphic,
paleogeographic, tectonic, etc) that belonged to the
orogene (and consequently were more plastic
incompetent, as compared to those of the foreland)
intersected the multitude of fractured tectonic
structures: especially those in the Periadriatic —
Southtransylvanian System (mainly Lineament) of
right-lateral transcurrent type, striking E-W; those of
the  Northtransylvanian ~ System  (transcurrent,
prevalently left-lateral); those of the Cerna — Baia de
Arama — Rudaria System (transcurrent, right-lateral,
longitudinal, striking prevalently NE-SW in the
western section of the Southern Carpathians and E-W
in their eastern section), etc.

One can notice that the lithostratigraphic, paleo-
geographic and tectonic units of the Carpathians
Orogene exhibit (at their intersection with the
Periadriatic — Southtransylvanian Lineament) a huge
deformation (the Timisoara-Brasov-Focsani
Megastructure) of “flexure - fractured-fault” type,
which is quite visible in a horizontal plane view. The
orogene section (that includes the Eastern Carpathians,
the Transylvanian Plateau and the Apuseni
Carpathians) located to the north of the indicated
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Fig. 1

Fig. 1 a— The general geodynamic process of the Panono —Transylvan Basinal System development.
b - The general geodynamic process of the Carpathians Bends development and of the folding and thrusting tectonic
structures of the Carpathians Orogene.

R — The areal with the predominant distension tectonic regim favouring the collapse of the terrestrial crust by grabens and
horsts. OND — Northdobrogean Orogene. DI — Internal Dacides. V — Vardarides. T — Transilvanides. P — Piennides. M — A-
Median Dacides + External Dacides + Marginal Dacides + Carpathians Foredeep. F — Carpathians Foreland. NT —
Northtransylvan Lineament. BV — Bogdan-Voda Lineament. 1 — Northtransylvan Systems Lineaments. 2 — Sava-Vardar
Systems Lineaments. 3 — Cerna Lineament. 4 — Bistra — Strei Lineament. 5 — Baia de Arama — Varciorova — Dzevrin —
Timok Lineament. 6 — Obarsia — Brebina Fault. 7 — Isverna — Ponoarele Fault. 8 — Disjunctive Lineament of the
Carpathians Foreland. 9 — The tectonic stress of bending and rotation. 10 — The transversal tectonic stress induced by the
bendind and rotation of the Orogene Section situated at the north of the Periadriatic — Sudtransylvan Linement. 11 - The
tectonic stress induced by the bending and rotation of the Orogene Section situated at the south of the Periadriatic —
Sudtransilvan Linement. 12 — The main regional tectonic stress resulting as an effect of moving to the east with more than
300 km of the northern compartment of the Periadriatic — South+transilvan Linement. A — The Styrian Tectogenesis., b —
Moldavian Tectogenesis. ¢ — Valahian Tectogenesis. d — Pasadena Tectogenesis. e — The tectonic stress rezulting from the
horizontal translation of the disjunctive tectonic structures from the Carpathian Orogene. f - The tectonic stress resulting
from overthrusting of the Carpathians Foreland.
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lineament has undergone a significant outward push
(together with the northern compartment of the
indicated lineament), a bending, a rotation to the right,
and has been subject to intense tectonic actions
(especially through folding and thrusting with quite
prevalent outward vergences): there have resulted the
Vrancea Bend, which is more tight in the internal
regions (in the Apuseni Carpathians, where
Sandulescu, 1984, designated it as the Peribihorean
bend), and less tight in the external regions (in the
Eastern Carpathians). The orogene section of the
Periadriatic — Southtransylvanian Lineament (which
corresponds to the Southern Carpathians) has been
bended (the Mehedinti Bend, and implicitly the
Vrancea Bend have been generated), rotated to the
right and intensely pushed (with an amplitude that
increased from W to the E) along the “fault” (the
Periadriatic — Southtransylvanian Lineament), outward
(eastward and especially southward).

The indicated geodynamic setting has had as a
consequence the fact that the orogene section of the
Southern Carpathians reached during the Cainozoic a
position that was almost parallel to the Periadriatic —
Southtransylvanian Lineament. This setting has
resulted in a multitude of consequences for the
Southern Carpathians orogene: the strong reduction of
the Cainozoic tectogenesis (gradually and rapidly
diminishing from E to the W); the end of the intense
tectonic activity at the end of the Cretaceous; the
partial and gradual (from E to the W) replacement of
the Moldavides that occur in the Eastern Carpathians,
by the Carpathians Foredeep (namely the Paleogene
Getic Foredeep); the westward gradual narrowing (up
to the complete disappearance) of the Moldavides and,
in their prolongation, of the Carpathians Foredeep.

There is some additional evidence that opposes the
hypothesis of a major part played by the Foreland
(Valachian Spur) underthrusting (subduction) in the
specific geodynamics of the Carpathians Orogene
(and, implicitly, in the generation of the Carpathians
Bends), and which, on the other hand, supports the
prevalent part played by the thrusting (over-thrusting)
of the orogene over the foreland. Thus, between the
Prebalkans and the Moesian Platform there exists a
direct, hesitating transition, without crust shortenings.
The tectonic structures of the foreland (which in the
case of under-thrusting are assumed to be the main
responsible for the orogene deformation) cannot be
identified within the orogene territory anymore, while
the orogene tectonic structures do not extend within
the foreland. There can be thus proven that the
orogene displacement has been independent of that of
the foreland, under the impulse of a specific
geodynamics decisively controlled by the dynamics of
the own tectonic thrust structures. Most (large
amplitude) thrust tectonic structures in the Carpathians
gradually turn, within the Balkans, into vertical and
sub-vertical tectonic structures. The flysch facies
(suggesting an intense a tectogenesis), which occurrs
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within the Paleogene Moldavides in the Eastern
Carpathians, gradually changes (to the E) into the
molasse facies (that suggests a significantly less
intense tectogenesis), occurring within the (Paleogene)
Getic Foredeep of the Southern Carpathians (in the
Getic Depression). The large amplitude of the
Cenozoic tectonic thrust structures of the Moldavides
and of the Oriental Dacic Foredeep (of Miocene-
Quaternary age) gradually and rapidly diminishes
westward (in the Southern Foredeep, of Miocene-
Quaternary age), while south of the Danube, these
tectonic structures do not occur anymore: thus, the
Styrian Tectogeneses displayed their maximum
intensity in the Eastern Carpathians and in the Western
Carpathians, they progressively diminished from E to
the W (between the Valley of Dambovita and that of
the Danube), to completely vanish south of the
Danube. The Moldavian Tectogenesis (which is
readily identifiable between the valleys of the Motru
and the Premysl) displayed its maximum intensity
within the Eastern Carpathians and gradually
diminished (from E to the W) in the Southern
Foredeep. The Valachian Tectogenesis can be
identified between the Motru and the Trotus valleys
and displays a maximum intensity (gradually reduced
northward, to the Valley of the Trotus, and westwards,
to the Motru valley), within the Vrancea Bend apex
(between the Dambovita and the Buzau valleys); the
Pasadena Tectogenesis (having occurred within the
Quaternary) can be identified only within the Vrancea
Bend apex, on the territory of the Dacic Foredeep, of
Miocene-Quaternary age. The present-day position of
the territories of the Transylvanian Basin and of the
intra-mountains basins in the Southern Carpathians
(whose formations display a Pannonian - Intra-
Carpathian facies, different from the facies that occurs
outside the Carpathians) suggests that theses territories
underwent a significant eastward displacement. The
present-day  topographic  setting  outlines a
displacement (conjectured mostly to be the result of a
tectonic transposition) to the E (by more than 300 km,
along the Periadriatic Southtransylvanian
Lineament), that has shifted the territories of the
Apuseni Carpathians — Transylvanian Basin — Eastern
Carpathians with respect to the Southern Carpathians
territories. An eastward displacement of the Southern
Carpathians territories with respect to the Moesian
Platform territories (inferred at its turn to be the result
of a tectonic transposition) has occurred as a
consequence of the horizontal translations outlined
along the multitude of right-lateral transcurrent
tectonic structures (lineaments, faults, cracks) of the
Periadriatic — Southtransylvanian and Cerna — Baia de
Arama - Rudiria Systems (that had concerned
especially the orogene terrains of the Southern
Carpathians, but also the territories of the Moesian
Platform foreland). Provided that, as already discussed,
a westward under-thrust of the Valachian Spur cannot
be substantiated, the foreland under- thrusting



phenomenon would have generated an east-facing
Vrancea Bend concavity, hence a reverse outline as
compared to the actual one.

There is some additional information (besides that
already mentioned), which proves that the highest
mobility area of the terrestrial crust in Romania is
located in the Vrancea Bend apex (subject to being
amplified even in the present time): the thickest
terrestrial crust in Romania (probably being a result of
folding and thrusting) is located in Brasov area; the
domain displaying the highest deformation rate of the
river terraces in Romania is located within the
proximal area outside the Carpathians between the
valleys of the Trotus and the Dambovita; the largest
Quaternary uplift in the Carpathains Arc has occurred
in Vrancea Bend area; the Focsani Depression outlines
the largest Miocene-Quaternary subsidence in
Romania; the largest present-day sinking of the
terrestrial crust in Romania occurs in the Ploiesti -
Ramnicu Sarat area; in the Diapir Folds Area there
occurs evidence of the Pasadena Tectogenesis; the
Cenozoic tectogeneses display maximum intensities in
the Eastern Carpathians bend area.

The curved shape (included within the Mehedinti
bend outline) of the Cainozoic tectonic folded
structures of the Bahna-Godeanu System and of the
Cenozoic fracture systems of the Cerna - Baia de
Arama - Rudaria System (that have controlled the
generation of the Paleogene and/or Miocene intra-
mountains basins of the Southern Carpathians) prove
that these structures have been generated and have
been active simultaneously (i.e. during the Paleogene-
Miocene) with the Cenozoic amplification of the
Carpathians Bends.

The  presence of the  Periadriatic
Southtransylvanian Lineament in the Carpathians
Orogene area (and even further west) is testified
especially by the multitude of discontinuities and
significant differences that exist between the tectonic,
paleogeographic and lithostratigraphic units in the two
compartments.

3. Conclusions

The overall geodynamic setting addressed in this
paper is conjectured especially relying on the
Cenozoic tectonic, paleogeographic and
lithostratigraphic circumstances outlined especially
within the Carpathians Orogene. The considered issues
suggest that the Periadriatic — Southtransylvanian
Lineament, as well as the Northtransylvanian
Lineament, are in fact transformed faults that have
controlled the Carpathians Orogene  specific
geodynamics (starting from the Triassic and up to the
present time), and they have imposed the obvious
distinctions which exist between the Vardarides and
the Transylvanides and Pienides.

There seem to exist important tectonic structures (of
prevalently  subcrustal  occurrence), mainly  of
transcurrent type (the Periadriatic — Southtransylvanian
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Lineament) that are not always exhibited also as
fractures in the shallow (more plastic) sedimentary
covers, a fact that had been experimentally
documented in 1928 by R.W. Brown (in L.U. de
Sitter, 1969).

One can notice that the Cenozoic magmatism
within the interior of the Carpathians Arc is located
only within the northern compartment (eastward,
outward intensely thrust over the foreland) that
belongs to the Periadriatic — Southtransylvanian
Lineament. This observation suggests that the
indicated Cenozoic magmatism has been controlled in
a quite prevalent way by the orogene intermittent
thrust over the foreland (and not by the foreland under-
thrust beneath the orogene), especially during the main
Carpathian tectogenetic phases (the Old Styrian, New
Styrian, Moldavian, and Valachian phases, that had
imposed the building of the body thrust mega-
structures bearing the same names: the Internal Old
Styrian Magura-Petrova Nappe, External Old
Styrian, New Styrian and Moldavian Mega-structures),
simultaneously with the building and the (partial)
consumption of the Moldavian “Subduction”
(Supraduction) Acretionary Wege consisting of the
Moldavides.

There seems probable that the Carpathians
Geosyncline initial pathway stroke approximately (to
the best possible closeness) similarly to the Alps and
the Balkans lineament, the present day (highly
incurved) pathway of the Carpathians Orogene being
the result of the specific geodynamics discussed in
this paper. The tectonic, paleo-geographic,
lithostratigraphic and metamorphic distinctions that
exist between the Alps orogene section and the
Carpathians Orogene section may also be ascribed to
the fact that the Alps Orogene section geodynamics
has been quite prevalently controlled by the under-
thrusting  (subduction) process, while in the
Carpathians Orogene section geodynamics there has
been involved (in a determining way) the overthrust
(supra-duction) process, as a result of the specific
geodynamics being discussed. The indicated
circumstances have imposed a specific evolution to
the Carpathians Orogene section (as well as for the
Balkans orogene section), with distinct outcomes in
terms of geology, geophysics and landforms, a fact
which, to a certain extent, authorizes the “Carpathians
Orogene” appellation.

Resulting from the transcurrent tectonic structures
of the North-Transylvanian System and of the Sava —
Vardar System, there has occurred the separation of
the Carpathian-Dinaric internal regions into a series of
distinct compartments, which consisted of triangular
blocks with their base positioned toward the external
regions. The horizontal translations of the
compartments of the indicated tectonic structures have
had as a consequence an outward movement of the
triangular blocks, thus favoring a distension tectonics



regime. This distension tectonics regime has favored the
collapse of the Carpathian-Balkan-Dinaric areas (divided
in grabens and horsts, by the additional contribution of
other tectonic structures of fracture type) and it has
imposed the building of several paleogeographic
(submerged) and geomorphographic (basin shaped)
units: The Pannonian - Transylvanian Basin System (that
corresponds to the Internal Basin System = Pannonian -
Transylvanian), which consists of the Pannonian Basin
(Depression) and the Transylvanian Basin (Depression),
the latter divided into the Paleogene Transylvanian Basin
and the Neogene Transylvanian Basin. As a result of this
intense partitioning, in which there were also involved
the fracture type tectonic units of the Caransebes-
Mehadia System (striking N-S), of the West - Apuseni
Carpathians System (striking NW-SE), etc., there have
been also generated the three micro-plates (Alkapa, Tisa-
Dacia, Adria) defined by previous investigators, the
multitude of “mountain” bodies (Mecsek, Bukk, Buday,
Papuk, etc.) isolated within the interior of the Pannonian
Basin, as well as some paleo-geographic and
geomorphographic subunits of the Pannonian Basin (the
Vienna, Styrian, Zala, Novohrad, Trans-Danubian, Graz,
etc. Basins-Depressions; the basins-depressions on the
western border of the Apuseni Carpathians, etc. are also
the result of the indicated partitioning). The above-
mentioned isolated mountain bodies (which are the
remains of several strongly partitioned and fragmented
horsts) represent mixed (tectonic and lithologic)
monadnocks (erosion witnesses) on certain  post-
Paleogene (possibly Laramic as well) leveled terrains
(peneplains) covered by Cenozoic sediments. The
Apuseni Carpathians would represent (Stanoiu, 2002b)
the largest of these monadnocks, bended, rotated to the
right and strongly pushed (together with the
Transylvanian Basin territories) to the E and NE (as a
result of the previously discussed geodynamic process),
in the interior of the inner part of the Vrancea Bend,
between the territories (completely different from a
geological and geomorphographic point of view) of the
Eastern and the Southern Carpathians.

The overall geomorphographic setting indicates that
the Apuseni Carpathians Monadnock is located at the
intersection of several main lineaments of horsts: a
group of horsts lineaments striking NE-SW (controlled
by the faults belonging to the Timisoara - Oradea -
Satu Mare System, which exhibit the same strike) and
a group of horsts lineaments striking mainly NW-SE
(controlled by the faults of the West - Apuseni
Carpathians System, bearing an identical strike). The
faults belonging to the West - Apuseni Carpathians
System and especially to the Timisoara - Oradea - Satu
Mare System are very well represented in the
Pannonian Depression.

The seismic domain in Vrancea area (with focal
depths ranging mainly between 50 and 150 km) is
located within the Carpathians Foreland, immediately
outside the Vrancea Bend of the Carpathians Orogene,
approximately underlying the Focsani depression, at
the junction of five major units of the terrestrial crust
(the Carpathians Orogene, the North Dobrogean
Orogene, the East European Platform, the Skythian
Platform, the Moesian Platform) and at the intersection
of seven important fracture type tectonic structures(
the Periadriatic — Southtransylvanian Lineament, the
Peceneaga-Camena Lineament, the Trotus Lineament,
the Bistrita Lineament, the Vaslui Lineament, the Siret
Lineament, the Solca Lineament). There seems
probable that the mechanical stresses induced by the
amplification of the Carpathians Orogene Vrancea
Bend (to which there are also added the influences of
the Carpathians Foreland own geodynamics) impose
some periodical tectonic re-organizations. As a result
of these tectonic re-organizations, the rocks in the
deeper layers of the Vrancea region lithosphere are
lowered to much larger depths (that are subject to high
temperatures and pressures) which produce sudden
physical-chemical changes (probably of the phase
change type), with important releases of energy re-
converted into mechanical energy.
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PALEOGEOMORPHOLOGY AND EVOLUTION OF THE ANCIENT
PELUSIAC BRANCH OF THE NILE DELTA!

PALEOGEOMORFOLOGIA SI EVOLUTIA VECHILUI BRAT PELUSIAC
AL DELTEI NILULUI!

Magdy TORAB?

Abstract: The ancient Nile Delta branches have been recognized in various historical maps. The total
number of the delta branches was between 3 and 16 distributarie; most of them have silted up, except two
branches (Rosetta and Damietta). The ancient Pelusiac branch has been traced on the easternmost part of
the Nile Delta in the northwestern corner of the Sinai Peninsula. This paper focuses on identifying the
relics of Pelusiac branch and on remapping the paleogeomorphology of the ancient river channel, based
on several data resources and methods such as: cartographic analysis of historical topographic maps,
detailed geomorphological surveying of some residual landforms and defunct channels by using Total
Station and GPS, interpretation of aerial photographs and remote sensing images, morphometric analysis
of the relict branch, morpho-sedimentary, fossils and petrographic analysis and Cy4 dating of boring
samples of deltaic plain, coastal ridges and ancient channel as well as its ancient mouth. The present
study tries to define the evolution stages of the branch during the Holocene. The major changes before
disappearance induced by human effects and some natural factors such as: sea level changes, coastal
erosion, aeolian deposition, variation of river discharges and tectonic subsidence.

Keywords: Nile Delta, Pelusiac branch, paleogeomorphology, ancient Nile Delta.
Cuvinte cheie: Delta Nilului, bragul Pelusiac, paleogeomorfologie, fosta Delta a Nilului

1. Introduction

The branches of the Nile Delta of the Neonile
were more numerous during most of the Holocene,
the total number of these distributaries ranging
between 3 and 16; they are mentioned in some
historical and ancient maps. Five of them
disappeared, being silted up, except two branches
(Rosetta and Damietta). The Pelusiac branch was as
far eastward as the recent Nile Delta in the
northwestern corner of Sinai Peninsula.

The Pelusiac branch was mentioned on ancient
Egyptian monuments as "The waters of the sun".
The ancient Pelusiac branch has been traced based
on several data resources and methods, such as:

1- cartographic analysis of historical topographic
maps;

2- detailed geomorphological surveying of some
residual landforms and defunct channels by using
Total Station and GPS;

3- interpretation of aerial photographs and mosaic;
4- analysis of satellite images by using ERDAS
IMAGINE 8.4 software.

The Pelusiac branch started from the Damietta
branch north of Cairo "Leontopolis”, and followed
the El-Shargawia irrigation channel, the Bahr Faqus

1. Introducere

Tn cea mai mare parte a Holocenului, Delta
Neonilului a fost formata din mai multe brate,
numarul total al acestora variind intre 3 si 16; ele
sunt mentionate pe unele harti istorice stravechi.
Cinci brate au disparut, fiind colmatate. Exceptie fac
bratele Rosetta si Damietta. Bratul pelusiac se
intindea spre est aproximativ pe acelasi aliniament
al deltei recente a Nilului Tn coltul nord-vestic al
Peninsulei Sinai.

Bratul pelusiac a fost mentionat pe monumentele
egiptene antice ca ,,apele soarelui”. Cursul vechiului
brat pelusiac a fost trasat pe baza mai multor surse
de date si metode, precum:

1. Analiza cartografica a hartilor topografice
istorice;
2. Analiza geomorfologica detaliata a unor

platforme reziduale si a unor foste canale cu
ajutorul Statiei Totale si GPS;
3. Interpretarea aerofotogrammelor si mozaicurilor;
4. Analiza imaginii satelitare folosind software
ERDAS IMAGINE 8.4.

Bratul pelusiac se desprindea din bratul
Damietta, la nord de ,Leontopolis”-ul din Cairo, si
urmarea canalul de irigatie El-Sharqawia, Bahr

! This Paper is submitted to the Sixth International Conference on Geomorphology, September 7-11 2005, Zaragoza (Spain).
2 Dep. of Geography, Faculty of Arts, Damanhour branch, Alexandria University, Egypt, magdytorab hotmail.com.



passing by Faqus channel, it then followed the
Daidamun channel passing the ruins of Tell El
Dab'a, on the left side of Tell Qirgafait then
followed the Sama'na channel north of Qantir and
passed by Tel Rara'un, it continued in the ridge of
Sama'na channel to its tail and followed the old
Bahr El Bahr El Bagar to Tell EI Fadda then Tell El
Luli and Tell EI Farma " Pelusium" (Fig.1).

2. Recent morphology of the relict stream

The course of the Pelusaic branch has been
traced depending upon the following evidence and
geomorphological aspects (Sneh et al., 1973 and
Torab, 1997):

1- the interpretation of Landsat image® and aerial
mosaic;

2- the flections of contour lines in the topographic
maps which show the natural water courses *;

3- relics of meanders of man- made irrigation and
drainage canal;

4- the remains of Ox-bow lakes which appear near
the man-made irrigation and drainage canals.

5- the remains of aits and islands which appear
inside the man-made irrigation and drainage canals;

6- the relics of natural levees which appear on the
edge of man-made irrigation and drainage canals;

7- the flections of isodepth lines of lagoons
(Burulus and Manzala Lakes) which indicate the
mouths’ relics of ancient canals®;

8- the sites of ancient river mouths were
determinant based upon subsurface geology of delta
land and coastal lakes and thickness of Holocene
Nile mud;

9- the correlation between the location of ancient
Greek towns and delta branches, because the
population depended on the Nile navigation as
principal means of transportation during this period,;

10- geographical distribution of fluvial sediments
of the delta and the geological sections across the
Nile delta to show the thickness of the ancient
branches.

3. Paleomorphology of Pelusiac branch

The morphology of the relict channel has been
measured from the field as well as aerial
photographs and satellite images (Fig.2):

3.1. Sediment borings:

Five soil borings were collected by Simthsonian
Institution in 1985, using trailer-mounted combination
rotary percussion machines, X radiographs were made
of all samples, and for each of 149 sediment samples
there were determined the percentages by weight of
sand (>63 um), silt (2-63 um) and clay (< 2 um) were
determined (Coutellier et al.,1987).

® By using IRDAS IMAGINE 8.4 software.

Faqus trecand pe langa canalul Faqus, apoi canalul
Daidamun pe langa ruinele de la Tell El Dab’a, pe
partea stdnga a Tell Qirgafait, urméand canalul
Sama’na la nord de Qantir, pe langa Tel Rara’un,
continuand pe marginea canalului Sama’na pana in
capatul acestuia, apoi pe Bahr El Bahr El Bagar
pana la Tell EI Fadda, Tell EI Luli si Tell EI Farma
»Pelusium” (Fig. 1).

2. Morfologia recenti a cursului relict

Cursul bratului pelusiac a fost trasat in functie de
urmatoarele dovezi si aspecte geomorfologice (Sneh
et al., 1973 si Torab, 1997):

1. interpretarea  imaginii  satelitare® si a
aerofotogrammei;
2. flexurile liniilor de contur ale hartilor

topografice pe care sunt figurate cursurile de apa’;

3. meandrele relicte ale canalelor antropice de
irigatie si scurgere ;

4. ramagitele belciugelor care apar langa canalele
antropice de irigatie si scurgere ;

5. resturile unor ostroave si insule care se gasesc
n canalele antropice de irigatie si scurgere;

6. Ramasitele digurilor naturale ce apar pe
marginea canalelor antropice de irigatie si scurgere.

7. flexurile izobatelor din lagune (Lacurile
Burulus si Manzala) care indica gurile relicte ale
fostelor canale®;

8. siturile fostelor guri de varsare au fos stabilite
pe baza geologiei substratului deltei, a lacurilor
costiere si a grosimii namolului din perioada
Nilului holocen;

9. corelatiile Tntre situarea oraselor grecesti antice
si bratele deltei, deoarece populatia depindea de
navigatia pe Nil, ca principal mijloc de transport n
acea perioada;

10. distributia  geografica a  sedimentelor
fluviatile din delta si sectiunile geologice
transversale din Delta Nilului, pentru a arata
grosimea vechilor brate.

3. Paleogeomorfologia bratului pelusiac

Morfologia fostului canal a fost masurata pe
teren, precum si cu ajutorul aerofotogrammelor si al
imaginilor satelitare (Fig. 2):

3.1. Sedimentele din carote

Tn 1985 au fost colectate cinci carote de sol de catre
Smithonian Institution, cu ajutorul unor masini cu
percutie rotativa; toate mostrele au fost analizate cu
ajutorul razelor X, determinandu-se totodatd si
proportiile prin greutatea nisipului (> 63 um ), malului
(2-63 um ) si argilei (< 2 um ) pentru toate cele 149 de
mostre de sedimente (Coutellier et al., 1987).

La partea inferioara (niveluri litologice mai

* Egyptian surv. Dep. , 121 topographic maps of the middle portion of the Nile delta , scale 1:25000 , with ¥ meter

interval of contour lines, Cairo , 1907.

® French Expedition to Egypt , Explanation of Egypt , Topographic Atlas of Egypt , scale 100,000, Paris, 1821
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Most of the lower part of cores (older lithologies
level) have recovered iron-stained (yellowish-
brown), coarse-grained sands composed largely of
quartz grains, as fluvial Pliestocene deposits. The
lower part of the branch was submerged as a result
of sea level rise, both the volume and the grain size
of the transported material decreased as recorded by
fining upward of the sand layers in the north cores
(Coutellier et al.,1987).

vechi) carotele au prezentat Tn mare parte pete de
fier (brune-galbui) si nisipuri grosiere alcatuite in
mare parte din cuart, asa cum sunt depozitele
pliocene. Partea inferioara a bratului a fost submersa
n urma ridicarii nivelului marii, micsoransu-se atat
volumul, cat si dimensiunea granulelor din
materialul transportat, dupa cum atesta straturile de
nisip fin situate deasupra in samburii din nord
(Coutellier et al., 1987).

Mediterranian Sea

Pelusaic branch = .

3.2. Causes of disappearance of the Pelusaic branch
Many reasons have been suggested as causes of
disappearance of the Pelusaic branch; Abu Al-l1zz
1971:132, Torab 1998:96 and Embabi 2004:71
summarize these causes in the following points:
1. positive Eustatic changes of sea level (rise)
during the last deglaciation period and the
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3.2. Cauzele disparigiei bragului pelusiac

Pentru a explica disparitia bratului pelusiac au
fost invocate mai multe cauze, Abu Al-lzz
1971:132, Torab 1998: 96 and Embabi 2004:71
prezentandu-le succint dupa cum urmeaza:
1. schimbari eustatice pozitive ale nivelului marii
(o crestere) in timpul ultimei perioade interglaciare



submergence of the lower section of the branch by si inundarea portiunii mai joase a bratului de catre

sea water; apele marii;
2. tectonic rising of the eastern desert, causing 2. ridicarea tectonica a desertului din est, ceea ce a
water to drain the western branches of the Delta; facut ca apa sa fie drenata de bratele vestice ale deltei;
3. the reduction of the amount of water during 3. micsorarea volumului de apa la inundatii;
floods; 4. acumularea depozitelor fluviale si marine la gura
4. the accumulation of fluvial and marine de virsare a bratului, sub forma unor cordoane
deposits inside the branch's mouth as marine bars; maritime;
5. the neglect of the local drainage system as a 5. neglijarea sistemelor locale de drenaj in urma
result of wars. razboaielor.
3.3. Water discharge estimations 3.3. Estimarile volumului de apa
The relationship between branch morphology and Relatia dintre morfologia bratului si hidrologie

hydrology involves the supply of water and sediment  implicd aportul de apa si sedimente de pe bratul
from upstream in Damietta branch to ancient mouth of ~ Damietta din amonte spre vechea gura de virsare a
the Pelusaic branch. The following equation is used to  bratului pelusiac. Pentru a masura volumul mediu

measure the mean annual water discharge (QW): anual de ap3, se foloseste urmatoarea ecuatie:
QW =wJd,| (Bakerin: Goudie, 2004.753), QW =w,d,| (Bakerin: Goudie, 2004.753),
S S

where w is the channel width, d = depth, | = the
meander wave length, and s = the gradient of the
channel. The above-mentioned relationship is often
used in the paleohydrology studies to estimate water
discharge of underfit rivers and of some capture
streams as well as the morphological effects of
climatic changes in the United States and Europe.
The above-mentioned parameters for the relicts of
the Pelusiac branch were measured during the field
study (Table 1).

unde w este latimea canalului, d — adancimea, | —
lungimea meandrului si s — gradientul canalului.
Relatia de calcul de mai sus este folosita frecvent in
studiile de paleohidrologie pentru estimarea volumului
de apa al réurilor subdimensionate in raport cu vale
ape care 0 ocupa si a unor rauri de captare, precum si a
efectelor morfologice ale schimbarilor climatice in
Europa si SUA. Parametrii mentionati anterior au fost
masurati pentru ramasitele bragului pelusiac in timpul
studiului pe teren (Tabelul 1).
Table 1/ Tabelul 1
The morphological parameters of the relics of Pelusiac branch/
Parametrii morfologici ai ramasitelor bratului Pelusiac

Width (m)*/ Depth (m)**/ Meander wave length (m)***/ channel gradient****/
Latime (m) Adéancime (m) Lungimea de unda a meandrului gradientul canalului
(m)
255.6 145 5720 1:10.000

* Field measurement / masuratori pe teren.

**  Sediment boring results / Resultatele carotelor de sedimente.

***  Satellite image measurement / Masuratori ale imaginilor satelitare.

**** Measurement from topographic map scale 1:50000 / Masuratori pe harta topografica, scara 1:50000.

The results obtained by using the above equation Rezultatele obtinute Tn urma aplicarii ecuatiei de
show that the ancient discharge of the Pelusaic branch mai sus indica ca vechiul volum al bratului pelusiac a
was: fost de:

QW =255.6 x 14.5 x 5720 = 0.00212 m/s = 0.212 cm/s QW =255.6 x 14.5 x 5720 = 0.00212 m/s = 0.212 cm/s

0.0001 0.0001
The calculations demonstrated that the velocity of Calculele au demonstrate ca viteza de curgere a apei

the flowing water in the channel was very low and itdid  pe canal a fost foarte mica si ca nu a existat suficienta
not have enough energy to move the amount of water  energie pentru a misca tot volumul de apa. De exemplu,
discharge. For example, the discharge of other streams  volumul altor cursuri de apa care au aceeasi parametri
which have the same morphological parameters usually ~ variaza in general intre 0,4 si 0,6 cm/s. Bratul a incercat
ranges between 0.4 and 0.6 cm/s. The branch tried to  sa transporte o cantitate mare de sedimente, dar acest
carry great amount of sediments, but it was very lucru a fost foarte dificil din cauza dinamicii reduse, din
difficult because of its weak dynamics, for obvious  motive evidente bratul colmatandu-se si disparand.
reasons the stream silting up and disappearing. O alta ecuatie Tncearca sa estimeze vechile volume
Another equation tries to estimate ancient water  de apa tindnd cont de schimbarile de granulatie spre
discharges by using the downstream changes in grain-  aval (Sundborg et al., 2001:39-54). Aceasta metoda
size (Sundborg et al., 2001:39-54). This method has  pentru estimarile paleontologice este folosita de mult
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been used for paleohydrological estimations for a long
time, the equation being used to measure the water
discharge of some rivers in the Baltic Basin during the
last deglaciation period. The suggested equation is :

Q =BL log {w2Q(w2) —wi1Q(w1)}
Log F

where Q is the water discharge within the flow width
B - the distance between the two measured locations L,
wl - silting velocity in these locations, w2 - the
frequency distribution of grain-size in the measured
localities. The parameters B and L were measured on the
field, the parameter F was measured on the topographic
map; the parameters wl and w2 are selected from the
grain-size (Fig. 3). Two sediment samples were collected
from two locations: first one (No.1) from El-Shargawia
irrigation channel and the second location (No.2) near the
relict mouth of the Pelusaic branch beside Pelusium
ancient city (Tell EI-Farma).

4. Results

The results of the palaeodischarge calculations
indicate discharges by using a sediment deposition
model, which is based on current knowledge of the
processes of transport and deposition of suspended
material on the bottom floor and on sedimentological
data from field boring and grain-size analysis (silting
velocity). The calculated palaeodischarge model has
shown that the velocity of flowing water in the channel
was very low and it had not enough energy to move the
amount of water discharge, as a result of diminished
amount of water during floods as well as positive
Eustatic changes of sea level (rise) during the last
deglaciaion period and the submergence of the lower
section of the branch by sea water.

timp, utilizdndu-se aceastd ecuatie pentru a masura
volumul de apa al unor réuri din bazinul Marii Baltice
Tn urma perioada interglaciara. Ecuatia propusa este:

Q =BL log {w2Q(w2) - wi1Q(wl)}
Log F

unde Q — volumul de apa Tn sectiune transversala,
B — distanta dintre cele doua puncte L de masuratori,
w1l si w2 viteza de aluvionare in aceste puncte si
frecventa si distributia granulometrica din aceste
puncte. Parametrii B si L au fost determinati pe teren,
parametrul F a fost masurat pe harta topografica, iar
w1l si w2 au fost selectati din granulometrie (Fig. 3).
Cele 2 mostre de sedimente au fost colectate din doua
puncte: primul in canalul de irigatie de la El-
Shargawia, celalalt aproape de fosta gura de varsare a
bratului pelusiac, langa orasul antic Pelusium (Tell
El-Farma).

4. Rezultate

Cu ajutorul rezultatelor obtinute Tn urma
determinarii paleodebitului, a fost enuntat un model
de sedimentare, care Se bazeaza pe cunoasterea
actuala a proceselor de transport si depunere a
aluviunilor n suspensie in albia raului, precum si pe
datele obtinute in urma forarilor si a analizei
granulometrice. ~ Conform  modelului  pentru
paleodebit, viteza de curgere a apei pe canal a fost
foarte mica, neavand suficienta energie pentru a
transporta tot volumul de sediment, ca rezultat al
reducerii volumului de apa la inundatii si al
schimbarilor eustatice pozitive ale nivelului marii
(crestere) in timpul ultimei perioade interglaciare si
a invadarii cursului inferior al bratului de catre
mare.
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5. Conclusions

The present study shows that the disappearance of
the Pelusiac branch may have occurred during low-
flood years as a result of arid period of climatic
changes, when the deposition action was more
energetic than during humid periods. This is the mian
reason for the disappearance of the Pelusiac branch.
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5. Concluzii

Prezentul studiu indica faptul ca disparitia bratului
pelusiac poate sa fi avut loc In timpul anilor fara
inundatii ca urmare a perioadelor secetoase/aride din
timpul chimbarilor climatice, cand actiunea de
sedimentare a fost mai energica decat in alte perioade
mai umede, acesta fiind principalul motiv al disparitiei
bratului pelusiac.
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THE ALLUVIAL FAN OF THE C ALM ATUI RIVER !

AGESTRUL CALM ATUIULUI'!

Lucian BADEA?

Abstract: The Glmatui river (one of the secondary tributariesthe Danube, having its origins

the plain) built a big alluvial fan on the western side of thail®r-lood Plain Meadow (Balta
Briilei), by superposing and juxtaposing several sand banks and secondary dejectiom luoihes.

was formed through successive movements of the river course southwards, finally remaching
direction contrary to the general slope of the Danube Floodplain. This could only have happened i
the conditions of an alluvia contribution that cannot be justified through thenprégdraulic
potential of the river. The big quantity of alluvia deposed on the Danube Floodplain can be explaine
through the passage of the Buziver water on the &@matui valley during the floods and constitutes

an argument for the existence of an old course oBilnau on this valley, which it abandoned
Holocene.

Key words: alluvial fan, the Danube floodplain, thél®atui River, the Buiu River
Cuvinte cheie:agestru, Lunca Dumii, raul Calmatui, raul Buzu

The processes that contribute to the acceleration EXxisti o mare diversitate a formelor
and completion of the evolution of a floodplain manifestare a proceselor care particlp gribirea
manifest themselves under a great diversity of formssi definitivarea evoltiei albiei majore sau a lunc
Depending on the agent, on the nature of the proceds funciie de agent, de natura procesukii de
and on the conditions of occurrence, they fall into twocondtiile Tn care se manifest acestea pot -
categories: slope processes, that occur on the slop&scadrate frdoui categorii: procese de pante se
and the banks that border the floodplain (crumblingmanifesi pe versati si malurile care rarginesc
sheet erosion, rain-wash, Ilandslide, lacustrindunca (riruire, spilare, siroire, alunecare
abrasion), and alluvial-proluvial processes, that occuabraziune lacusi) si procese aluvigroluviale,
at the mouth of the tributary brooks. manifestate la guraailor paraielor afluente.

If the first category processes are more widespread Daca procesele din primacategorie au
and give birth to those small glacis located on theraspandire mai margi dau natere la acele goare
margin of the floodplain, which advance more or lesstapsane de la marginea luncii, care Tnainteazai
towards its interior (depending on the height of themult sau mai ptin in interiorul ei (in funge de
slopes and on the intensity of the denudationinaltimea versatilor si intensitatea proceselor i
processes), though without modifying too much itsdenudare), &3, Tnsi, a modifica pea mult aspectt
aspect, the second category processes are letsncii, cele din a doua au @aspéandire mai redds
extended, but they can bring about radical changes idar pot aduce schinib radicale Tn aspectul loc
the local aspect of the floodplain, depending on theal luncii, in raport cu @rimea raului afluentsi
size of the tributary and on its transport capacity. capacitatea de transport a acestuia.

If we consider particularly the Danube floodplain, Daca ne referim in mod concret la albia majar
there are enough situations to exemplify the changes th&iunarii, exemple cu asemenea modificale luncii
it underwent at the mouth of the big valleys, because thta gura \ilor mari gisim suficiente, fiindg
alluvial fans located at the mouth of certain valleys, suchagestrele de la gura unordiy precum cele al
as the Drincea, the Jiu, the OIt, the Argbe lalomia, Drincei, Jiului, Oltului, Argsului, lalomitei,
the Gilmatui etc., bring about serious changes in theCalmatuiului etc., aduc modifi@i puternice ir
aspect and in the normal profile of the floodplain. aspectuki Tn profilul obisnuit al luncii.

The alluvial fan of the &matui drew special Dintre toate acestea, atireut atenia, in mod ct
attention; even if it is not built by one of the most totul deosebit, agestrul &natuiului care, fira sa

Y The article was drawn up it963, following the research conducted for the study “The Geography of the Romanian

Danube Valley”, work published by the Academy Publishing House, 1968.
% The Institute of Geography, The Romanian Academy, Bucharest
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important rivers of the Romanian Plain, the fan appear§ie generat deatre unul dintre raurile de seamle
as the most developed and having its own kind ofCampiei Roméane, apare ca cel mai dezvgitati o
constitution, which placed it in the attention of many constituie cu totd proprie, ceea ce a star
researchers since the first years of the past céntury  interesul multor cercétori inci din primii ani ai

In a study (realized in 1910) on the lower course ofsecolului trecut.
this rivef, Aurel Pa#, one of those who registered the ~ Dintre cei care au consemnat exigt
existence of the alluvial fan of theal@atui, showed agestrului Glmatuiului, Aurel Pai, Tntr-un studiu
himself surprised not only by the presence and the siz&in 1910) asupra cursului inferior aki@atuiului,
of the alluvial fan, but especially by the fact that as-a a#tat surprins atat de prema si marimea
hydrographical body of the size of thél@atui could  agestrului cdtmai ales, de faptulacun organisn
build such a landform and brought about such arhidrografic de dimensiunile &matuiului a putut
important change of the Danube floodplain. crea o asemenea foiinde reliefsi a adus o atat c

Indeed, what is striking about this debris cone is itsmare modificare a Luncii Dumii.
form, along with its dimensions and its general aspect, Intr-adevir, la acest con de dajge frapeaz
but the ratio between its size and the presenforma, dimensiunilesi aspectul 8u general, da
hydrological potential of the Zmatui rive appears mult mai surprinitor apare raportul dintr
even more surprising. This is even more unusual if wedimensiunile luigi potentialul hidrologic actual a
consider the fact that only few of the tributaries of theCalmatuiului. Acesta apare cu atat mai tpu
Danube (such as the Jiu, the Olt and the Argeers)  obisnuit cu cat numai a&va din afluenii Dunarii
built more extended alluvial fans and the lal@miver,  (ca Jiul, Oltul, Argeul) au construit agestre m
characterized by much bigger flow level and intinse, iar lalomia, cu un debitsi o putere de
transportation power, was not able to form such a fantransport incomparabil mai mari, nu a ggusa
It is known the fact that only the main tributaries of theformeze nici pe departe un asemenea consti®e
Danube, with a high transportation power, were able ta@a numai aflueri principali ai Durdrii, cu 0 mare
accumulate in the great river's rhythm, in order to raiseputerede transport, au putu acumuleze in ritmt
and maintain their riverbeds at the level of the Danubecesteia spre g-inilta si mertine albiile la nivelul
Floodplain. The other tributaries were not able toLuncii Durarii. Ceilalti afluenti, neputanc
transport the necessary quantity of alluvia and, thustransporta cantitatea de aluviuni necésmmiltarii
remained at a lower level (the alluvia in the Danubepatului de aluviuni Tn acegaritm, au amas la ur
floodplain forming a real obstacle at the mouth of thosenivel ceva mai coborat (aluviunile din Lun
rivers); inevitably, the valleys of those tributaries Dunirii constituind la gura lor un adésat baraj)
became marshes or fluvial limans (Me=a, Glatui, si, inevitabil, vaile acestor aflueth s-au Tnméstinit
Oltina etc.). From this category, only theili@atui sau au devenit limane fluviatile (Mogta,
valley, characterised by special location conditions, didGalatui, Oltina etc.). Din categoria acestora nui
not evolve in the above mentioned direction (nor in thevalea Gilmatuiului, situanduse in condii cu totul
direction in which the big river valleys evolved), but in speciale, nu a evoluat in ditex aceastas( nici in
its own specific form, realizing the big alluvial fan direaia de evoltie a \ailor raurilor mari), ci intre
located in the floodplain, between the Danube (theforma proprie, construind marele agestru din lu
western side of the Bila Flood Plain Meadow) and the cupringt intre Durire (latura vestit a Baltii
eastern side of theaBigan. Brailei) si marginea estica Biraganului.

The form and size of the alluvial faimhe general Forma si dimensiunile agestrului Direcia
west — east direction of theal@atui river suddenly generai vestest a GImatuiului se frange brus
changes southwards, exactly when the river enters theatre sud, chiar la firunderea acestuia in Lun
floodplain of the Danube. Only after another almost 15Dunirii. Abia dupa Tnca aproape 15 kmgi un ocol
km and a marked detour south-eastwards, with verpronuntat atre sud-est, cu meandre foart
sinuous meanders, it loses its waters in the @arli intortocheate, ajungei sse piard in albia Garljei
riverbed (probably the trace of an old river branch),(urma probabil a unui vechi btp lasand in stang
leaving on its left side a surface that is higher ando suprafga mai Tnalt si mai valurita decéat restu
rougher than the rest of the floodplain and the altitude ofuncii, care, in8, coboa# treptat @tre est. Aici
which gets gradually lower eastwards. Here, the Danubalbia majod a Duririi (consideata ca parte
Floodplain (considered as an external, western part ofxterri, vestic, a Biltii Brailei) are o ftime de 7 —
the Bgila Flood Plain Meadow) is 7-8 km wide and 8 km si prezin& douwa trepte, cu doli aspecte
displays two steps, with two different aspects, but whichdiferite, dar care améan, totgi, amandoé Tintru

% We talk about G. M. MurgociL@ plaine roumaine et la Balta du Danul@uide du Congr. Intern. du Pétrgl2907),
Emm. de MartonnelL@ Valachie Paris, 1902), de G. Valsattdmpia Romé&i Bul. Soc. Rom.Geogr. T.XXXVI, 1915).
“ A. Pari — Cursul inferior al Giimgzuiului, An. Inst. Geol. Rom., Vol.ll, 1900, fasc. 1.
® The Gilmatui Alluvial Fan is 15 km long from North to South and 6 km wide, on the most developed sector, on the
alignment of Stncua village.
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remain both totally integrated into the floodplain: totul integrate luncii: la est, in lungul D&mi, o
eastward, along the Danube, there is a low 1 to 4uprafai joasi in care domia depresinile lacustre
kilometres wide surface dominated by the lacustrinecu o ktime ce variaz intre 1si 4 km, iar la ves
depressions; westwards, there is the high step of thieapta Tnak a conului de dejaee al Gilmatuiului
Calmatui alluvial cone, its north-western extremity rising care, in extremitatea lui nonestici, se Tnafa cu
with 5-6 meters above the general level of the floodplairb-6 m, faa de nivelul general al luncii, p&rna 15-
and reaching an absolute altitude of 15-16 meters. 16 m alt. abs.

Rising a few meters above the general level of the T1niltandu-se ciwc&iva metri peste nivelul gener
floodplain, the fan closes the widel@atui valley, al luncii, conul Tinchide valea cea larga
which remains behind it as an old floodplain band,Calmatuiului care Bméane in spatele lui ca osfé de
crossed by many old meanders, typical hooks andunca Tmbatranita, stabatuta de o mufime de
abandoned river branches. Because of the extremelyneandre vechi, de belciuge tipicg de brae
small flow slope and especially at the spring freshetsparasite. Datorii pantei de gargere extrem d
the Gilmatui (which disappears on certain portions, in reduse, mai ales Tn timpul viiturilor de pdéwara,
summertime) generates floods during which importantCalmatuiul (care in timpul verii pe anumite pami
guantities of alluvia are transported. dispare in intregime) produce inumidan timpul

The raised portion located at the mouth of thecdrora sunt transportate mari caatitde aluviuni.
Calmatui is not as smooth as the floodplain usually is, Poriunea iriltata de la guraCalmatuiului nu are
nor does it display a certain uniformity concerning itsnetezimea olhuita a luncii si nici nu prezini o
outline and its general extension. Besides the fact that itniformitate in ceea ce priyie conturul si
bears the traces of several elongated concavities, undextensiunea sa geneialPe 1ang cia este bizdat
the form of old, clogged, long-evolved riverbeds (in de mai multe concaviti mult alungite sub form
some places, they can hardly be seen on the surface), tsor vechi albii colmatatei Tndelung &oluate (in
margin towards the Danube, that slowly disappears iunele locuri abia perceptibile pe supnaf
the depressions of the floodplain, appears vengterenului), marginea ei dinspre Dire, care s
sinuously shaped because of several alternativpierde pe nesimte in depresiunile luncii, apa
advancements and withdrawals. This outline shows notoarte sinuos conturat din cauza mai multc
only a joining between the high and the low parts of thelnaintari si retrageri alternative. Conturul ace:
floodplain, as well as a rapid passage between the twara& nu numai o imbinare intreigile Tnaltesi cele
surfaces, but also a progressive advancement of the faonase ale luncisi o trecere rapidl intre cele doa
(with certain directions of accumulation concentration)suprafeée, darsi o Tnaintare progreséva conului
in the detriment of the low alluvial plain located at its (cu anumite direti de concentrare a acunauii) Tn
margin. Due to the interpenetrations between the lowdauna luncii joase de la marginea sa. Din ce
floodplain and the alluvial fan, the latter one has aintrepitrunderilor dintre lunca jodssi agestru
general lobed shape. It displays four big lobes thatcesta din urthare o formi de ansamblu lobat El
advance more or less towards the Danube angrezint patru lobi mari care Thainteaznai mult
depression portions separate them. Each lobe has twgau mai ptin catre Durire, desprtiti Tntre ei de to
or three secondary lobes (a kind of prolongations omtatea paiuni depresionare. Fiecare lob prezi
advancements that are 1-2 km long and correspond toi sau trei lobi secundari, (un fel de prelungiri
the old riverbeds of thealnatui). The lobed form and Tnaintari de 12 km, care corespund vechilor al
the general aspect of the cone cannot be explaineale Gimatuiului). Forma lobat a conului casi
through the existence of a single simple alluvial fan,aspectul #u general presupun existannu a unu
but through a superposition and juxtaposition of conesingur agestru simplu ci o0 suprapunesé o
and sand banks situated along the old riverbeds that thaxtapurere de conurisi de grinduri de mal dil
Calmatui successively abandoned (Fig. 1). lungul vechilor albii ale @matuiului parasite

On five of the seven prolongations of the lobes (onsuccesiv (Fig. 1).
their edge), there appeared and subsequently developed De remarcat & pe cinci dintre celesapte
certain villages: &hcua, Stanca, Poliz®, Gura  prelungiri ale lobilor (la extremitatea lor)asfixat si
Calmatui, Bertati, which mark the alluvial fan's dezvoltat cate un sat: #icua, Stanca, Polizé,
extremity towards the Danube. The presence of th&ura  Gilmatui, Bertsti, care  marcheaz
villages shows the fact that theil@atui alluvial fan  extremitatea dinspre Dére a agestrului. Prezex
generated favourable conditions for the human arrival andatelor arai ca agestrul Glmatuiului a creat condii
settlement very close to the resources of the Flood Plaifavorabile pentru ftrundereasi stabilirea omului
Meadow and of the Danube, avoiding to some extent theat mai aproape de resurselaltB si Dunarii,
damages periodically generated by the outflows of theevitdnd in oarecare #&sur, mai ales neajunsuri
Danube, during a time when the hydrological arrangemertaduse periodic de réssirile Durdrii, intr-o vreme
works were out of the question. cand nu se putea pune problema unor anienaj

The structure and the formation of the alluvial  Constityia si formarea agestruluiFaptul & avem
fan. The fact that we deal with an extended detritus  de-a face cu un intins con de deje@ste dovedit,

36



O Viziru

Ir E
0

'

: LA Spiru’

a o

e, e

TN \Gurs Calmatii

Ty

' Ol Bravi N\,

._._-I\_.-_-'-'I'I' !'_ O
g DVIORE B S
b J- - ."."I‘."IL“:'-.' _'- '\-- '..:'- . ,-: :.- g )

B S

i ——r =
B.Los

B -

+28

F e e I T
At L o »
1 T Sk=— 44— ]

B|: _-.'_-' ;

Fig. 1 The Alluvial fan of the Gilmaitui / Agestrul Calmatuiului
1. the 10-12 m terrace; 2. aeolian sands, dunes; 3. alluvial fan; 4. the limit of the cone; 5. abandoned riverbed; 6. the
floodplain covered with grass and reaeeold, abandoned riverbeds. /
2. terasa de 10 -12 m; 2. nisipuri eoliene, dune; 3. agestru; 4. limita conului; 5.aaflsigip6. lund Tnierbatasi cu stuf;a-e
albii vechi girasite.
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cone is proved, on the one hand, by the outer aspect pie de o parte, daspectul exterior al acestei fori
this landform and by the presence of certain oldde reliefsi de prezera unor vechi cursurigpasite
watercourses abandoned by thé&ln@Gtui river and de Gilmatui dispuse radiar pe con, iar pe dea.
radically disposed on the cone, and, on the other hangharte de constitia litologica si de diferenele care
by the lithological constitution and by the differences apar intre alftuirea litologic a agestruluki cea &
between the lithological structure of the alluvial fan luncii de la marginea sa.
and that of the floodplain situated on its edge. lata, comparativ, dods deschideri situate pe un
For example, a comparison can be made bet  profil cu diregie NV-SE, intre Cuza Vadsi est
two openings located on a profile with NBE Polizesti, una situat in potiunea joas a luncii (in
direction, between Cuza Vo@nd Est Polizgi, one of depresiunea Cenaru), iar cealalt mai la vest, n
them located in the lower part of the floodplain (wit conul de dejege al Gilmatuiului (aproape de
the Cengaru depression) and the other westwaoiis marginea sa estig.
the Gilmatui debris cone (near its eastern margin). Intr-o sipatura de la est de Polizg (Fig. 2, B)
In an excavation situated eastwards of Pgii£Eig. profilul este format, Tn partea superidadintr-un
2, B) it can be seen how the upper part of the profile i®rizont negru, compact cu resturi daédacini de
represented by a black, compact horizon, with remnantplante acvaticei cu cochilii, gros de 0,6 0,8 m
of roots of aquatic plants and shells. This horizon is 0.6reprezentandun sol tipic pentru faza final din
0.8 m thick and represents a soil that is typical for theevoluia unui lac cénd acesta este invadat
final phase of a lake evolution, when it is invaded by thevegetaie. Sub orizontul superior se&igesc nisipur
vegetation. Under the upper horizon, there are yellowistiutoase ¢glbui, fara o anumii stratificgie, cu
silty sands, without certain stratification, with frequent frecvente treceri laterale, un depozit aluvio
lateral transitions, representing an alluvial deposit that igpropriu albiei Dudrii.
typical for the Danube riverbed. Caracteristicile litologice din profilul descris
The lithological features of the above-described profileintalnesc in Tntreaga suprgifgoasi de la est de sate
are encountered within the entire low surface locatedstancua, Stanca, Polizd. De remarcat, totodat si
eastwards of the villagesaBtua, Stanca, and Polige faptul G pe masura inairdrii din lunca joad catre
At the same time, it is to be noticed the fact that with theconul Gilmatuiului, orizontul de dasupra prezi#t pe
advancement from the low alluvial plain towards thelangi un procent mai mare de nisip, 0 schimbaiaiti
Calmatui alluvial fan, the upper horizon displays a highera culoriisi o solificare din ce in ce mai TnairtaSpre
proportion of sand and an obvious change of colour, asdificare, prezetitn si al doilea profil (A) situat [
well as a more and more advanced paedogenesis. In ordeord de satul Polizé.
to become clearer, we also present the second profile (A), Patura de sol cergiu nisipos, in grosime de 60-

located northwards of Poligevillage. 70 cm, acoperun depozit de nisipafpui, foarte fin,
The grey sandy soil layer, which is 80-cm thick, lutos, micaceu, cu lentile mai argiloage mai
covers a deposit of yellagh sand that is very fine, sillt  Tnchise la culoare. In adancimg schimhk treptat

micaceous, with more clayish and darker lens. Theonstituia, devenind mai lutos, cu lentile misi
deposit gradually changes its structure with the depthntercalaii fine, cu un cofinut mare de mit
becoming more silty, with small lens and fine Grosimea variazdle la 2 la 3 m. Sub el se afin alt
intercalations, with a high mica content. The thicknesslepozit, mai nisipos, (dar tot foarte fin), care ai
varies between 2 and 3 meters. Under this deposit thegeosime mult mai mare. In alte profile cu #lare
lies another one, which is sandier (but also very fine) andseninatoare, in orizontul al doilea apar un
much thicker. In other profiles with similar structure, inintercalaii mai cenyii cu gosimi ce variazintre 15
the second horizon there appear certain g si 25 cm ce par a fi urmele unor inceputuri
intercalations that are 15 to 25 cm thick and seem to tsolificare Tn condiile unei f&ii de tranziie intre
traces of an incipient paedogenesis process, taking plasaprafeele depresionare lacustgg cele de lung
in the conditions of a transition band between thénailtati, foarte rar acoperite de @agFig. 2).
lacustrine depression areas and the high alluvial plain Aparitia unei astfel de stratifici corespunde ntru
ones, that are very seldom covered by water (Fig. 2).  totul condiilor de la periferia  agestrului
The appearance of such a stratification correspond€almatuiului, adi@ acolo unde s-a produs inaintarea
entirely to the conditions from the lower part of the lui in detrimentul depresiunilor din luic
Calmatui alluvial fan, i.e. exactly where it advanced in  Intr-o deschidere in malul Darii (bratul Pasca)
the detriment of the floodplain depressions. din dreptul satului Sncua (Fig. 3) in partea
An opening in the Danube bank (the Pascasuperioai se obser¥ predominarea materialului
branch), near the village ofdatua (Fig. 3), shows, at nisipos cu intercalé de solificare incipierit. Este o
the upper part, the prevailing sandy material, withconstituie aseminitoare cu cea obsendatin
intercalations of incipient soil formation. This deschiderile din agestrul a@natuiului unde au
constitution is similar to that noticed in the openingspredominat acumdtile nisipoase Tn momentele de
from the Gilmatui alluvial fan, where the sand ape mari.
accumulations at high waters prevailed.
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Fig. 2 Profile in the Gilmaitui cone (A) and in the depression located on its margin (B), northwards of Polige
Profile A. 1. gray — brown sandy soil; 2. fine, silty, micaceous yellowish sand with grey-yellowish silty lens; 3. fine grey-yellowish sar
with fine, silty intercalations; 4. grey alluvial sand; a. 20 to 25 cm thick grey intercalation that seems an incipient soil formation.
Profile B. 1. black horizon of compact marsh soil; 2. yellowish silty sands without a certain stratification; 3. grey sand
Fig.2 Profil la nord de Polizati Tn conul Calmatuiului (A) si Tn depresiunea de la marginea lui (B)
Profilul A. 1. sol cengiu — brun nisipos; 2. nisipatbui fin, lutos, micaceu, cu lentile lutoase cengaglbui; 3. nisip fin ceniu-
galbui cu intercaldi fine lutoase; 4. nisip aluvial cegiu; a. intercalde cengie de 20 — 25 cm ce pare un inceput de solificare.
Profil B. 1. orizont negru de sol compact de gtitei; 2. nisipuri galbene lutoasérf o anumitastratificgie; 3. nisip cengiu

Fig. 3 Profile in the Danube riverbank, 400 m upstream of Sincuta

landing place

1. horizon of fine, grey, micaceous sand, poorly stratified, specific to all

banks that have recently been alluviated; 2. grey soil with fragments of shells
3 . (typical for the bottom of a pond or marsh, denoting an incipient stage of soil
formation); 3. grey — yellowish sandy silt; 4. black soil that contains remnants
of shells (if dried, it becomes very hard and compact, while moist it is
plastic); 5. yellow compact silt that feels greasy; if dried, it cracks into big
parts; it is sandy at the upper part; 6. gray compact silt with yellowish veins
and stripes, which contains limestone concretions; if dried, it cracks and
becomes very hard. It continues under the level of the Danube.
Fig 3 Profil Tn malul Dunarii la 400 m amunte de debarcaderul Stncuta

: ; 1. Orizont de nisip fin, cegiu micaceu, slab stratificat, specific tuturor
! malurilor recent aluvionate; 2. sol canwcu fragmente de cochili (de fund, de
balti sau mlatina indicand un stadiu incipient de solificare); 3. lut cgmu
galbui, nisipos; 4. sol negru, cu aimut de sframituri de cochilii. (Prin uscare

o devine foarte targi compact, iar umed este plastic); 5. lut galben compact
¢ 21 s 3 unsuros la pifit, care prin uscare, crafin budti mari, in partea supericgaeste
e S T nisipos; 6. lut cengu, compact cu vingi dungi gilbui, ce cofine concr@uni
e . ¥ calcaroase prin uscare ciiag devine foarte tare. Se contihsub nivelul
Durarii.

The important extent of the alluvial fan and the Intinderea mare a agestruluisi prezena
presence of numerous abandoned riverbeds on itaumeroaselor albii gyasite in cuprinsul lui arétca
surface show that this landform did not appear all ofel nu s-a format dinto- dati, ci treptat pe risura
the sudden, but gradually, along with the anastomosisnastomodrii si colmaérii albiilor mai vechi si,
and the clogging of the older riverbeds and, at thetotodat, a crerii altor albii Tn potiunile mai joase
same time, with the formation of new riverbeds in theDin aceast cauz forma agestrului apare lolaatiar
lower areas. This is why the form of the alluvial fan pe fiecare dintre prelungirile lui se poate obse
appears lobed and on each of its prolongations it cagéate un curs vechi, care, prin aluvionare, a avut
be noticed an older course, which built the respectivede constructor al p@unii respective. Dup gradul
area through alluviation. Taking into account the de colmataresi de estompare ultericara vechilor
degree of clogging and of subsequent fading of thecursuri, dug gradul de dezvoltare a solurilor
old water courses, the degree of soil development ircondtiile lipsei inundaiilor, dupa altitudinea si
no-flooding conditions, the altitude and the aspect ofaspectul fiegrui grind construit dex lungul albiilor
every sand bank built along the riverbeds that weresuccesiv prasite au putut fi recunoscutdiferite
successively abandoned, it was possible to recognizstadii de evoltie (de vechime) ale cursurilor vec
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different stages (age stages) in the evolution of the oldn funcaie de aceste stadii de evoli sa putut
watercoursé€s Depending on these evolution stages, itstabili ¢ deplasarea @matuiului s-a ficut de le
was established the fact that th@r@atui river moved  nord la sud, conul Tn ansamblul lui formanski-in
from the north to the south, the cone being formed oretape atat prin suprapunerea, g&irin juxtapunerei
stages both through the superposition and theunor grindurisi conuri secundare.
juxtaposition of some sand banks and secondary Cea mai veche albie se poate recybmain
The oldest riverbed can be recognized in thediregia satului Tufgti, pe sub fruntea terasei de
direction of Tufati village, under the terrace scarp Cuza Vod. Cum era normal, &@matuiul, initial, Tsi
from Cuza VodaAs it was normal, the &matui river mertinea cursul conform pantei generale
initially maintained its course northwards, in terenului, @tre nord. Dup ce si-a construit ur
accordance with the general slope. After building theprim agestru in dreptul fostului sat Schei, ci
first alluvial fan near the former Schei village, which apoi, l-a Tmpiedicat  se merina pe acelsi traseu,
subsequently hindered it from maintaining the samerdul sa deplasat (desigur Tn timpul unor viitu
path, the river advanced (during the freshet periods, o€atre potiunea imediat vecih mai joas situat
course) towards the neighbouring low area, locatedmediat mai la 8d, care 1i permitea (prin par
immediately to the south, thus being able to have nevioarte redus) noi divadiri.
divagations (due to the very small slope). Noul traseu s fixat, astfel, Tn dirata satelol
Thus, the new path was established on theStincua si Stanca (b, c), continuand opera
direction of Sincua and Stanca villages (b, c), construire si largire a conului. Depresiune
continuing the process of building and enlarging the fanprobabil, mai pronutati, de aici a impu
The probably more emphasized depression that th€almatuiului o mai Tndelungat mentinere pe aces
Calmatui river encountered here forced the river to traseu. Divagrile cursului pe noul con secundar
maintain this track for a longer period. The divagationsformare au fost ceva mai accentuate asttella
of the course on the new secondary cone that was beingest de Sincua se obse foarte clar cum curst
formed were more increased, so that westward oprincipal sa impirtit (sau a folosit) in patru s¢
Stincua it can be very clearly noticed that the maincinci brge secundare, asemenea tblar dintro
course divided into (or used) four or five secondarydelti. Important este faptulacdin agiunea lor de
branches, just like the branches in a delta. It is wortraluvionare au rezultat lobii secundari ai coni
mentioning the fact that their alluviation action principal pe care sunt fixate sateleai&iua si
generated the secondary lobes of the main cone, o8tanca.
which Stincua and Stanca villages are fixed. Ulterior, cursul Glmatuiului si-a continua
Subsequently, the course of tha&lrGatui continued  mutirile catre sud Tn direga satelor Polizgi si
to move southwards, in the direction of Pdaiizand Bertesti construind cea mai néparte a conuluia.
Bertssti villages, building the most recent part of its Partea conului din dreptul cursului actual
fan. The latest part of the cone is that bordering theCalmatuiului este cea mai nauin timpul formirii
present course of theilthatui. During its formation (at  ei (la inundaile mari) Gilmatuiul a regit sa treac
high floods), the @matui advanced even more si mai la sud, dincolo de marginile conul
towards the south, beyond the edges of the fan, andjungand &si duca apa paa in depresiunile Mihe
carried its water all the way to Mihai Bravu and Bravu si Coscovata folosind probabiki traseele
Coscovata depressions, probably also using the paths afnor brae vechi sau unele garle.
some old branches or some brooks. Printro contindk deplasare are dreapta
Through a continuous movement towards the right,Calmatuiul a ajuns ca de la un curs SV-NEvest-
the Glmatui replaced its SW-NE and west-east est & curga pe diretia nordsud, contrar pantt
course with the north-south flow direction, which is generale a luncii Dumii (Fig. 1).
contrary to the general slope of the Danube Formarea unui agestru atat de ntina gutut
Floodplain (Fig. 1). realiza numai in condile unor aluviorari excesive
Such an extended alluvial fan could only havecare au determinat odhare a terenului mai rapic
been built in the conditions of some excessivesi mai puernici decét Tdltarea produs de Durire.
sedimentations, which led to a more rapid and moreAceasta Tnseaninca pentru Glmatui, condtiile de
important rising of the terrain than the rising transportsi depunere au fost total diferite de cele
generated by the Danube. This means that for theare le are in prezent acest rAu cu un curs anem
Calmatui, the transportation and deposition conditionsmulte meandresi brate pirasite, Tn mare part
were totally different than the present-day ones, whichinmlastinite si cu o putere de transport foarte i
show a river with a weak course, with many meandershiar la debitele de pridvara.
and abandoned branches that were turned to marshes Aceste caractere sunt proprii tuturor raurilor
for the most part and with very low transportation obagia ih campiesi cel mult in dealuri, rauri c

® The completion of the research and the clearer recognition of the past features (through the deciphering of the pres
situation) was also realized through the study and the interpretation of the aerial photos).
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power even during the spring. albiile Tnmkstinite si vaile anastomozate ¢
These characteristics could be applied to all riversaluviunile Durdrii. Dar Calmatuiul, pentru &
that have their sources in the plain or in the hilly construi marele & agestru, a trebuit at
regions; their riverbeds show a marshy character anéunctioneze (cel ptin temporar) ca un rau vigurt
their valleys are anastomosed by the alluvia that theu un debit marai o vitez suficient de sporit
Danube brings. Thedlnatui had to function (at least pentru a putea transporta materialele din car
for a period) as a forceful river, with high flow and patrunderea in lunca Ddnii (unde panta seeduce
with sufficiently high speed in order to be able to simtitor iar viiturile au format un adévat bara]
transport the material used to build its great cone asezonier) a construit marelgéuscon.A fost, sgadar,
the entrance to the Danube Floodplain (where thenecesar, un aport de @mai ales in momentele «
slope decreases significantly and the freshets formed maxima turbiditate a apelor cand devenea po4i
real seasonal barrage). Thus, an important water quantity transportarea unor mari cartitde aluvuni. Un
was necessary, especially during the periods ofastfel de aport de &pnu se putea realiza decét
maximum water turbidity, when it was possible to timpul marilor viituri de prinivara cand o parte di
transport important quantities of alluvia. Such a bigapele BuZului revarsate peste campia de la sud
water contribution could only have been obtained duringorasul Buziu Tsi cautau vad de scurgereitce albia
the high spring freshets, when part of the water of theCalmatuiului.
Buzu river flooded the plain southwards of Buzity Problema trecerii apelor Baalui catre Calmatui
and searched flow paths towards tlag@Gtui riverbed. a fost in@ de mult demonstratde ctre A. Pad si
The passage of the water of the Buzowards the  G.Valsan mai alesacfenomenul, accidental, a fost
Calmatui was established by A. Paland G. Valsan a cunoscut ca activ péra inceputul secolului al XX-
long time ago, especially given the fact that thdea. Campia jodsde la periferia conului de dejge
phenomenon was known as active (though accidentallyl Buziului (creat la igirea acestuia din regiunea de
happening) until the beginning of the"™@entury. The dealuri) corespunde géi de divagare (cu caractere
low plain located at the periphery of the Buzletritus de subsidetd) in care supratele de impistiere a
cone (built at the river's exit from the hilly regio apelor la viituri sunt foarte Tntinse, iar schiinie
corresponds to the divagation stripe (with subsidencde albii, foarte frecvente. In cuprinsul ei, apele
character) on which the surfaces of water dispers@8uziului, degisindusi matca objnuita, au putut
during the freshets are much extended and the riverbédarte yor s trea@ spre Glmatui, ducand o dat
changes take place very often. On this expanse, the watar ele mari cantiti de aluviuni. Trecerile repetate
of the Buzu river surpassed the normal riverbed and wasle apelor Buaului pe albia Glmatuiului dovedesc
able to advance towards tha&li@atui, carrying with it ca actualul curs este un vechi curs al Buimi,
important quantities of alluvia. The repeated passages pfirasit intr-o epoé relativ recert si explica Tn
the Buau water on the &matui riverbed prove that the suficien masui@ condiiile si posibilititile de
present course represents an old flow path, relativeliormare a conului din Balta Darii. De asemenea,
recently abandoned by the Buz and explain araf ca schimbirile succesive de albie din cursul
sufficiently the conditions and possibilities that led to thanferior al Gilmatuiului si mai ales din paiunea sa
building of the cone located in the Danube Flood Plaime varsare au fost determinate Tn primul rand de
Meadow. Moreover, they show that the successivaportul de aluviuni din timpul repetatelor |ege
riverbed changes that took place on the lower course dintre Buzu si Calmatui.
the Gilmatui, and especially on the river mouth area,
were firstly determined by the alluvia contribution during
the repeated connections between theaBuand the
Calmatui rivers.
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IDENTIFICATION OF QUATERNARY FLUVIAL TERRACES IN HUNGARIAN SAMPLE
AREA USING STATISTICAL ANALYSIS OF GEOLOGICAL DRILLINGS
AND DIGITAL ELEVATION MODELS

IDENTIFICAREA TERASELOR FLUVIATILE CUATERNARE TN ZONA UNGARIEI
FOLOSIND ANALIZA STATISTICA A FORAJELOR GEOLOGICE S| MODELE DE

ELEVATIE DIGITALA

Titusz BUGYA!

Abstract: Identification of fluvial terraces has a great importance to create right theories of the evolution
of a given river. Recognition, identification of these terraces is a classical task of geomorphology. High-
resolution topographic maps, field experiences, probing are needed in this kind of work.

Method showing in my presentation uses other routines. This method is based on the DEM (digital
elevation model) and on the analysis of databases of geological boreholes of the sample area.

The first step was the derivation of peaks of sample area using DEM scaled 1:50,000.

The second step was the statistical analysis of dispersion of elevations of peaks within the sample area.

In the third step, I derived the thickness of the Quaternary bed and the locations of Quaternary fluvial
gravels and loess.

The fourth step was the common statistical analysis of elevation classes of peaks derived from DEM and
of the distribution of borehole's elevation data.

In the fifth step, | searched for elevation classes wherein at least two of the attributes below had a local
maximum: thickness of the Quaternary bed, occurrence of the Quaternary gravels, occurrence of the
Quaternary loess, number of peaks.

These classes, as the control examinations show on control areas, correspond to the terraces found by
classical geomorphologic methods.

The terraces from the Tokaji hills were recognized and published using the presented method.

Keywords: DEM, fluvial terraces, quaternary, statistical analysis, geological boreholes.
Cuvinte cheie: MDE (model digital de elevatie), terase fluviatile, cuaternar, analiza statistica, foraje

geologice

1. Introduction

Searching for fluvial terraces is a classical task of
geomorphology. The tools of this work also belong to
classical geomorphology. On the one hand, detailed
field experiences present a great importance,
especially when it is about searching for fluvial
sediments and fluvial gravels. At the same time, the
geomorphologic map of the area must be drawn
extremely precisely. In order to draw this map,
researchers need a detailed base map (usually a
topographic map), if possible at a scale of 1:10 000.
The geomorphologic map will be drawn by hand,
using the contour lines of the base map. There is no
doubt that this “classical” method works well, as it
was used and, thus, verified, in many papers and maps
realized in the last hundred years.

There are a few problems related to drawing this
kind of map.

- The mapping and surveying could be a very

1. Introducere

Identificarea teraselor fluviatile reprezinta un scop
clasic al geomorfologiei. Mijloacele prin care se
realizeaza aceasta cercetare apartin tot geomorfologiei
clasice. Pe de alti parte, cercetarile detaliate in teren
prezinta 0 mare importanta, mai ales atunci cand este
vorba despre identificarea sedimentelor fluviatile, n
special a pietrisurilor. De asemenea, harta
geomorfologica a regiunii trebuie trasatd cu mare
precizie. Pentru a trasa aceastd hartd, cercetatorul are
nevoie de o harta de baza detaliati (de obicei, harta
topografica), la scara de 1:10 000. Harta geomorfologica
va fi trasata manual, folosind liniile de contur ale hartii de
baza. Este cert ca aceasta metoda ,,clasica” este adecvata,
fiind folosita si astfel verificata in foarte multe lucrari si
harti realizate in ultimii o suta de ani.

Exista totusi o serie de probleme legate de
realizarea unei astfel de harti.

- Trasarea hartii poate fi 0 munca foarte obositoare
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fatiguing and very long-time work.

- Important studies have to take into account
unique levels (possible terraces), while the researchers
who analyse smaller areas usually use qualitative and
not quantitative arguments and the result could be
very subjective. The method presented below gives a
possible solution to this problem (or at least a part of
problems), as it uses spatial informatics processes and
databases of geological drillings.

The sample area for testing the presented method
was the terrace system of the Tokaj Mountains,
situated in North-east of Hungary, in the
neighbourhood of the Bodrog river. The terraces from
the eastern side of the Tokaj Mountains are poorly
known, because nobody has explored the complete
terrace-system. Only a few terraces are known, only
in a few regions. This is because of the fact that this
terrace system is much denuded; hence, the
recognition of the possible terraces is very doubtful.
While younger terraces can be identified easily, the
recognition of older ones is impossible and the
identification of the unique terraces is a complicated
problem even on field.

In order to verify the method presented in this paper,
I have analysed some other terrace systems, namely in
the Gerecse Mountains, the Visegradi Mountains and the
Pest Plain, all terraces of the Danube.

2. Methods

2.1. Base thoughts

The applied method is based on two fundamental
ideas. On the one hand, we must analyse the relief and
the distribution of elevation of peaks within the sample
area. On the other hand, we must analyse the data of all
the geological drillings from the sample area. The
essence of these fundamental ideas is as it follows.

It is sure that the terrace system of the sample area
is so denuded that it cannot be identified by
conventional geomorphologic methods. In this case,
there is a good chance of drawing the terrace levels by
the multiple occurrences of the gravel horizons, loess
horizons, peak levels, and extremely thick quaternary
horizons. If more of the above-mentioned horizons
appear in the same elevation class, the probability of
identifying a terrace level is greater.

a) If the evolution of the sample area is without
terraces, then the distribution of the elevation of the
peaks will probably be stochastic. If the surface can
be compartmentalized to different levels, it will
probably be reflected in the distribution of the
elevation of the peaks and, in this case, the
distribution should be measured.

For example, if terrace levels are (above the sea
level) 130, 150, 180, 200 m, it means that these levels
were ancient floodplains of the river. Hence, these levels
were originally flat, mildly undulate surfaces. After the
rising, the ancient floodplain became a terrace. Erosion
damaged immediately this ancient floodplain, the
present terrace, and cut deep trenches in the surface.
These trenches developed into small valleys. By the end
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si de durata.

- Realizarile de anvergura trebuie sa ia in calcul
niveluri unice (posibil terase), In timp ce cercetatorii
care studiaza areale mai restrnse se bazeaza pe
argumente calitative, nu cantitative, iar rezultatul poate
fi unul foarte subiectiv. Metoda prezentata mai jos da o
posibila solutie la aceasta problema (sau, cel putin,
partial), folosind procese informatice si bazele de date
ale forajelor geologice.

Pentru testarea acestei metode a fost ales sistemul de
terase din Muntii Tokaj, situati n partea de nord-est a
Ungariei, n apropierea raului Bodrog. Terasele de pe
latura estica a Muntilor Tokaj nu sunt foarte cunoscute,
deoarece nimeni nu a studiat sistemul de terase complet.
Se cunosc foarte putine terase, in foarte putine regiuni.
Aceasta se datoreaza faptului ca sistemul de terase este
foarte denudat, iar recunoasterea posibilelor terase este
extrem de Tndoielnica. Tn timp ce terasele mai noi pot fi
identificate destul de usor, identificarea celor mai vechi
este aproape imposibila, iar terasele unice reprezinta o
problema chiar si in teren.

Pentru a verifica metoda prezentatd in aceasta
lucrare, am analizat alte sisteme de terase, si anume,
cele din Muntii Gerecse, Muntii Visegradi si Campia
Pestei, toate acestea fiind sistemele de terase ale
fluviului Dunarea.

2. Metode

2.1. Idei de baza

Metoda aplicatdi a avut la baza doua idei
fundamentale. Pe de o parte, necesitatea analizarii
reliefului si a distributiei altitudinii varfurilor in zona
studiata. Pe de alta parte, necesitatea analizarii datelor
tuturor forajelor geologice din zona. Esenta ideii
fundamentale pe care m-am bazat este redata mai jos.

Este cert ca sistemul de terase din zona analizata
este atat de denudat ncét terasele nu pot fi identificate
prin metode geomorfologice clasice. Tn acest caz,
existd posibilitatea de a trasa acest sistem prin
folosirea orizonturilor multiple de pietrisuri, a celor de
loess, a nivelurilor altimetrice ale varfurilor, precum si
a orizonturilor cuaternare, care sunt extrem de groase.
Cu cét avem mai multe orizonturi din cele mentionate
la acelasi nivel altimetric, cu atat probabilitatea de a
avea un nivel de terasa este mai mare.

a) Dacia n zona analizatd nu ar fi existat terase,
atunci, probabil, distributia altitudinii varfurilor ar fi
fost conjuncturala. Daca suprafata poate fi
compartimentatd Tn niveluri diferite, se va reflecta
probabil in distributia altitudinala a varfurilor si, n
acest caz, distributia ar trebui masurata.

De exemplu, daca nivelurile de terase (deasupra
nivelului marii) sunt la 130, 150, 180, 200 m, aceasta
Thseamna ca aceste niveluri au fost vechi lunci ale
rului. La origine, aceste niveluri au fost suprafete
plane sau usor ondulate. Dupa ridicare, vechea lunca s-
a transformat in terasa. Eroziunea a afectat aceste foste
lunci, terasa prezentd, si a dus la aparitia unor ravene
adanci pe suprafata sa. Aceste ravene s-au transformat
in mici vii. La finalul acestui proces, terasa va fi



of this process, the terrace will be destroyed and there
will remain only peaks. So, in the present, these peaks
show the original surface of the terrace. Eventually,
these terrace levels (130, 150, 180, 200 m) now exists as
peaks at the same levels. Therefore, for example, there
will be more peaks around 130, 150, 180 and 200 m, as
in other elevations (Fig. 1.).

distrusa in intregime, ramanand numai anumite varfuri.
Astfel, nivelul acestor varfuri indica fostul nivel al
terasei. Asadar, terasele (130, 150, 180, 200 m) apar in
prezent la acelasi nivel cu cel al varfurilor. Totusi, la
fel ca in exemplu, trebuie sa existe mai multe varfuri la
altitudini de circa 130, 150, 180 si 200 m, la fel ca in
cazul altor elevatii (Fig. 1.).

Fig. 1 Evolution of a fluvial terrace. A — Fresh terrace surface; B — young but not fresh terrace with deep trenches; C —
small valleys on mature terrace surface; D — deep valleys, disjunctive surfaces and peaks on senile terrace; E — end phase
of terrace, isolated peaks shows only the level of ancient terrace /

Fig. 1 Evolutia teraselor fluviatile. A — Suprafata de terasa noua; B — Terasa recenta, dar nu noua cu santuri adanci; C —
Vai mici pe suprafata teraselor mature; D — Vai adanci, suprafete disjunctive si varfuri pe terase foarte vechi; E — Sféarsitul
fazei de terasa, varfurile izolate indica doar prezenta nivelului celor mai vechi terase.

b) Terrace levels of a terrace system can be
recognized by the extreme thickness of Quaternary
sediments. Therefore, the analysis of the geological
drilling databases can help to identify terrace
levels. As there are many geological drillings in
Hungary, this analysis should be successful. The
drillings that cross gravel or loess beds display a
great importance because both can be indicative of
a terrace. Naturally, the gravels cannot be found at
the same elevation, but the statistical analysis of the
distribution of the elevation of the gravel and loess
indicates horizons (if exists) wherever gravels or
loess appear more often than as in the other levels.
There is only one important restrictive factor,
namely we must be sure that gravels date back to
the Quaternary. If such a horizon is found, it can be
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b) Nivelurile de terase apartinand acestui
sistem pot fi recunoscute datoritd grosimi extrem de
mari a sedimentelor cuaternare. Cu toate acestea, si
baza de date a forajelor geologice poate fi folosita
pentru identificare. Deoarece Tn Ungaria exista foarte
multe foraje geologice, aceasta analiza se poate face
cu succes. Forajele care traverseaza straturile de
pietrisuri si nisipuri prezinta mare importanta
deoarece pot reprezenta un indiciu in identificarea
teraselor. Tn mod normal, pietrisurile nu se pot gasi
la aceeasi nivel, dar analiza statistica a distributiei
altitudinii la care sunt localizate pietrisurile si loessul
trebuie sa indice o serie de orizonturi (daca acestea
exista) unde acestea par mai frecvent si mai abundent
decét la celelalte niveluri. Exista numai un factor
restrictiv. important si anume, trebuie sa avem



an indicative of a terrace, but is does not surely
prove its presence. Loess is also important, on the
one hand, because it can help to correlate different
horizons and, on the other hand, there can be
terraces without gravels or any other Quaternary
fluvial sediments. In this case, the loess bed itself
may imply a terrace.

¢) The two fundamental ideas mentioned above
must be examined together. It is necessary to analyse
the correlation between the most often peak levels and
the gravel and loess horizons, these partial results
being rendered in one table. Thus, the levels where
two or more maximum occur together, could be
recognized.

2.2. The detailed applied methods

In order to analyse the geological drillings, the data set
must contain at least: location of the drilling; elevation of
the drilling above sea level; depth of the drilling;
thickness of the Quaternary bed; are the Quaternary
sediments represented by gravel and/or loess?

In Hungary, the volumes of the “Databases of the
Geological Drillings in Hungary” contain these data
(published by MAFI, Hungarian State Institute of
Geology). | used only the drillings which crossed the
complete Quaternary deposits. The steps of the study
are rendered below.

- Classification of the drillings by elevation. We
have to create equal elevation classes (for example, by
10 meters) and each drilling has to be included in the
adequate class.

- Elevation class by altitude class:

- we must calculate the average of the thickness of the
Quaternary beds;

- we must summarize the number of drillings with gravel;
- we must summarize the number of drillings with loess.

- From the digital elevation model of the sample
area, we must derivate the number of peaks by
elevation classes.

- We have to determine the elevation classes
where there is a local maximum of: thickness of
Quaternary sediments; number of peaks; ratio of
drillings with gravels; ratio of drillings with loess.

- The results of the analysis must be included in
one table. On the first column of the table we write the
elevation class, while in the next 4 columns, the
attributes mentioned above.

- All elevation classes take as many units as many
local maximum it has. In the last column, there can be
noticed the sum of units. As the verification within the
controlled area shows, the distribution of the values of
these sums can be well correlated with the terrace levels.

For the spatial analysis | used the GRASS 6.3
spatial informatics program system and Linux
operating system. The r.param.scale (written by J.
Wood) is a part of the GRASS. R.param.scale is able
to assort the main geomorphologic parameters of a
surface: planar, pit, channel, pass, ridge, peaks. After
running r.param.scale, we must reclassify the results
and select the peaks.
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certitudinea ca aceste pietrisuri sunt cuaternare. Daca
se identifica un astfel de orizont, acesta poate fi
considerat un indicator al unei terase, dar nu
dovedeste cu certitudine prezenta sa. Loessul este si
el important pentru ca ne poate ajuta sia corelam
diferite orizonturi, iar pe de alta parte, pot sa existe
terase fara pietrisuri sau alte sedimente fluviatile
cuaternare. Tn acest caz, stratul de loess poate indica
prezenta unei terase.

c) Cele doua idei fundamentale prezentate trebuie
examinate Timpreuna. Trebuie facuta o analiza pe baza
corelatiei dintre cele mai frecvente niveluri altimetrice
ale varfurilor si orizonturile cu pietrisuri si loess,
rezultatele partiale fiind trecute intr-un singur tabel.
Astfel, pot fi identificate nivelurile de terase unde se
produc doua sau mai multe maxime.

2.2. Metodele aplicate prezentate detaliat

Pentru a analiza forajele geologice, baza de date
trebuie sa contind cel putin urmatoarele date:
localizarea forajului; altitudinea deasupra nivelului
marii la care acesta s-a efectuat; adancimea forajului;
grosimea stratului cuaternar; daca sedimentele
cuaternare sunt reprezentate de pietris si/sau loess?

In Ungaria, volumele ,,Baze de date ale forajelor
geologice din Ungaria” contin aceste date (publicate
de MAFI, Institutul de Stat Ungar de Geologie). Am
folosit numai acele foraje care traversau complet
depozitele cuaternare. Etapele de lucru sunt redate mai
jos.

- Clasificarea forajelor in functie de altitudine.
Trebuie create clase de egala altitudine (de exemplu,
din 10 in 10 m) si fiecare foraj trebuie inclus in clasa
adecvata.

- Clasa de altitudine in functie de Tnaltime:

- trebuie facuta media grosimii stratelor cuaternare;
- trebuie facuta suma numarului de foraje cu pietris;
- trebuie facuta suma numarului de foraje cu loess.

- Cu ajutorul modelului de elevatie digitala a zonei
analizate trebuie sa rezulte numarul de varfuri pe clase
de altitudine.

- Trebuie determinate clasele de altitudine unde se
inregistreaza un maxim de: grosime a sedimentelor
cuaternare; numar de varfuri; raport al forajelor cu
pietrisuri; raport al forajelor cu loess.

- Rezultatele analizei trebuie incluse intr-un tabel.
Tn prima coloani se trece clasa de altitudine, iar in
urmatoarele 4 atributele mentionate anterior.

- Toate clasele de altitudine au tot atatea unitati
cate puncte locale de maxim se inregistreaza. In ultima
coloana se poate observa suma unitatilor. Asa cum
indica verificarea facuta, distributia valorilor acestei
sume poate fi corelata cu nivelurile de terase.

Pentru analiza spatiala am folosit programul
GRASS 6.3 si sistemul de operare. Scara parametrului
r. (scrisa de J. Wood) este parte a programului
GRASS. Aceasta poate corela principalii parametrii
geomorfologici ai unei suprafete: plana, deschidere,
canal, trecatoare, culme, varf. Dupa rularea
programului, este necesara o reclasificare a rezultatelor



It is very important to understand that these peaks
may not look like “peaks” in the area. These peaks do
not have equal altitudes with the peaks from the
classical topographic maps. These “peaks” are points,
where from the surface inclines to all directions. So,
most of them are not part of any level. These peaks
simply evolved stochastically due to general erosion.
Therefore, it is possible to separate the peaks, which
belong to a level, according to their extreme
frequency in several elevation classes. These peaks
may be residuals of an ancient surface, maybe of an
ancient floodplain.

2.3. Scale

How to choose the scale? Naturally, the greater is
the better, but the computing capacity is not endless.
As my experience shows, a scale of 1:50,000 is
enough for examining large units, like extended
terrace systems. For smaller units, like small terraces
or isolated mountains and hills, it is required a scale
of 1:10,000. The problem is not the horizontal
resolution, but the vertical resolution. On a map
scaled at 1:10,000, the vertical distance is of 2.5 m
between the contour lines. On a map scaled at
1:50,000, this distance is of 10 m. It seems to be too
difficult to use a digital elevation model derived from
a map at a scale of 1:50,000.

In order to draw geomorphologic maps, we use
topographical maps at a scale of 1:10 000 and,
sometimes, it is not detailed enough. But, in
common geomorphologic mapping, we chart
relatively small areas, just a few sq km wide,
maximum a few tens of sq km. The
geomorphologic mapping of an area of several
hundred sq km would be a very large work if we
use a scale of 1:10,000. The utilization of the
method presented in this paper it is not necessary.
As we need the distribution of the elevation of the
peaks, a DEM based on a 1:50,000 topographic map
will be detailed enough, because within a terrace
region of several hundred sq km there can certainly
be identified sufficient peaks for the statistical
analysis. By using DEM at a scale of 1:50,000, the
work and time necessary for digitizing a
topographic map are seriously reduced.

3. Geomorphologic levels on the eastern side of
the Tokaj Mountains

By using the present method, | successfully
detected the geomorphologic levels on the eastern
side of the Tokaj Mountains. These levels are well
correlated with the known levels of terraces of the
Danube, of the Sajo and the Bodrog rivers. Within the
analysed area, |1 examined only the surfaces below
360 m. The level of 360 m is the “incision level”
starting from which the Pleistocene valleys began
their erosion (Pinczés Z. 1998.)

Results can be found in Table 1, 2, 3, and Figure 2.
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si selectarea varfurilor.

Este foarte important sa intelegem ca aceste varfuri
nu au aspect de varf in cadrul acestor terase. Ele nu au
aceleasi altitudini ca varfurile clasice de pe hartile
topografice. Aceste ,varfuri” sunt de fapt puncte de
unde suprafata inclina in toate directiile. Astfel, cea
mai mare parte a varfurilor nu apartin unui anumit
nivel. Ele au evoluat conjunctural sub actiunea
eroziunii. Totusi, este posibil sa separam varfurile
conform nivelului de care apartin n functie de
frecventa pe clase de altitudine. Acestea pot fi resturi
ale unei suprafete vechi precum o fosta lunca.

2.3. Scara

Cum trebuie aleasa scara? In mod normal, cu cat
este mai mare cu atdt mai bine, Tnsa capacitatea de
clacul nu este nelimitata. Asa cum am constatat din
propria experienta, scara de 1:50 000 scale este
suficienta pentru examinarea unei unitati de mari
dimensiuni, precum sistemele de terase. Pentru unitati
mai mici, precum terasele mici sau un masiv sau un
deal izolat, este necesara o scara de 1:10 000 scale.
Problema nu este legatd de rezolutia orizontala, ci de
cea verticala. Pe o hartd la scara 1:10 000, distanta
verticala este de 2,5 m intre liniile de contur. Pe o
harta la scara 1:50 000, aceasta distanta este de 10 m.
Pare mult prea dificil de utilizat un model de elevatie
digitala derivat dintr-o harta la scara 1:50 000.

Pentru trasarea hartilor geomorfologice folosim
harti topografice la scara 1:10 000 si, uneori, este
suficient de detaliata. Tn general, c&nd se face o astfel
de harta geomorfologica, aceasta este pentru o
suprafata redusi de numai cativa km? maxim de
cateva zeci de km?. Cartarea unei zone de peste 100
km? este o lucrare de mare anverguri daci se folosesc
harti la scara 1:10 000. Utilizarea metodei prezentata
in aceasta lucrare nu este necesara. Deoarece noi
aveam nevoie de distributia altitudinii varfurilor, un
DEM bazat pe harta topografica la scara 1:50 000 va
fi destul de detaliat, deoarece intr-o regiune cu terase
de cateva sute de km? pot fi identificate suficiente
varfuri pentru efectuarea analizei statistice. Prin
folosirea DEM 1:50 000 se reduce semnificativ
munca si timpul necesar pentru digitizarea unei harti
topografice.

3.Niveluri geomorfologice pe latura estica a
Muntilor Tokaj

Folosind aceastda metoda am identificat cu succes
nivelurile geomorfologice de pe latura estici a
Muntilor Tokaj. Aceste niveluri se coreleaza foarte
bine cu nivelurile de terase cunoscute ale fluviului
Dunarea si ale raurilor Saj6 si Bodrog. In zona
studiata, am analizat numai suprafetele cu altitudini
sub 360 m. Nivelul de 360 m este ,,nivelul de incizie”
de unde vaile pleistocene isi incep actiunea eroziva
(Pinczés Z. 1998.)

Rezultatele apar in Tabelele 1., 2., 3. si Figura 2.



Table 1/ Tabelul 1

Comparison of the levels found on the eastern side of the Tokaj Mountains, measured from the sea level and from
the average level of the Bodrog river /

Compararea nivelurilor de pe latura esticd a Muntilor Tokaj, masurate de la nivelul marii si de la nivelul mediu al
raului Bodrog

Elevation above the sea level / Elevation abowe the river Bodrog /
Altitudinea deasupra nivelului marii Altitudinea deasupra raului Bodrog
135+5m 405 m
15545 m 60£5 m
165+5 m 7045 m*
1755 m 80£5m
2055 m 110+5m
275¥5m 180+5m
335+5m 240£5m

Table 2 / Tabelul 2

Coincidences of examined attributes on the eastern side of the Tokaj Mountains /

Coincidente ale atributelor examinate pe latura estica a Muntilor Tokaj

Elevation classes (above the sea level) /

Clase de altitudine (deasupra nivelului marii) A

B

C

D

m

90-99

1

100-109

110-119

120-129

130-139 1

140-149

150-159

160-169 1

170-179

180-189

190-199

200-209 1

210-219

220-229

230-239

240-249

250-259

260-269 1

270-279

280-289

290-299

300-309

310-319

320-329

330-339 1

340-349

350-359

o|lo|N|O|lO|O|Oo|Oo|lW|FR,|O|FR,|O|FR,|lOoIN]|O|lOINININ|IPlW|O|IFL,]|O]|F

A -1, if the local maximum is the number of peaks / daca maximul local este al numarului de varfuri;

B -1, if the local maximum is the number of drillings with gravels/daca maximul local este al numarului de foraje cu pietris;
C -1, if the local maximum is the number of drillings with loess / daca maximul local este al numarului de foraje cu loess;

D - 1, if the Quaternary sediments are extremely thick / daca sedimentele cuaternare sunt extrem de groase.

E - A+B+C+D
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Table 3/ Tabelul 3
Comparison between the levels from the eastern side of the Tokaj Mountains and other terrace systems in the
Carpathian basin / Comparatie intre nivelurile de pe latura estica a Muntilor Tokaj si alte sisteme de terase din
bazinul carpatic /
Terraces at the same elevation as on the eastern side of the Tokaj Mountains, emphasized by grey background.
Number means meters above the given river / Terase la aceeasi altitudine ca cele de pe latura estica a Muntilor
Tokaj evidentiate de fundalul gri. Numarul semnifica metrii deasupra raului prezentat

A B C D E F
3-6 5-6 5-8 4-6 3-4
10-20 10-14 14 11-12 15-20
14-24 35-40 25 28-30
(doubtful / indoielnic)
40-50 40-45 50 40-44 40
60-80 59-65 60 60
(doubtful / indoielnic)
70
80-83 75-80 85 80
90-110 90-120 110
(doubtful / indoielnic)
140-170 150
170-210 180
240

A — The Dunube terraces in the Gerecse Mountains / Terasele Dunarii in Muntii Gerecse (PEcsI M. 1959); B — Terraces of the upper
Tisza at Raho / Terasele Tisei superioare la Rah6 (KEz A. 1940.); C— Terraces of the upper Tisza at Huszt / / Terasele Tisei superioare la
Huszt (BuLLA B. 1940.); D- Terraces of Zemlén terrace region / Terase din regiunea de terase Zemlén (BARANY I. 1932); E— Terraces of
the upper Hernad / Terasele de pe cursul superior al raului Hernad (LANG S. 1936); F— Levels of the eastern side of the Tokaj Mountains,
presented in this paper. Levels below 40 m identified by classical methods, the others identified by the presented method / Nivelurile de
pe latura esticd a Muntilor Tokaj prezentate in aceasta lucrare. Nivelurile de sub 40 m identificate prin metode clasice, celelalte prin
metode moderne

Y044 Yi-uy

1o-100 [ ] 100104 Figure 2/ Figura 2.

O-114 - 110114 Comparison between the terraces of the
120125 120-125  Danube in the Gerecse Mountains identified by
130139 130-132  classical geomorphologic methods (Pécsi, M.)
140-149 | L40—-14w  and levels identified by methods presented in
150159 150159  actual paper / o
160169 [ LG0— 16 Comparatie Tnt_re tgrasele Dunirii din
170179 170-172  Muntii  Gerecse, identificate prin metode
1801—189 - [ ] 1&0- 183 geomorfologice clasice si nivelurile identificate
190189 o9 19@  prin metodele prezentate in lucrarea de fata
J0- 2 200 2053

210-219 [ | 2INn-21%  Red: The terraces of the Danube in the
2120229 220-22%  Gerecse Mountains found through my
230-239 230-238  method /

:‘:E;‘f‘*i f“;;‘f‘;'f' Rosu Terasele Dunarii n Muntii Gerecse
i 250 ;‘: identificate cu ajutorul metodei mel_e

Y 10-779 ™ 57007 Blue: The terraces of the Danube in Gerecse
290-289 28028 Mountains found through the classical method
200-299 aan_ngg  (Pécsi ML) /

I00—300 [ ] juo-3pe  Albastru Terasele Dunarii in Muntii Gerecse
30-319 j10-31%  identificate cu ajutorul metodelor clasice
30319 . A20-329

330339 AR0-234

340344 RN R

330-359 A50-35G
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We should ignore the variant A+C: many peaks +
many loess (the numbers marked by a star in Table 1).
In this case, the level of 160-169 m ‘disappears” and
the level of 170-179 m comes immediately after the
level of 150-159 m. It overlaps well with other
terrace systems showed in Table 2.

As Table 2 shows, there are more occurrences
between the geomorphologic levels from the eastern
side of the Tokaj Hills and the other presented terrace
systems, although these “other terrace systems” were
identified by conventional geomorphologic methods
many decades ago.

The occurrence of the two most down terraces
needs no explanation. These are the younger levels
and, therefore, poorly eroded and, these levels can be
found along all rivers from the Carpathian-Basin.
Identifying upper levels is not so easy.

Table 1 shows the elevation classes, where the
examined attributes have at least one maximum. In
Table 2, there can be noticed the elevation classes
where two or more maximums have an incident.

Ar trebui sa ignoram varianta A+C: multe
varfuri+mult loess (in Tabelul 1, cifrele marcate cu
steluta). Tn acest caz, nivelul de 160-169 m ndispare”,
iar dupa nivelul de 150-159 m urmeaza cel de 170-
179 m. Acesta se coreleaza bine cu celelalte sisteme de
terase prezentate Tn Tabelul 2.

Asa cum se poate observa din Tabelul 2, existd mai
multe similitudini ntre nivelurile geomorfologice de
pe latura estica a Dealurilor Tokaj si alte sisteme de
terase actuale, desi aceste ,alte sisteme de terase” au
fost identificate cu mult timp Tn urma, cu ajutorul unor
metode geomorfologice conventionale.

Prezenta primelor doua terase de jos nu necesita
nicio explicatie. Acestea sunt niveluri mai recente si,
astfel, slab erodate si pot fi regasite de-a lungul tuturor
raurilor din Bazinul Carpatic. Tn schimb, identificarea
nivelurilor superioare nu este la fel de usoara.

Tabelul 1 arata clasele de altitudine unde atributele
cercetate prezinta cel putin un maxim. Tn Tabelul 2, se
pot observa clasele de altitudine unde doua sau mai
multe maxime au un incident.
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AN HYPOTHESIS REGARDING THE GENESIS OF CERTAIN SALSODISOLS
WITHIN SEBIS DEPRESSION

O IPOTEZA PRIVIND GENEZA UNOR SALSODISOLURI
IN DEPRESIUNEA SEBISULUI

Constantin GRIGORAS!

Abstract: The climatic conditions from Sebis Depression make this territory belong to the deciduous
forest, which from the pedological point of view corresponds to the area characteristic to Luvisols. The
tectonic-genetic features of the region induced by the presence of the Neogene eruptive, respectively of
Husumal Fill and of the fault lines located at its contact with the meadow terrace of the Teuz, favour the
ascension of the mineralized water from the aquifer. It determines a rich content of salts of the phreatic
water and the development of certain processes of salinization and sodization of the soil. Consequently,
the initial Luvisols transformed into highly salinized Solonetzs.

Key words: salinization, Solonetz, Luvisol, Zarand Depression
Cuvinte cheie: salinizare, solonet, luvosol, Depresiunea Zarandului

Introduction

The pedological research made for drawing up the
soil map of Romania at a scale of 1:200,000, Arad
sheet, led to the identification of some small areas
covered by Salsodisols within Sebis Depression. These
soils usually appear within the drier regions of the
country, covered by steppe or forest steppe vegetation,
while within the Sebis Depression the deciduous forest
predominates.

The physical-chemical analysis of some soil
profiles from the area in question emphasized a series
of features specific to Solonetzs and Solonchaks. They
also display features characteristic to Luvisols, which
represent the zonal soil of the region the Sebis
Depression is located in.

I. Munteanu & collaborators (1974) have noticed
some of the morphological and physical/chemical
features of these soils; the respective paper drew
attention upon the formation of the so-called acid salts
and upon the fact that the soil cover of Sebis
Depression is a pedogeographical anomaly.

Natural conditions

The profiles, which make the object of the present
study, are located within Sebis Depression in the
proximity of Saliste settlement. This settlement was
initially named Sac, which means salt land in
Hungarian. Thus, the popular terminology correctly
renders the concrete situation of the place.

Sebis Depression, which is the western part of
Zarand Depression (Fig. 1), is located between Teuz
Hills and Cigheru Hills. It is crossed by the Crisul Alb

Introducere

Cu ocazia cercetarilor pedologice, efectuate pentru
realizarea hartii de soluri a Romaniei la scara 1:200000,
foaia Arad, Tn Depresiunea Sebisului s-au identificat
cateva mici areale ocupate cu salsodisoluri. Aria
obisnuita de aparitie a acestor soluri este in regiunile
ceva mai uscate ale tarii, respectiv in cele de stepa sau
silvostepa, pe céand teritoriul Depresiunii Sebisului se
gaseste Tn interiorul zonei padurii de foioase.

Analizele fizico-chimice ale céatorva profile de
soluri din acest teritoriu au evidentiat o serie de
nsusiri specifice soloneturilor si solonceacurilor. Ele
prezinta Tnsa si trasaturi Tntalnite la luvosoluri, acestea
reprezentand, de altfel, solul zonal al regiunii in care
se gaseste Depresiunea Sebisului.

Unele din caracteristicile morfologice si fizico-
chimice ale acestor soluri au fost semnalate de I.
Munteanu si colaboratorii (1974), in lucrarea respectiva
atragandu-se atentia asupra formarii asa numitelor
saraturi acide si ca invelisul de soluri din Depresiunea
Sebisului reprezinta o anomalie pedogeografica.

Conditiile naturale

Profilele, ce reprezinta obiectul studiului de fata,
sunt situate in Depresiunea Sebisului, in apropiere de
localitatea Saliste. Aceasta localitate se numea initial
Séc, ceea ce In limba maghiard ar Thsemna saratura.
Astfel, terminologia populara reda Tn mod corect
situatia concreta a locului.

Depresiunea Sebisului, ce reprezinta partea de vest
a Depresiunii Zarandului (fig. 1), se gaseste situata
intre Dealurile Teuzului si Dealurile Cigherului. Ea
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and the Teuz rivers, the latter a tributary of the
Crisului Negru.

este drenata de raurile Crisul Alb si Teuz, acesta din
urma fiind un afluent al Crisului Negru.

Fig. 1. The position of Saliste village
within Zarand Depression / Pozitia
satului Saliste Tn Depresiunea Zarandului

The relief of the area we are interested in is
represented by the slopes of Husumal Hill and by a
meadow terrace made up of alluvial deposits and
colluviums with fine texture, which transform into
gravels towards the depth of 2 m.

The climatic conditions of the region are characteristic
to the deciduous forest; the mean precipitation amount is
of about 750 mm (748 mm at Sebis). The mean annual
temperature is of about 10°C (10.3°C at Beius
meteorological ~ station),  while  the  potential
evapotranspiration reaches an annual value of 674 mm at
Beius. Thus, it results that the depression located on the
western side of the Apuseni Mountains have a humid
climate, as the precipitation amount is about 700 mm
higher than the potential evapotranspiration.

With regard to the geology and tectonics of the
region, M. Pauca (1959) showed that beneath Zarand
Depression the fundament is folded and tectonized and
covered by Neogene deposits. Along the fault lines,
which limit the depression from Codru-Moma and
Highis-Drocea massifs, there appear volcanic
phenomena marked by the presence of the andesites,
andesite agglomerates and of ash, in Mocrea, Galatau,
Husumal, Dealul Mare and others.

The hydrogeological conditions of the area are more
complex. As I. Munteanu & collaborators showed
(1974), the aquifer is located at a depth smaller than 2 m,
but the presence of certain springs or other marshy area
indicates a rush of mineralized water from the depth.
They go up on the fault lines that limit Husumal Hill
from the common alluvial plain of the Teuz and of the
Crisul Alb (Fig. 2), enriching the phreatic water, as well
as the soils formed on the Teuz terrace in salts.

The chemical composition of the phreatic water from
the two-soil profiles show that they are moderately to
highly mineralized (2,057 — 2,666 mg per liter). The
dominant salt is sodium sulphate, then the sodium
chloride, sodium bicarbonate and others (Table no. 1).
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Relieful teritoriului care ne intereseaza este
reprezentat de versantii Dealului Husumal si o terasa
de lunca alcatuita din depozite aluvio-coluviale cu
textura fina, ce trec spre 2 m adancime n pietrisuri.

Conditiile climatice ale regiunii aratd ca ne gasim
in zona padurii de foioase, cu precipitatii medii anuale
de cca. 750 mm (748 mm la Sebis). Temperatura
medie anuala este in jur de 10°C (10,3°C la statia
meteorologica Beius), iar evapotranspiratia potentiala
se ridica la o valoare anuala de 674 mm la Beius. Din
aceste date climatice reiese ca in depresiunile de pe
rama vestica a Muntilor Apuseni existda un climat
umed, dat de un excedent de precipitatii fatd de
evapotranspiratia potentiala de cca. 700 mm.

Tn ceea ce priveste geologia si tectonica regiunii,
M. Pauca (1959) a aratat ca in Depresiunea Zarandului
exista un fundament cutat si tectonizat, acoperit cu
depozite neogene. Pe liniile de falie, ce delimiteaza
depresiunea de masivele muntoase Codru-Moma si
Highis-Drocea, apar fenomene vulcanice, marcate de
prezenta andezitelor, aglomeratelor andezitice si a
cenusilor, Tn Dealul Mocrea, Dealul Galatau, Dealul
Husumal, Dealul Mare si altele.

Conditiile hidrogeologice ale teritoriului sunt ceva
mai complexe. Asa cum arata I. Munteanu si
colaboratorii (1974), stratul acvifer freatic se gaseste la
adancimi mai mici de 2 m, dar prezenta unor izvoare,
bolborosi sau areale Tnmlastinite indica un aflux de ape
mineralizate de adancime. Ele urca pe liniile de falie,
ce delimiteaza Dealul Husumal de lunca comuna a
Teuzului si Crisului Alb (fig. 2), imbogatind in saruri
apele freatice, dar si solurile ce s-au format pe terasa
Teuzului.

Compozitia chimicd a apei freatice din cele doua
profile de sol arata ca ele sunt moderat pana la puternic
mineralizate (2.057-2.666 mg/l). Sarea dominanta este
sulfatul de sodiu, la care se adauga clorura de sodiu,
bicarbonatul de sodiu si altele (Tabelul nr. 1).
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Fig. 2. Complex transverse-profile in the proximity of Saliste village / Profil transversal complex, in dreptul satului
Siliste (Partly after / Tn parte, dupa I. Munteanu si colaboratorii, 1974, D. Istocescu, 1971)

1. Andesitic agglomerates; 2. Deposits of Pleistocene gravel, sand and clay; 3. Colluviums; 4. Alluvial deposits and
colluviums with gravel to the base; 5. Alternations of Pleistocene clays, marls, sands, and gravels; 6. Pedological profiles;
7. The probable direction of ascension ground water circulation; 8. Fault lines. Soil symbols: LS,EC - Lithosols and
Eutricambisols; ASgc — Gley Alluviosols; LVti, LVab — Typical Luvisols and Albic Luvisols; LVst — Stagnic Luvisols;
LVgc ac sc - Gleyic-sodic-salic Luvisols; SNsa ab gc — Salic-albic-Gelyic Solonetzs; SNsd sc gc — Sodic-Gelyic-Salic

Solonetzs

1. Aglomerate andezitice; 2. Depozite de pietrisuri, nisipuri si argile pleistocene; 3. Depozite coluviale; 4. Depozite
aluvio-coluviale cu pietrisuri in baza; 5. Alternante de argile, marne, nisipuri si pietrisuri pleistocene; 6. Profile pedologice;
7. Directiile probabile de circulatie a apelor subterane ascensionale; 8. Linii de falie. Simbolurile solurilor: LS,EC —
litosoluri si eutricambosoluri; ASgc — Aluviosoluri gleice; LVti, LVab — luvosoluri tipice si luvosoluri albice; LVst —
luvosoluri stagnice; LVgc ac sc - Luvosoluri gleice-sodice-salinice; SNsa ab gc — soloneturi salice-albice-gleice; SNsd sc

gc — soloneturi solodice-gleice-salinice

Table no. 1/ Tabelul nr. 1

The chemical composition of the groundwater from the two soil profiles from Saliste /
Compozitia chimica a apei freatice din doua profile de sol de la Saliste
Analyst / Analist: Maria Constantinescu,

Profile no./ (Water depth /| pH | Total salts/ - - — " " bt
: . . +
Nr. profil Ad. apei Total saruri | €03 cl S04 Ca Mg Na™+K
cm mg / me /I
2 170 7.4 2057 /56.8 659/10.8 69/1.9 751/15.7 | 50/2.5 |79/6.5 449/194
3 120 7.4 2666 / 76.0 598 /9.8 132/3.7 1096/245( 70/3.5 |30/2.5 740/32.0

Analytic data after / Date analitice dupa I. Munteanu, C. Grigoras, 1974

I. Munteanu & collab. (1974) underline that the
origin of the salts from the groundwater and the soils
within the Crisul Alb basin is to be found in the
Neogene eruptive rocks and from the rush of deep
mineralized water. At the same time, the presence of
the sodium bicarbonate (NaHCO3) in the groundwater
determines a high alkalinity of the water and
Salsodidols in the region, while the salts from the
above-mentioned sources explain the presence of these
soils within the wet area.

The physical-chemical features and the genesis
of the Salsodisols

Generally, the Salsodisols from Sebis Depression
display similar physical-chemical features to other
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I. Munteanu si colab. (1974) subliniaza ca originea
sarurilor in apele freatice si solurile din bazinul
Crisului Alb o reprezinta rocile eruptivului neogen si
afluxul de ape mineralizate de adancime. Tn acelasi
timp, prezenta bicarbonatului de sodiu (NaHCO;) n
apele freatice determina alcalinitatea ridicata a
acestora, ca si a salsodisolurilor din aceasta regiune,
iar aportul de saruri din sursele mentionate explica
prezenta acestor soluri in interiorul zonei umede.

Tnsusirile fizico-chimice si geneza
salsodisolurilor
In  general, salsodisolurile din Depresiunea

Sebisului au Tnsusiri fizico-chimice similare cu a altor
astfel de soluri, ceea ce a determinat, de altfel,



such soils, which determined their inclusion in this  incadrarea lor in aceasti clasi de soluri. Tn vederea
class of soils. In order to physically-chemically  caracterizarii lor fizico-chimice, redam datele analitice
characterize them, we render the analytic data of two  a doua profile de sol (tabelele 2 si 3).
soil profiles (Tables 2 and 3).
Table no. 2a
The physical-chemical features of a Solodic-Salinic-Gleyic Solonetz formed on alluvial deposits. Profile no. 2
located in Zarand Hills, Sebis Depression, South of Siliste village /
Tnsusirile fizico-chimice ale unui solonet solodic-salinic-gleic, format pe depozite aluviale. Profil nr. 2, situat in
Dealurile Zarandului, Depresiunea Sebisului, la sud de satul Sdliste
Analysts / Analisti: P. Vasilescu, Maria Constantinescu, T. Gogoasda, Maria Dobrescu

Horizon/Orizont UM Ao Ea; Ea, EB Bt; Bt,g [Bt:Go | CnGo CnGo CkGo CkGr
sa SC sSC ac sc na sc na sc ac sc ac sc ac

Horizon depth/Adancimeal cm | o, | 19 | 919 | 1932 | 3248 | 48-70 | 70-87 | 87-110 | 110-145 | 145-177 | 177-200
orizontului
s%nt:gle depth/Adancimeal . | o1 | 1.9 | 10-19 | 20-31 | 34-45 | 50-65 | 72-84 | 90-105 | 120-135 | 160-175 | 180-200
Clay/Argila %9/g | 147 | 155| 153 | 233 | 365 | 447 | 391 36.8 325 37.2 32.9
Dust/Praf %g/g | 306 | 36.1| 368 29.4 26.6 23.7 24.8 25.0 25.3 20.7 21.8
Fine sand/Nisip fin %0lg | 450 | 376| 369 | 361 | 304 | 252 | 275 26.8 29.0 24.7 28.4
Coarse sand/Nisip grosier | %g/g | 97 | 108 | 11.0 | 11.2 6.5 6.4 8.6 1.4 13.2 17.4 16.9
Physical clay/Argila fizica | %g/g | 296 | 333 | 349 | 379 | 499 | 569 | 529 51.0 49.1 48.5 45.6
Humus/Humus % 6.98 | 5.16 | 2.90 1.52 1.22 0.50
Total N/N total % 0.327 | 0.255 0.065
C:N 12.41 [11.76 13.60
P,Os % | 0.103 [0.088 0.061
CaCO, % 0 0 0 0 0 0 0 0 0 1.26 2.09
pH in water/pH n apa 406 | 432| 432 | 424 | 540 | 686 | 7.04 7.28 8.06 8.30 8.30
T me/100 o 21.32 |14.31| 12.44 | 17.20 | 2650 | 31.30 | 36.20
Ca™ sch. %T | 1040 | 3.14 | 4.43 5.35 793 | 12.94 | 33.40 33.57

- - 95.26
Mg™ sch. %T | 18.78 |25.72| 27.97 | 4459 | 56.67 | 62.05 | 50.56 56.59
K* sch. %T | 070 | 0.70 | 0.33 | 0.52 053 048 | 041 0.58 0.62
Na* sch. %T | 544 | 1.40 | 253 6.05 | 15.92 | 17.79 | 10.99 9.26 412
H" sch. %T | 64.68 |69.04| 64.72 | 43.49 | 18.95 | 6.74 | 4.64 0 0
Va3 %T | 3532 (30.96| 3528 | 56.51 | 81.05 | 93.26 | 95.36 100 100

Soluble salts (watery extract 1 : 5)/Saruri solubile (extras apos 1 : 5)
Total mg/100d 2,691 | 775 | 361 465 639 752 689 551 127 125 131
;‘;gﬁgﬁ‘*d total/Total o0 2147 | 673 | 327 | 329 | s57 | 601 | 628 | 231 85 64 131
Total me/100 ¢ 81.18 [22.58| 9.70 | 13.04 | 18.14 | 19.78 | 19.48 | 15.18 352 3.50 354
HCO3 me/100¢] 025 [ 020 020 | 020 | 020 | 025 | 0.25 0.25 0.29 0.15 0.74
Cl- me/100¢| 2.84 [ 141| 068 | 079 | 068 | 048 | 0.87 0.53 0.45 0.58 0.53
SO, me/100 o] 3749 | 9.68| 397 | 553 | 819 | 916 | 862 6.81 1.02 1.02 0.50
ca™* me/100¢] 425 [ 095| 045 | 120 | 0.80 | 0.70 | 0.70 2.60 0.60 0.60 0.45
Mg* me/100¢] 15.05 [ 247 | 090 | 082 | 164 | 197 | 156 0.49 0.08 0.33 0.08
K* me/100¢] 0.08 | 0.05| 0.02 | 002 | 0.02 0.02 0.02
Na* me/100¢| 21.22 | 7.82| 348 | 448 | 661 | 722 | 7.48 4.48 1.06 0.82 1.24
CaSO, mg/100d 544 | 102 | 34 136 82 61 61 320 42 61
Analytic data after / Date analitice dupa |. Munteanu, C. Grigorag, 1974
Table no. 2b

The probable saline composition of the profile no. 2 from Sebis Depression, Siliste /

Compozitia salini probabila a profilului nr. 2, din Depresiunea Sebisului, de la Siliste

Horizon/Orizont MU Ao | Ea; | Ea EB Bt Bt,g | Bt:Go| CnGo CnGo CkGo CkGr
sa SC SC ac sc na sc na sc ac sc ac sc ac

(';'r‘i’zr:fnotﬂlui depth/Adancimeal .\ 0-1 | 1-9 | 9-19 | 19-32 | 32-48 | 48-70 | 70-87 | 87-110 | 110-145 | 145-177 | 177-200
Fs)fégg:e depth/Adancimeal . 0-1 | 1-9 | 10-19 | 20-31 | 34-45 | 50-65 | 72-84 | 90-105 | 120-135 | 160-175 | 180-200
Ca(HCO5), me/100g | 050 | 0.40 | 040 | 0.40 | 0.40 | 050 | 050 | 0.50 058 0.30 0.90
Mg(HCO;), me/100 g 0.16
KHCO; me/100 g 0.42
Caso, me/100g | 8.00 | 150 | 0.50 | 2.00 | 1.20 | 0.90 | 0.90 | 4.70 0.62 0.90
MgSO, me/100g | 30.10 | 4.94| 1.80 | 164 | 3.28 | 3.94 | 312 | 098 0.16 0.66
K50, me/100g | 0.16 | 0.10| 0.04 | 0.04 | 0.04 0.04 0.04
Na,S0, me/100 g | 36.76 |12.82] 5.60 | 7.38 | 11.86 | 13.48 | 13.22 | 7.90 122 0.48 1.00
NaCl me/100g | 5.66 | 2.82| 1.36 | 158 | 1.36 | 0.96 | 1.74 | 1.06 0.90 116 1.06

53



Table no. 3a

The physical-chemical features of a Salic-Albic-Gleyic, Suphato-Natric Solonetz formed on alluvial deposits.
Profile no. 3 located in Zarand Hills, Sebis Depression, South of Saliste village /
Tnsusirile fizico-chimice ale unui solonet salic-albic-gleic, sulfato-natric, format pe depozite aluviale.
Profil nr. 3, situat in Dealurile Zarandului, Depresiunea Sebisului, la sud de satul Saliste.
Analysts / Analisti: P. Vasilescu, Maria Constantinescu, T. Gogoasa, Maria Dobrescu

Horizon/Otizont UM Ao Ea Bt Bt BC | 2CnGo | CnGr
nasc | nasc | nasa | nasc | nasc | nasc nasc
Horizon depth/Adancimeal - em | o3 | 345 | 12.28 | 2843 | 4359 | 59-90 | 90-120
orizontului
Sample depth/Adancimea probei cm 0-2 3-10 | 13-27 | 30-40 | 45-58 | 60-70 | 100-120
Clay/Argila % glg 32,7 | 28,8 | 459 | 49,7 33,0 16,9 26,1
Dust/Praf % g/g 31,3 | 36,6 44,6 38,5 49,1 34,4 39,0
Fine sand/Nisip fin % g/g 332 | 346 9,2 115 | 170 48,7 33,6
Coarse sand/Nisip grosier % g/g 2,8 0 0,3 0,3 0,9 0 1,3
Physical clay/Argila fizica % glg 52,7 | 55,1 | 81,0 | 80,2 | 70,3 39,7 42,7
Humus/Humus % 34,78 | 493 | 1,35 1,07 1,00 191
Total N/N total % 1,503 | 0,242
C:N 13,45 | 11,84
P,0s % 0,405 | 0,186
CaCO; % 0 0 0 0 0 0 0
pH in water/pH n apa 728 | 748 | 788 | 792 | 7,72 7,68 6,24
T me/100 g | 60,60 | 46,75 | 37,02 | 32,70 | 34,49 | 38,80
Ca™ sch. %T 33,23 | 22,47 | 59,10 | 29,13 | 29,14 | 32,66
Mg*™ sch. %T 26,43 | 19,54 | 10,92 | 10,12 | 9,01 12,07
K* sch. %T 2,18 1,84 2,39 2,07 2,07 1,95
Na* sch. %T 38,16 | 56,15 | 27,59 | 58,68 | 58,68 | 53,32
H* sch. %T 0 0 0 0 0 0
Vg3 % T 100 100 100 100 100 100
Soluble salts (watery extract 1 : 5)
/ Saruri solubile (extras apos 1 : 5)
Total 9/1009g | 1,343 | 1,438 | 3,058 | 2,297 | 1,636 | 0,820 0,787
Corrected total/Total corectat 0/100g | 0,942 | 1,269 | 1,768 | 0,945 | 0,237 | 0,720 0,655
Total me/100 g | 37,88 | 40,14 | 87,80 | 66,00 | 42,48 | 22,08 | 22,06
HCO4 me/100g | 2,16 0,79 0,34 0,34 0,29 0,34 0,54
Cl- me/100g | 2,90 | 166 | 1,66 1,60 1,41 0,87 1,07
SO, me/100g | 13,88 | 18,25 | 41,90 | 31,06 [ 19,54 9,83 9,39
Ca** me/100g | 2,85 | 1,20 | 9,50 | 9,85 | 10,30 0,70 0,95
Mg** me/100g | 0,25 | 0,90 | 2,88 1,80 1,40 0,08 0,25
K* me/100g | 0,10 | 0,05 0,15 0,05 0,13 0,05 0,10
Na* me/100g | 15,74 | 17,92 | 31,37 | 21,30 | 9,41 10,21 9,70
CaS0O, mg/100 g 94 56 1244 | 1306 | 1360 49 56
Ca(HCO3), mg/100g | 307 | 113 | 46 46 39 51 76
Analytic data after / Date analitice dupa I. Munteanu, C. Grigoras, 1974
Table no. 3b
The probable saline compositionof the profile no. 3 from Sebis Depression, Saliste /
Compozitia salini probabila a profilului nr. 3, din Depresiunea Sebisului, de la Siliste
Horizon/Orizont UM Ao na sc Ea na sc Bt na sa Bt na sc BCnasc |2CnGonasc| CnGrnasc
xgg'rfgi?niegrti%m om 0-3 312 1228 28-43 43-59 59-90 90-120
Sample depth / om 0-2 3-10 13-27 30-40 45-58 60-70 100-120
Adéancime proba
Ca(HCO3), me/100 g 4.32 1.58 0.68 0.68 0.58 0.68 1.08
CaS0O, me/100 g 1.38 0.82 18.32 19.02 20.02 0.72 0.82
MgSO, me/100 g 0.50 1.80 5.76 3.60 2.80 0.16 0.50
K;SO, me/100 g 0.20 0.10 0.30 0.10 0.26 0.10 0.20
Na,SO, me/100 g 25.68 32.56 59.42 39.40 16.00 18.68 17.26
NaCl me/100 g 5.8 3.32 3.32 3.20 2.82 1.74 2.14

The analytic data of the two profiles emphasize the
increased textural differentiation between the E and Bt
horizons, which is specific to albic and solodic
Solonetzs. The presence of the exchangeable sodium
in a percentage higher than 15 (15.92, 17.79 profile no.
2 or 59.42 profile no. 3) from T to Bt horizon, makes
these profiles belong to the Solonetz type.

The presence of a high salinization in the upper
horizons is specific to the two profiles. In the case of

54

Datele analitice ale celor doua profile evidentiaza
puternica diferentiere texturala dintre orizonturile E si
Bt, specifica de altfel soloneturilor albice sau celor
solodice. Prezenta sodiului schimbabil in procente de
peste 15 % (15,92, 17,79 profilul nr. 2 sau 59,42
profilul nr. 3) din T in orizontul Bt, incadreaza aceste
profile la tipul solonet.

Ceea ce au specific aceste doua profile, este
prezenta unei puternice salinizari Tn orizonturile



profile no. 3, the first Bt horizon displays a salic
character (1.7 g at 100 g soil, after it was made the
correction with the gypsum and calcium bicarbonate),
which might make this profile belong to the Solonetz
type, as the salic horizon develop in the first 50 cm from
the surface. At the same time, it can be noticed that the
sodization process is very strong and it affects the soil
along its entire thickness, including the Ao and Ea
horizons.

A particular feature of the profile no. 2 is that, even
if it does not display a salic horizon of least 10 cm
thick in the first 50 cm from the surface of the soil, the
salinization is extremely high in the first 10 cm. The
overlapping of the hyposalic horizon on the Ao and Ea
horizons, which display a high depletion of bases (V
of 30 — 35 % from T) and a strongly acid reaction (pH
of 4.0-4.3), would make these soils belong to the so-
called acid salt lands (I. Munteanu & collab., 1974).

Based on these specific features we consider that
the genesis of these Solonetzs is not really similar to
that we know from the literature in the field or to that
of the Solonetzs from the Crisul Alb basin.

Taking into account the morphological and
physical-chemical features, we notice that these soils
present a well-expressed Ea horizon followed by a Bt
horizon, also well formed. We observed that Sebis
Depression located in the area of deciduous forest, so
the zonal soil in the region is the Luvisol, a soil that
have both an E and Bt horizon. Thus, we suppose that
initially the soil evolved as an albic Luvisol. This
hypothesis is supported by some analytic data, besides
the morphological and textural data, that can be
noticed to both Solonetzs and Luvisols. First, we
notice the lack of CaCO3 to a depth of 150 cm,
situation also characteristic to the Luvisols from the
region. But, at the usual Solonetzs, the accumulations
of calcium carbonate are much higher placed, in the
second part of the Bt horizon (in the first 200 cm from
the surface). Another aspect to be taken into account is
the strong depletion of bases and the highly acid
reaction (profile no. 2), which is similar to that of the
Luvisols. In the case of the profile no. 3, we appreciate
that the strong sodization of the Ao and Ea horizons
probably took place by replacing the hydrogen ion
from the adsorption complex. Thus, the degree of base
saturation changed and the soil became completely
saturated in bases, which explains the poor alkaline
reaction (pH of 7.3 -7.9).

The differences in the evolution of the two profiles
are caused by the different depth of the groundwater
(1.7 m for the profile no. 2 and 1.2 m at the profile no.
3) and, probably, by the difference in the groundwater
mineralization, which is stronger in the case of the
profile no. 3.

According to the above analysis, one can state that
the salinization and sodization processes, which
affected the soil, is more recent and the soils evolved
in two phases, a first phase of Luvisol formation and
then the second one of Solonetz formation. In fact, the
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superioare ale acestora. n cazul profilului nr. 3, primul
orizont Bt are caracter salic (1,7 g la 100 g sol, dupa ce
s-a facut corectia cu gipsul si bicarbonatul de calciu),
ceea ce ar putea Tncadra acest profil la tipul solonceac,
orizontul salic gasindu-se n primii 50 cm de la
suprafata. Tn acelasi timp, se poate constata ca
procesul de sodizare este foarte puternic si afecteaza
solul pe ntreaga grosime, deci si orizonturile Ao si Ea.

Un aspect aparte apare in cazul profilului 2, care,
desi nu prezinta un orizont salic de cel putin 10 cm
grosime n primii 50 cm de la suprafata solului,
salinizarea este totusi foarte puternica in primii 10 cm.
Suprapunerea orizontului hiposalic peste orizontul Ao
si Ea, orizonturi puternic debazificate (V de 30 — 35 %
din T) si cu reactie foarte puternic acida (pH de 4,0 —
4,3) ar incadra aceste soluri la asa numitele saraturi
acide (I. Munteanu si colaboratorii, 1974).

Pe baza acestor insusiri specifice, apreciem ca
geneza acestor soloneturi nu este tocmai similara cu
ceea ce cunoastem din literatura de specialitate sau cu
a celorlalte soloneturi din bazinul Crisului Alb.

Urmarind insusirile morfologice si fizico-chimice,
observam ca aceste soluri au orizont Ea bine
exprimat, urmat mai jos de orizont Bt, la fel, bine
format. Am vazut ca Depresiunea Sebisului se gaseste
n zona padurii de foioase, deci solul zonal din aceasta
regiune este luvosolul, sol cu orizonturi E si Bt.
Tinand cont de aceasta situatie, presupunem ca initial
solul a evoluat ca un luvosol albic. Aceasta ipoteza
este sprijinita de cateva date analitice, Tn afara de cele
morfologice si texturale, ce sunt Tintalnite si la
soloneturi si la luvosoluri. Tn primul rand, constatim
ca solul este lipsit de CaCO; péana spre 150 cm
adancime, situatie care se constata si in luvosolurilor
din aceasta regiune. Tn schimb, la soloneturile
obisnuite, acumularile de carbonat de calciu se gasesc
mult mai sus, de obicei in a doua parte a orizontului
Bt (in primii 100 cm de la suprafata). Un alt aspect de
care trebuie tinut cont este debazificarea puternica si
reactia foarte puternic acida (profilul nr. 2), similara
cu cea a luvosolurilor. Tn cazul profilului nr. 3,
apreciem ca sodizarea puternica a orizonturilor Ao si
Ea s-a produs probabil si prin inlocuirea ionului de
hidrogen din complexul adsorbtiv. Astfel, s-a
modificat gradul de saturatie in baze, solul devenind
complet saturat Tn baze si, ca urmare, reactia a devenit
slab alcalina (pH de 7,3 -7,9).

Diferenta de evolutie dintre cele doua profile este
cauzatd de adancimea diferita la care se gaseste apa
freatica (1,7 m la profilul nr. 2 si 1,2 m la profilul nr.
3) si probabil, de diferenta de mineralizare a apei
freatice, mai puternica in cazul profilului nr. 3.

Conform analizei de mai sus, se poate afirma ca
procesul de salinizare si sodizare, ce a afectat solul
este mai recent, solurile evoludnd in doua faze, o
prima faza de formare a luvosolului si, in a doua, de
formare a solonetului. De fapt, dezvoltarea faziala a
solurilor este recunoscuta de specialisti.

Existda posibilitatea, ca Tintr-o perioada mai



experts recognize the phase development of the soils.

The lack of a mineralized groundwater rush in the
past is another possibility and thus, the soil might have
evolved towards the zonal type, the Luvisol. Then,
probably, after some tectonic movements, the aquifers
could reach the surface on the fault lines. Their high
mineralization (predominantly sodium salts) led to
both the salinization and sodization of the horizons
located above the aquifer.

indepartatd, sia nu fi existat un aflux de ape
mineralizate din adancime, solul evoluand catre tipul
zonal, respectiv luvosolul. Apoi, probabil, in urma
unor miscari tectonice, ape din strate acvifere de
adancime au putut iesi spre suprafata pe liniile de falie.
Mineralizarea lor ridicata, in care predomina sarurile
de sodiu, a determinat atat salinizarea, cat si sodizarea
orizonturilor de deasupra stratului acvifer freatic.
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CONSIDERATIONS REGARDING THE LIMIT BETWEEN
THE MEHEDINTI MOUNTAINS AND PLATEAU

CONSIDERATII ASUPRA LIMITEI DINTRE MUNTII S1 PODISUL MEHEDINTIULUI

Marcel TOROK - OANCE?

Abstract: The most southern summit of the Southern Carpathians, the Mehedinti Mountains, is well
individualized within the other surrounding mountainous units, while the limit with the Mehedinti Plateau
is quite different from one author to another and not entirely clarified. The present paper aims at
establishing this limit based on the field observations and spatial analysis, by using the terrain numerical
model, the digital geological and tectonic maps, and GIS integrated satellite data. The southeastern limit is
complex as it displays two different sectors: Closani — lzverna sector, where the limit is predominantly
morphostructural and lzverna — Podeni sector, where the morphographical and morphometrical
differences are mostly doubled by structural limits. Southward, the limit with the plateau is
morphostructural. Among the above mentioned limits, the Mehedinti Mountains cover a surface of about
400 square kilometers, which represent 10 percent of the Retezat — Godeanu Mountains surface and 2.6
percent of the Southern Carpathians surface.

Key words: geomorphologic limit, Geographical Information Systems, remote sensing, The Mehedinti
Mountains, The Mehedinti Plateau.
Cuvinte cheie: limita geomorfologica, Sisteme Informationale Geografice, teledetectie satelitara, Muntii

Mehedintiului, Podisul Mehedintiului.

1. Introduction

If the issue regarding the framing of the Mehedinti
Mountains to one of the two Carpathians branches (the
Southern, respectively the Western one) led to the
development of different opinions during time (Mrazec,
1896 — quoted by Emm. de Martonne, 1907 — Emm. de
Martonne, 1907; Mihailescu, 1963; Sarcu, 1971; Cotet,
1973; Posea and Badea, 1982; Savu and Velcea, 1982;
Badea, 2001; Posea, 2005), the issue of the limits of
these mountains is even more interesting, as it is
partially not clarified. Establishing the limit between the
Mehedinti Mountains and the surrounding mountainous
units was not problematic, but we cannot state the same
thing about the limit between the Mehedinti Mountains
and Plateau, which differs from one author to another.
The issue regarding this limit is not clarified because of
many reasons: the difference between the mountains
and the plateau (the geological studies) is not made,
some delimitation particular criteria are not taken into
account (the hydrogeological criterion if we refer to
speleology papers) or there is not an approach of the
entire space of the Mehedinti Mountains (the case of
karst morphology and physical geography papers).
Many of the studies about the region do not make any
reference to the limits. If the studies deal with this issue,
the references are very general, certain opinions being

1. Introducere

Daca problema apartenentei Muntilor Mehedintiului
la una din cele doua ramuri carpatice (Meridionala,
respectiv Occidentald) a dat nastere unor opinii diferite
de-a lungul timpului (Mrazec, 1896 - citat de Emm. de
Martonne, 1907 - Emm. de Martonne, 1907;
Mihailescu, 1963; Sarcu, 1971; Cotet, 1973; Posea si
Badea, 1982; Savu si Velcea, 1982; Badea, 2001;
Posea, 2005), problema limitelor acestor munti este si
mai interesanta si este nca, in parte, neclarificata.
Stabilirea limitelor Muntilor Mehedintiului fata de
unitatile muntoase Tnconjuratoare nu a ridicat
probleme deosebite, dar nu acelasi lucru se poate
afirma despre limita dintre mungi si  Podisul
Mehedintiului, limita care este trasati diferit de la un
autor la altul. Problema limitei muntilor cu podisul nu
este clarificata din mai multe motive: nu se face
diferenta intre munti si podis (studiile de geologie), se
tine cont numai de unele criterii particulare pentru
delimitarea muntilor (criteriul hidrogeologic in cazul
lucrarilor de speologie) sau nu se abordeaza intreg
spatiul Muntilor Mehedintiului (cazul lucrarilor de
morfologie carstica si de geografie fizica). Multe
dintre studiile care vizeaza regiunea nu fac deloc
aprecieri asupra limitei. Tn cazul celor mai multe studii
care trateaza si aceasta problema, referirile sunt foarte
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quoted from one author to another, without a field
research. Thus, it is quite clear it is necessary to pay a
greater deal of attention to the analysis of the limits of
these mountains.

2. History

Emm. de Martonne (1907) is the first who made a
geomorphologic study of the Mehedinti Plateau. He also
shows that “the limit of this region is clearly marked by
the steep slopes of the Carpathians in the West, which is
made up of limy massifs displaying picturesgque shapes...”.
At the same time, he also renders this aspect by a
panoramic draft. This scarp is not as impressing as the one
towards the Cerna River, but it really represents an
element that marks the limit between the plateau and the
mountains, as it is also visible on Landsat satellite images.

V. Mihgilescu (1963) shows that the Mehedinti
Mountains are separated from the plateau by an altitudinal
difference of 300-400 meters. They are also covered by
forests and display a very low population density. He also
refers to the southern limit, stating that the Mehedinti
Mountains “end between the Cerna and Bahna Depression
in the south, nearby the Danube river”.

A quite general reference is made by I. Sarcu (1971),
who describes the Mehedinti Mountains as “a massive
summit with a block aspect that dominates the Mehedinti
Plateau by a steep scarp”.

Al. Rosu (1980) agrees with V. Mihailescu’s
opinion showing that the mountainous region
“dominates the Mehedinti Plateau by 300-400 meters.”

V. Sencu (1975) draws this limit on the karst map
rendering the lower basin of the Cerna River, but he
does not refer to it within the text. The limit is drawn
East of the overthrusting line of the Severin Thrust-
sheet, at the base of the above-mentioned scarp. In our
opinion, this is the best delimitation. As the study does
not refer to the entire region of the Mehedinti
Mountains, the limit is represented only for the sector
between lzverna settlement, in the North, and Pades
Peak, in the South.

In Romania Geography, vol. 1ll, (1987), the
Mehedinti Mountains are more minutely and
systematically rendered. The limit is much more
exactly described and there appear many clues: “... the
southeastern limit is sinuous ... and the slopes slowly
inclined (as compared to the Cerna Valley, o.n.).
Starting from Toplet, it crosses westward of the
settlements of Podeni, Izverna, and Obérsia Closani...”
Unfortunately, in the study, there is no map rendering
the limit of these mountains.

A more accurate explanation appears in Romania
Geography, vol. 1V (1992), in the chapter referring to
the Mehedinti Plateau. There, the altitudinal difference
between the mountains and the plateau is of 400-500
meters and it is marked by *“a slope usually cut in
limestones” or by “... an indistinct contact because of
certain hills that appear as a secondary step between the
plateau and the mountains”. The limit is located West of
the settlements of Closani, Godeanu, lzverna, Gornenti,
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generale, anumite pareri fiind preluate de la un autor la
altul, fara o cercetare prealabila n teren. Reiese astfel
necesitatea de a acorda o atentie mai mare analizei
limitelor acestor munti.

2. Istoric

Emm. de Martonne (1907) este cel care realizeaza
primul  studiu geomorfologic asupra Podisului
Mehedintiului. Tot el arata ca ,limita acestei regiuni
aparte este clar marcata la vest de abruptul Carpatilor
alcatuit din masive de calcar cu forme pitoresti...”.
Totodata ilustreaza acest lucru printr-o schita
panoramica. Acest abrupt, nu la fel de impunator ca
cel dinspre Cerna, constituie intr-adevar un element ce
marcheaza limita dintre podis si munti, fiind vizibil si
pe imaginile satelitare Landsat.

V. Mihailescu (1963) arata ca Muntii Mehedintiului
se individualizeaza fata de podis printr-o diferenta
altitudinala de 300-400 m si prin faptul ca sunt
Tmpaduriti si au un grad de populare foarte redus. Face
referiri si la limita sudica, afirmand cia Muntii
Mehedintiului ,se termina in sud fintre Cerna si
depresiunea Bahnei, in apropiere de Dunare”.

O referire foarte generala o face I. Sarcu (1971), ce
descrie Muntii Mehedintiului ca o ,,culme masiva, cu
aspect de bloc ce domina Podisul Mehedinti printr-un
abrupt puternic”.

Al. Rosu (1980) reia afirmatiile lui V. Mihailescu,
aratand ca regiunea muntoasa ,,domina cu 300-400 m
Podisul Mehedinti”.

V. Sencu (1975) traseaza aceasta limita pe harta
carstului din bazinul inferior al Cernei, fara a face insa
referiri asupra acesteia n text. Limita este trasata la est
de linia de incalecare a Panzei de Severin, la baza
abruptului amintit anterior. Este, dupa parerea noastra,
cea mai buna delimitare. Deoarece studiul nu era
dedicat intregii regiuni a Muntilor Mehedintiului,
limita este reprezentata doar pentru sectorul dintre
localitatea lzverna, in nord, si varful Pades, in sud.

In Geografia Romaniei, vol. IlI, (1987) Muntii
Mehedintiului sunt prezentati mai amanuntit si
sistematic. Limita este descrisa mult mai exact si cu
mai multe repere: ,,... limita de sud — est este mai
sinuoasa ... iar versantii mai slab nclinati (decat spre
Valea Cernei, n.n.). Tncepand de la Toplet, ea trece pe
la vest de localitatile Podeni, lzverna si Obérsia
Closani...”. Din pacate, in lucrare nu exista nici o harta
a acestor munti pe care sa fie concretizata aceasta
limita.

O precizare si mai exact