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Articole

Unitati toposecventiale microscalare cu importanta
in proiectele de amenajare a teritoriului

loan MAC

Abstract. Microscalar morphosequences as Support for Territorial Arrangements. At least for the territorial
arrangements practice in Romania, the actions were located on large spatial units. Only some specific interventions, as
torrential basins, river channels, intensely degraded slopes etc., were characterized by medium-scalar dimensions.
Those on inferior scalar levels are extremely occasional and geomorphologically (scientifically) unfounded. The recent
requirements in territorial arranging imply a careful evaluation of the geomorphologic reality at microscalar levels as
well as the adoption of some methods and techniques that fit to the geometric architecture that derives from the forms
intimacy. As a consequence, the morphosequences become adequate supports for the detail territorial arrangement. The
microscalar morphosequences are understood as parts of a geomorphologic catena of no matter what relevance:
morphological, morphometrical, morphogenetic or morphodinamic. This means that the morphosequences play the role
of holonic subunits, belonging to the same order or to different ones, but systemically subordinated to the referential
whole. These microscalar morphosequences could be identified with elementary physiographic components (ex. Facets,
microforms) or with functional components of the geomorphologic reality. They could at most be correlated with
structural levels belonging to medium scalar catenae, as those in a valley system: channels, terraces, slopes and their
components. Within the spatial morphologic system (the regional one), these morphosequences express at most the
geosites or places. In fact, the morphosequences, with a varied discography and an intimate dynamics, provide the
catenar construction with a character of relative stability. The morphosequential homologations and convergences
determine the functional model of the mezo- and macroforms. The frequency and variation of the microscalar
morphosequences indicate the level of aggression on the geomorphologic system. They also indicate the presence of
some perturbational factors which strive to overrun the geomorphologic resistance, so that the destabilization is not only
imminent, but also affective. As a consequence, the territorial arrangement will be correlated to the patterns imposed to
the land areas by the active morphosequences or by those derived with restabilization tendencies. Because of the large
variety of the morphosequential patterns, we chose for our demonstration some specific cases within the slopes and
river channels catenae in the Transylvanian Basin.

Participarea geomorfologiei la cunoasterea
Terrei s-a implinit treptat si corelat cu

ar trebui sd utilizeze ca suporturi teoretico-
aplicative.

abordarile si rezultatele dobandite din spectrul
larg al stiintelor naturii. Nevoile practicii au
impulsionat  cercetarea fundamentald, iar
aceasta a sustinut mereu si in forme noi
investigatia aplicata, rezultind geomorfologia
tehnica. Raporturile intre cele douda cai de
abordare s-au mentinut continuu, existand o
unitate bine inchegata, care merge de la teorie la
practicd si invers. Astdzi, geomorfologia se
inscrie asadar intre stiintele cu valente deosebite
pentru intelegerea si sustinerea transformarilor
din teritoriu, indiferent de nivelurile de analiza:
local, regional, global.

In dorinta de a ne apropia de geomorfologia
aplicata, poate chiar mai mult, geomorfologia
tehnica, va trebui sa pornim studiul de la ceea
ce cunoasterea §i practica actuald folosesc sau
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Geomorfologii din Romania nu au oferit
elemente concrete taxonomice, tipologice si de
referintd (suporturi geometrice) pentru insertia
specifica a lucrarilor de amenajare a teritoriului.
Pe de alta parte, nu sunt lamurite nici sferele de
intelegere 1n privinta notiunilor de amenajare a
teritoriului, Tmbunatatirii funciare, organizare a
teritoriului etc. Se impun, asadar, cateva
comentarii de ordin general.

Amenajarea teritoriului presupune efectuarea
unor actiuni tehnice asupra componentelor
geografice (apa, sol, relief) 1in scopul
dimensiondrii folosirii acelui spatiu. In cazul
reliefului, fond asupra céaruia se opereaza cele
mai frecvente lucrari, sunt necesare cateva baze
de date:
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- informatia geomorfologica care include pe

de o parte date morfografice si cantitative

(fragmentare, energie, declivitate), iar pe de alta

parte documente cartografice (schite, harti

partiale, harti generale);

- elemente  geospatiale, suport  pentru

proiectarea si executarea lucrarilor de amenajare:

unitati morfologice, fatete, morfosecvente

(fiziografice, dinamice, functionale). Aceasta

presupune  elaborarea  unei  taxonomii

geomorfotehnice;

- elemente cartografice de bonitare: harti cu

regionalizarea modalitatilor de folosintd a

teritoriului (in cazul amenajarilor complexe);

harti etalon cu toposecvente clinometrice
delimitate pe baza claselor de panta.

Atunci cand se efectueazd studii de
geomorfologie cerute de practica, sunt folosite,
pe langd principiile si metodele obisnuite,
principii si metode specifice, cum ar fi:

1. principiul secventialitatii, stipuleaza ca
realitatea teritoriala este inteligibila pe
intreg Tn masura in care este §i pe parti.
Aplicarea secventialitatii constituie calea
sigurd a interventiei corecte a omului asupra
terenului;

2. principiul coerentei, variatia fenomenologica
se inscrie pe traiectoria legdturilor trainice;

3. principiul antagonismului, caci natura nu
este niciodata uniform continua;

4. principiul instabilitatii ne sugereaza faptul
cd natura lucreazd pe douda tendinte —

negentropica, Inscrisd pe cea entropica, care
ramane 1nsa cu durata lunga;

5. principiul catenei, conform caruia partile
unei serii geomorfologice compun o unitate
fie topostatica (fatetd inclinata, fatetd
abruptd, fatetd cvasiorizontald), fie una
genetica (dinamica — ca la un torent —
bazinul de receptie, canalul, de transfer,
conul de acumulare);

Principiul ,,catena” a fost propus de catre
Milne (1935, 1947) in legaturd cu ,,S0il
surveys”, in sensul unei corelatii intre solurile
de pe un versant si toposecventele acestuia. De
aici s-a formulat si concluzia ca pozitia unui
segment de pantd la o localizare catenara
particularda are nu numai o influentd asupra
tipului de sol care apare acolo, ci si asupra

morfologiei segmentului. Apropiindu-ne de
explicatiille date catenei geomorfologice
(Scheidegger, 1986), devine evidenta

secventialitatea catenard prin inputul si outputul
de masa si energie intr-un curent de momente si
mecanisme inlantuite: fasia eluviala, fasia
coluviald si fasia aluviala, precum si in cazul
unui sistem torential (bazinul de receptie,
canalul de transfer, conul aluvial). Echivalarea
unei astfel de constructii catenare, cu secventele
de eroziune-transport-depozitare, apare evidenta.
Segmentele respective se definesc nu doar prin
existenta morfofunctionald, Ci §i printr-o migcare
plan-spatiald, ceea ce vorbeste si de controlul
principiului instabilitatii. (fig. 1).

__spring

Fig. 1 Catena: eluviu, deluviu, coluviu; eroziune, transport,
depunere intr-un sistem torential
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Fata de cele expuse, bazati pe literatura
existentd, consideram obligatorie depasirea
restrictivitatilor de a considera ,,catena” doar ca
secvente dinamice echivalate cu mecanismele
prin care este realizat fluxul de materie si
energie. Ca urmare, catena, ca inlantuire de parti
(lant catenar) legate intre ele prin determinari: de
pozitie, de ierarhie sistemica (holarhie), de
sinergie si altele, poate avea caracter:

- dinamic — torenti, vai, vai de deraziune,
alunecdri, curgeri noroioase etc. (fig. 2 a, b);

- static — ordonari de suprafete legate prin
contiguitate (ex. toposecventele);

- functional — eroziune, transport, acumulare
(ex. eluviu, deluviu, coluviu).

trepte instabile si segmente foarte active.

Cele doud mari cai de abordare in cazul
versantilor: prima, catenar procesuala si
genetica; a doua, secvential clinotropicd (pe
clase de pante), meritd a fi conexate si discutate
prin functia pantelor limiti. Valoarea de 2°
socotitd ca pantd limitd superioard pentru
suprafetele orizontale, iar valoarea 3-5% ca panta
limita de racord intre versant si fundul vaii sau
intre versant si platourile interfluviale (H.
Summerson si M. Miller, 1960, G. Seret, 1963,
J. Somé, 1966 etc.). Daca adoptam parerea (P.
Macar si A. Pissart, 1966) ca valoarea 3-5° este
limita inferioara a Inclindrii ce asigura un
echilibru dinamic proceselor de modelare a

Dupd cum opereaza rationamentul cd dacd versantilor, atunci 1in ierarhizarea
exista relieful topografic, suprafetele plane morfosecventelor putem delimita ,,unitati”
stabile la diferite nivele, ele vor fi conexate de  morfoscalare stabile (0-6°), substabile (6-9°),

metastabile (9-22°) si regresive (>31°).
E

v

dl.&iianu -
5251
500 4
4757
450
“ 250 500 750 1000 1500 2000 2500m

Fig. 2 a Catena secventelor intr-un complex de alunecare de tip glimee (in profil)

Fig. 2b Catena secventelor intr-un complex de alunecare de tip glimee
(ansamblu morfologic)
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Intregul teritorial poate fi apreciat ca
superpozitionare §i juxtapunere de ,.catene”.
Aceasta abordare difera fundamental de ceea ce
folosesc ,,scolile morfometrice”, adica de
clasele de pante utilizate atat pentru deductii
genetice, cat si pentru aplicarea diferentiata a
lucrarilor de amenajare a teritoriului, cum sunt
cele de imbunatatiri funciare pe versanti.
Pe suprafata globului terestru, ordonarile
catenare au loc pe doua directii: plan-spatiale si
plan-verticale. Pe unitate teritoriald acestea
realizeaza combinatii geomorfologice functionale
de facturd convergentd sau divergentd in care
directiile vectoriale indica integrarea proceselor
si formelor, ori, dimpotriva, dispersia, disiparea
masei §i energiei.
Ilustrarea celor expuse poate fi multipla.
Apreciem ca oportund demonstratia pe
morfounitatea versantului.
Indiferent in ce opticad privim secventele unui
versant, ramanem convingi ca fiecare ,,parte”
indeplineste o functie de ,,verigd catenard” in
ansamblul profilului, fie ca acestea, vorbind
numeric, sunt: 2, 3, 4, 9 etc. (fig. 3), cu atribute
toposecventiale, fie dinamice sau depozitionale
(eluviu, deluviu, coluviu, aluviu). Fasiile
functionale acceptate la cei mai multi cercetatori,
dupa L. King (1957) sunt patru-cinci:
convexitatea superioard sau panta crescanda
(waxing slope), care creste usor spre partea
inferioara;

- fasia nuda (abrupt, free face) afectata de
dezagregari;

- fasia de grohotis (debris slope);

- Concavitatea inferioard (panta descrescandd —
waning slope) sau fasia coluviala;

- fasia cu deluvii — ce face legatura intre
convexitatea superioard §i concavitatea
inferioara.

Pe fata unui versant aceste fasii se repetd
frecvent, caz 1In care vom vorbi de o
multiplicare morfosecventiala. Profilul
versantului devine multispectral, ceea ce obliga
practicienii sd-si adapteze interventiile la
asemenea detalii sau sd aplice lucrari unitare
pentru intreaga fatd a versantului ,,sfartecata”
(sfaramata) de procese extrem de difuze (fig. 4).
Morfosecventele extrapolate la profilul (linia),
respectiv fata acestuia, vor compune suprafetele
functionale,  fdsiile  functionale, respectiv
benzile spectrale pentru amenajare (fig. 5). O
morfosecventa va contine elemente:

- clinometrice (pe clasa de pante adoptata);

- de forma geometricad (concav, convex, drept,
mixt);

- de constitutie geologicd, formatiuni de
cuvertura (scoarta de alterare, depozite
remaniate).

- morfodinamice (obarsii de vai, cap de vale,
talveguri, cornise de desprindere, corpuri
materiale in deplasare etc.);

- morfogenetice — procese specifice lineare,
areolare, complexe.

Toate fasiile de versant si morfosecventele din
cadrul lor vor fi evaluate si sub raportul stérilor
sistemice (stabilitate, instabilitate, metastabilitate,
fluctuatie) s1 a tendintelor fundamentale
(rezilienta, durabilitate, regresivitate).

Morfosecventele constituie suporturi efective
pentru cartografierea geomorfologicd aplicata,
operatie obligatorie in proiectarea si actiunea de
amenajare a teritoriului (fig. 6).
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Fig. 3a Unititile morfologice ale versantului: a — 0 unitate, b — 2 unitéti, ¢ — 3 unitati, d — 4 unitéti;
b. Elementele versantului (dupa L. King ,1953): A — convexitatea superioara, B — abrupt,

C — fasia de grohotis, D — concavitatea inferioara;

. Terminologia aferenti versantului (dupd Young, 1964)
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Fig. 4 Unititile functionale si morfologice ale versantilor din bazinul Somesului Mic (sinteza):
1. Procese pedogenetice, circulatia verticalda a apei; 2. Circulatie laterald superficiald a apei; 3. Circulatie difuza,
creeping, circulatie de tip rill, fasii de solifluxiune, retragerea versantului; 4. Cornisd de desprindere la alunecari si
prabusiri, curgeri noroioase, ravene seci i cu apa, conuri de nisip; 5. Alunecari periglaciare, alunecari cubice, alunecari
sub forma de limba, creasta alunecarii, canalul de alunecare; 6. Glacis, trene coluvial-proluviale; 7. Torenti, depozite
aluviale, meandre; 8. Faza de desprindere, material prabusit, material din rampa canalului de scurgere; 9. Transport de

fund, transport in suspensie, transport in solutie, insule de rau
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Fig. 5 Morfosecventele amenajate dintr-un sistem de pante

UNITATILE MICROSCALARE
INTR-UN SISTEM TORENTIAL

//7\\\] Fateta laterala
=] Obirsia de canal

N Canal torential
— | le—=

Fig. 6 Catena torentului — unitati microscalare si de proiectare pentru amenajare
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The role of the relief in territorial planning

Nicolae JOSAN

Abstract. Within the territorial planning the natural factors could be restrictive for some activities or favourable for
other activities. The relief is one of the factors “deeply involved” in territorial planning in two ways: as natural resource
and due to geomorphological dangerness. Depending on the instability of relief forms different way of using could be
chosen. A study related to the role of the relief in territorial planning must take into account the morphometric
parameters and the geomorphological processes. During the human history, the relief played different functions: habitat
function, work object function, border or boundary between states or regions, defending functions, recreative function,

spiritual function.

Theoretical background

Being a vital part of sustained development, the
territorial planning must take into account all
the factors which are the basis of the
implementation of sustained development for
the present and for the future generations. This
the reason why the territorial planning must
take into account the natural potential of an area
for the best use of it.

Within the territorial planning, the natural
factors (relief, geology, climatic conditions,
water resources, soils, vegetation) could be
restrictive ones (for some activities) or could be
favourable ones (for other actions). The most
important thing is to know those elements of the
natural factors which lead to the best fulfilment
of our goals and helps us to avoid the induced
dangers.

The basis for territorial planning must be, for
this reason, the physical background or the relief.

The influence of the relief in territorial
planning could have two directions. The relief
is a natural resource, on the one hand, and the
support for the human activity and a working
object (together with the soil) on the other hand.

The other way of “implication” of the relief is
given by the geomorphological dangerness
which indicates the possibility that a single
phenomenon of geomorphological instability

Revista de geomorfologie —vol. 8, 2006, pp. 11-15

could occur in a certain period of time. (Panizza
M., Sandra Piacente). The geomorphological
dangerness is the result of the “fusion” between
the intensity of occurrence and the frequency of
manifestation. This is the starting point for the
stability or instability of certain relief forms,
with a special role in the land use of the relief.

A relief form is unstable when it is not in
equilibrium with the environment. But the
instability must not be considered in an absolute
way because it could be unstable in connection
with a process (e.g. a slope consisted of marls
and clays is affected by landslides) or could be
stable in connection with other processes (e.g.
the same slope in connection with fluvial
erosion).

Depending of the instability of a certain relief
form is the way in which the land
use/management is made for achieving the
optimum and most efficient solutions.

The elements (parameters) which must be
take into account in territorial planning are the
following:

- the altitude, it is an important factor which
condition other elements of the environment
such us climate, vegetation, soils;

- the slope or the angle of the slope, which
directly influence the stability of the slopes
through the processes which could occur on
it, the access of certain means of
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transportation, certain agricultural techniques,
the received solar energy a.s.o.;

- the slope exposition, together with the
angle, cause the differentiations of received
quantity of solar energy;

- the density of fragmentation (km/sq km) is
an important element within the studies of
territorial management, the higher the
values of this indicators are the greater the
limitations are for relief use;

- energy of relief, usually closely related to
the altitude and slopes, could have a
restrictive or favorable role for some human
activities.

In consequence, a study of the relief must
integrate all these quantificated factors, the
relationships among them and other elements
must be established, such as the hydrographical
network, vegetation a.s.o.

The geomorphological dangerness must be
correlated with geomorphological processes
which affect a certain area. Thus it is necessary
to know the intensity and the frequency of some
geomorphological processes on steep surfaces
(slopes, some parts of fluvial terraces) or on
horizontal and  sub-horizontal  surfaces
(interfluves, floodplains) and also processes
which occurs in the fluvial system (meandering,
river untwining, river banks undermining a.s.o).

The relational analysis of above mentioned
elements (geomorphological elements and
geomorphological dangerness) could drive to
establishing the restrictivity or favorability of
relief forms for specific human activities. A
relief form could be restrictive for a certain
activity or favorable for other activity. For
example, a high mountain area, characterized
by high altitudes, high values of slopes, relief
energy, Iis restrictive for inhabiting agriculture
but suitable for winter sports, tourism a.s.o.

The function of relief in territorial planning

During the long history of human society the
functions of relief forms continuously changed.
These functions ennerges from the fact that the
relief was and still is the base for economic,

social and technological activities of the human
society.

The habitat function

From the very beginning of the history of
human society the man used caves and other
natural excavations of the relief for living inside
but the role of relief form was a very important
one. Through its morphological parameters
(slope, density of fragmentation, energy), the
relief played an important role in spatial
extension, in the structure of human
settlements. Thus the spread-settlement type are
specific to mountain areas, where the
fragmentation of the relief is high, and the bulk
type could be found in hilly area, mainly along
rivers. The plain areas have no restrictions
related to the influence of the relief.

In choosing the placement of a human
settlement man must take into two elements: a
water source and the settlement must avoid
floods. This aspect is proved by the settlements
discovered on the low fluvial terraces, on
glacises, on islands. Just in the last decades the
human pressure forces the settlements to extend
on flooded zones or on unstable slopes and the
results are obvious.

The territorial planning must take into
account, for choosing areas for settlements, the
stability of relief forms or the geomorphological
dangerness.

The Relief - work object

The oldest human activity is agriculture, an
activity closely related to natural conditions.
Depending on morphometric parameters —
which influence, from some points of view, the
microclimate and the soils — the relief directly
influence the agricultural activity in an certain
area. If the climates cause an arrangement in
tiers for the crops, the relief’s cause an local
arrangement in tiers depending on altitudes,
slopes, exposition. These parameters impose
agricultural  techniques  compulsory  for
preserving slope stability, avoiding erosion,
increasing agricultural productivity.

In parallel, the evolution of human society
gained an order function: the administrative
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one, the boundary function, between states or
inside a state. A valleys, an interfluves, are the
most common natural boundaries between
states or administrative areas inside a state.

An opposing role, which means discontinuity,
is the convergence role of some relief forms.
An example is given by the Carpathians which
are the birthplace of Romanian people. The
convergence role of some social, economic and
technological activities often superpose over
depressions (Brasov, Sibiu, Fagaras) or some
valleys (Siret, Mures, Somes valleys).

The impact of the relief in the development of
transportation means was a very important one.
The favorable conditions of some morphometric
parameters played an important role (the degree
of fragmentation, the lack of steepness) in the
development of means of transportation which
are situated mainly on lower terraces, on
glacisis or on the floodplains. The cut of slopes,
without a precise analysis of the consequences,
could cause major imbalances, without knowing
the processes which could be induced
(meteorization) or started (landslides, falls),
could cause major material damages. Such an
example is the situation along Jiu valley during
the winter of 2006.

Choosing the route for transportation means
in mountain areas must take into account the
geology, some characteristics of the relief
(slope, energy, degree of fragmentation), the
induced energy inside the slope, vibrations
generated by heavy traffic. A special attention
must bestowed in choosing crossing point for
interfluves  with  low  geomorphological
dangerness.

The relief play an important role in choosing
the location for the airports. The lack of
steepness and the continuity of relief forms are
essential, thus the fluvial terraces, the
floodplains or even the beaches are chosen for
this purpose.

The building and the extension of harbors
must take into the particularities of marine relief.

The defending function — was, by far, well
expressed during history when the technical
means were less sophisticated and was caused
by the existence of “island-like” relief forms
with a reduce accessibility.

Thus, the ancient and middle-ages fortresses
were built on island-like relief forms (peaks,
crests) with reduced accessibility due to the
steep slopes. An example could be the ancient
fortresses from Orastie Mountains, middle-ages
fortresses from Moldova, in all cases the relief
being the main safety factor.

Even nowadays the role of the relief in
placement the airfields, military harbors, rocket
launch facilities, training areas, ammunition
storage facilities is a very important one.

The touristic-recreative function. The relief
could expose this function by itself or in
association with other elements of the
environment. The touristic features are
valorized mainly in the last period of time due
to the spectacularity of the relief forms. The
areas with scientific values and those with
unique features are declared protected areas and
the territorial planning must take into account
the existence of them.

Together with the climate, the relief is the
main element for establishing facilities for
winter sports. By itself, the relief is the “object”
for some extreme sports such us climbing.

The use touristic potential must take into
account the geomorphological dangerness. The
avalanches, rock falls, stone torrents, landslides
are the most common processes.

The cultural and spiritual function usually is
associated together with other cultural and
spiritual manifestations. An example for
territorial planning is the spiritual function of
Athos Mountain or the Meteora Monastery. The
relief, also, could be source of inspiration for
artist, writers, painters, musicians.
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Preliminary data about sporadic permafrost

on Peristeri and Tzoumerka massifs
(Pindos chain, Northwestern Greece)

Giovanni PALMENTOLAl, Leonida STAMATOPOULOS?

Abstract: Inactive Rock Glaciers have been recognized and mapped on the Peristeri and Tzoumerka massifs, northern
Pindos chain, Northwestern Greece, at around 2.000 m in altitude. Because of the lack of conclusive elements for dating
them, with an inductive method we propose they could be chronologically attributed to the Dryas (17,000 — 14,000
years BP). Anyway, it must be noticed that Hughes et al. (2003) have dated back the RG found on Tymphi Mt, not very
far to the north from Peristeri and Tzoumerka, to the Last Glacial Maximum (Late Wiirm). We do not have data to

discuss or to disprove the proposal of those authors.

At the moment Peristeri — Tzoumerka represent the most southern permafrost landforms in Europe.

1. Geological
situation

setting and meteorological

The Pindos chain, extending from NNW to
SSE, constitutes the backbone of the Greek
peninsula, and is the largest mountain chain of
Greece. It constitutes the continuity of the
Dinaredes and therefore it is a part of the wider
system of the western Balkan Peninsula.

In this article, we present a census and
preliminary consideration concerning some
remains of  discontinuous  permafrost
recognized on two adjacent massifs, Peristeri
(also known as Lakmon) and Tzoumerka (also
known as Athamanion). They are situated
between 39°22'N - 39°43'N and 21°05'E -
21°15'E in the Epirus region, northwestern
Greece (fig. 1). The Lakmon group reaches the
maximum height on the Peristeri (2294 m),
Pyramida (2240 m), Giannaki (2184 m) and
Frougouras (2132 m) peaks. It is separated from
the Peristeri group by the valley of the
Kalaritikos River and it includes the highest
peaks of the northern Pindos, such as
Kakarditsa (2429 m), Chilia Exida (2254m),
Katafighi (2098m), Strogoula (2112 m),
Gerakovouni (2364 m), Sxismeno Lithari (2306
m), Katafidi (2393 m), Megalolivado (2199 m)
and Sklava (2088 m).
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From the geological point of view the region
is part of the “Ionian zone”, constituted by
Upper Eocene - Lower Miocene sedimentary
sequences, as well as part of the “Pindos zone”,
where Upper Cretaceous - Eocene sedimentary
sequences outcrop. In the southern part of the
studied area the formation of “Gavrovo zone” is
present, mainly constituted of Triassic - Upper
Eocene sedimentary sequences (Brunn 1956,
Aubouin 1959, Vakalas 2003).

The mean annual temperature ranges in the
area between 10.5 °C at Metsovo (1156 m a.s.l.,
north boundary of Lakmon) and 12.5 ° C at
Pramanta (835 m as.l., north side of
Athamanion).  The  minimum  absolute
temperature, —15.4 ° C, has been registered in
Metsovo during the second half of the last
century. At the weather stations around and
inside the Massifs annual amounts of rainfall
have been recorded, as follows: in Metsovo,
1486 mm; in Pramanta, 1683 mm; in Agnada
(660 m a.s.l.), 1577 mm; at Theodoriana (960 m
a.s.l.), 2562 mm; at Matsukion (1079 m as.l.),
1788 mm, and Mikro Peristeri (1040 m a.s.l.),
1315 mm. The number of days of total frost at
Metsovo has been of about 10 (Soulis 1994).

The upper limit of the forest is, at present, at
about 1700 - 1800m of elevation, depending on
the exposure.



18 Giovani PALMENTOLA, Leonida STAMATOPOULOS

2. Previous knowledge on periglacial traces
in Greece

Systematical studies of the periglacial features
in the study area do not exist.

According to  Sestini  (1935)  debris
accumulations of periglacial origin could be
observed from Albania and southwards along
the Epirus chain until Acarnania not far from
the gulf of Patras, as well as in some lonian
Islands. The author does not specify which kind
of landforms are present there.

Mistardis (1935, 1937c), used, for the first
time in Greek literature, the term Rock Glacier
in his “Geomorphologic research in NE Epirus”.

Afterwards, a relict Rock Glacier has been
noticed (Pechoux, 1970) on Mount Parnassus,
southern Pindos chain, not far from its highest
peak, Liakoura (2450 m) at an altitude of about
1950m. The author correlated this RG with
adjacent moraines, and suggested a wiirmian age.

As far as Lakmon and Athamanion massifs
are concerned, traces of relatively recent frost
events are noticed by Hagedorn (1969) on the
higher surfaces of the last one, where at around
1800m of altitude he observed very diffuse
remains of gelifracted and ice transported
debris, in the form of talus cone.

Hughes et al. (2003) have recently carried out
periglacial research on the Tymphi massif, not
far to the north from Peristeri and Tzumerka.
There, the authors studied and mapped relict
and inactive Rock Glaciers preserved in some
glacial shaped cirques. These remains (RG)
represent evidences of sporadic permafrost
during a relatively recent cold-stage in an area
which  shows widespread evidence of
Pleistocene glacial activity. According to the
authors, it is likely that these features have been
built during or at the end of the maximum of the
last Great Glacial Expansion (Late Wiirm),
about 21,000 — 22,000 years BP.

This hypothesis is coherent with the suggested
chronology proposed by Smith et al. (1997) for
similar remains found on the Olympus Mount,
in eastern Greece. The authors pointed out that
the periglacial unit has been probably
constructed during a periglacial cold-dry
climatic regime, maybe during the early -
middle Pleistocene.

3. Peristeri-Tzoumerka Rock-Glaciers

Rock glaciers are debris masses containing,
when active, underlying or widespread internal
ice, which slowly creep down slope. On the
Peristeri and Tzoumerka massifs 14 of these
forms have been found and studied, all
characterized by the same or similar lithology.

Recognized and mapped RG are extensive
and enough well preserved. Their main
characteristics are summarized in Table 1, and
their location is shown in Fig. 1.

The more voluminous RG are exposed to the
north and north-east (Fig. 2; Table 1), where
slopes are less warm because exposed to coldest
and arid air masses arriving from the north —
north-west. Probably the scarcity in RG on the
slopes towards south and west could be due to
the effect of the Phoen, and also to the fact that
along the western side of the chain cold masses
from north-east meet the warm ones from the
Mediterranean area, which rapidly increase the
temperature.

Fig. 3 and Table 1 show that the length of
each RG increases between 250 and 2500m, as
well as that they are located at an elevation
between 1330 and 2080m. The relationship
between length and maximum altitude of each
of the RG is synthesized in Fig. 4, where it can
be noticed that their length is not connected
with their position in altitude, so that the longest
ones are placed at around 1800 m a. s.l.

On the other hand, the exposition appears to
have strongly influenced the length of the RG,
in such a way that the greatest and longest ones
have been found onto slopes exposed towards
NNE and N (Fig. 4).

The inclination of the surface underlying each
RG as well as the extension in altitude of each
tributary surface have also been studied (Fig. 5);
it can be noticed that all studied rock glaciers
are located not far from the best-fit line, except
for the RG n° 11. In general the situation
confirms that the dimension and the length of
rock glaciers increase progressively with the
extension of the over hanging tributary surface.

Regarding the slope gradient, the greatest
concentration of rock glaciers is correlated to
slopes of between 12% and 30%, while the
longest ones are on slopes of 12% to 38% (Fig.
6). Greater dips do not seem suitable for the
formation and activity of rock glaciers.
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Concerning the age of the studied Rock
Glaciers, there are not conclusive elements for
dating them precisely. Consequently, we are
obliged to wuse an inductive method,
successfully utilized for inferring the age of
rock glaciers found in the Albanian Alps by
Palmentola et al. (1995). This kind of approach
starts from the knowledge that RG are and were
active where the mean annual temperature
is/was of about —2°C. Based on the sea level
paleo-temperatures (Emiliani, 1955; Ryan 1972;
Thiede, 1978) and knowing the present day
altitude of the —2°C isotherm, we can calculate
that RG have been active when sea level

temperature was about 6°C - 7°C lower then
today. The result of this operation permits to
suggest that RG on the Peristeri and Tzoumerka
massifs could be referable to a period of time
between 17,000 and 14, 000 years BP, Dryas
period, which probably represents the most
recent large-scale cold-climate in the region.

A different chronological supposition,
proposed by Hughes et al. (2003), which
attributes RG found on the Mt. Tymphi, in the
northwestern part of Greece, not very far from
Peristeri, to the Last Glacial Maximum, 21,000 —
22,000 years BP, could also be taken into account.

Tableno 1

Location and essential data about Rock Glaciers on Peristeri and Tzoumerka massifs

(9]

Rock glacier
Location

Max
altitude

(m)

Min
altitude
(m)

Length
(m)

Width
(m)

Exposure

R. G.
Slope
(%)

Tributary
Surface
Extension

(m)

Tributary
Surface
Slope
(%)

Peristeri
39°41'36"
21°08' 06"

2000

1780

750

500

38

120

60

Spana
39°41' 10"
21°06' 28"

1830

1720

1000

250

12

300

33

Diamandi
39°41'36"
21°07' 00"

1940

1800

800

300

15

400

35

Asprovrisi
39°40' 00"
21°07'45'

2080

2000

250

400

SE

16

150

53

Piramide
39°39' 36"
21°07'45'

1960

1840

550

250

NW

38

500

32

Megas Trapos
39°39'44"
21°08' 02"

1980

1920

400

250

ENE

20

400

21

Suflomiti
39°38' 11"
21°09' 00"

2000

1860

500

250

28

40

50

Baros
39°37'23"
21°09' 49"

1780

1690

250

100

40

300

21

Lakkos
39° 35" 44"
21°12'01"

1890

1750

450

200

22

750

50

10

Splatura
39°33' 34"
21°12'45"

1800

1690

900

400

28

800

11

Kokkinovrisi
39°29' 16"
21° 13'45"

1800

1500

1500

450

NNE

21

600

36

12

Neraida
39°28'01"
21°12' 24"

1540

1330

450

200

ESE

30

750

60

13

Sclava
39°24' 13"
21°09'48"

1880

1820

500

250

12

650

23

14

Sclava
39°23'55"
21°10' 44"

1800

1760

250

200

ENE

30

300

23
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Figure 1. Location map of the investigated area and position of the Rock Glaciers found
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Conclusion

Researches on Peristeri and Tzoumerka
massifs, in the northern Pindos chain, allowed
the recognition of several remains of sporadic
permafrost, represented by lobate rock glaciers
with a great variety in size and shape (Fig. 7).
Most of these landforms are exposed towards
north and north-east. Their lengths result not to
be in relation with altitude; so that the longest
have not the most elevated position (they are
located at around 1800m a. s. l). On the
contrary, the exposure appears to have
decisively influenced their length. The greatest

The necessary environmental conditions for
their origin and activity, very difficult to
calculate, could be found at about 21 000 — 23
000 years BP, according to Hughes et al. (2003)
who referred rock glaciers on Mount Tymphi to
the Last Glacial Maximum, or at about 14.000 —
17.000 years BP according to Palmentola et al
(1995) who referred RG found on the Albanian
Alps only to the Dryas.

Anyway, Rock Glaciers on the Peristeri and
Tzoumerka massifs represent the southernmost
permafrost landforms until now recognized and
mapped in Europe, apart from one similar

remain noticed by Pechoux (1970) on the

concentration of rock glaciers has been found .
Parnassos massif.

where slopes dip between 12% and 30%,
while the longest are on slopes of 12% to 38%.
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Geomorfologie aplicata in zona urbana a municipiului Cluj-Napoca

Virgil SURDEANU, Dana GOTIU, loan RUS, Andreea CRETU

Keywords: applied geomorphology, slope susceptibility, geomorphic risk, Cluj-Napoca

Applied Geomorphology in the Residential Area of Cluj-Napoca. The last decades were characterized by an
increased interest in applied geomorphology mostly due to a rapid growth of the urban areas and to the problems they
imply. In this respect we aim to determine the landslide susceptibility of the slopes connected to inhabited areas in the
Cluj-Napoca. The results will be used to optimize the planning of this area.

1. Introducere

In ultimele decenii importanta geomorfologiei
aplicate a crescut in relevantd pe masurd ce a
sporit implicarea umand 1In modificarea
peisajelor naturale, omul transformandu-se in
factor major de impact asupra mediului.
Stabilirea  susceptibilitatii versantilor  la
alunecdri de teren, in special in zonele urbane
aglomerate, reprezintd un demers de stringenta
necesitate. Scopul studiului de fata il reprezinta
versantilor la alunecdri de teren in scopul
integrarii in strategiile de planning urban. Se are
in vedere ca rezultatele sa fie folosite in scopul
utilizarii optime si adecvate a formelor de relief

si proiectdrii unor spatii de locuit 1In

concordantd cu realitatile teritoriale.

2. Caracterizarea fizico-geografica a
arealului de studiu

Zona investigata este situatda in nord-estul
municipiului Cluj-Napoca, fiind cunoscuta sub
numele de Dealul Sf. Gheorghe. Acesta
reprezinta interfluviul dintre Valea Calda si
valea Chinteni, altitudinile sale coborand usor
dinspre vest spre est (dealul Fanatele Satului -
513 m; dealul La Pipa - 478 m). in spre sud se
deschide larg valea Somesului Mic ocupatad
astazi de unitati industriale (fig. 1).

Fig.1 incadrarea in teritoriu a arealului de studiu

Revista de geomorfologie —vol. 8, 2006, pp. 25-34
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Fig. 2 Profil geologic — arealul carierei Colina

2.1. Geologia

Foarte importante pentru amenajarile
preconizate a fi implementate in acest teritoriu
sunt entitatile litologice care apar la zi in zona.
Acestea sunt reprezentate de formatiuni:
paleogene (depozite de facies continental-
lacustru, alternante pe verticala cu depozite de
facies marin), neogene (depozite marine de
facies normal si salmastru), miocen superioare
si pliocen inferioare (faciesuri de apa puternic
indulcita).

Dupa colmatarea Lacului transilvan, in
pliocenul superior, depresiunea va evolua sub
actiunea modelatoare a agentilor exogeni.
Evolutia a fost marcata de entitati litologice de
tipul argilelor, marnelor, gresiilor, nisipurilor i
microconglomeratelor.

Depozitele cuaternare recente (deluvii, coluvii,
proluvii si aluviuni) sunt cantonate pe versanti, la
baza acestora si 1n albiile majore.

Forajele efectuate in partea de vest a zonei
investigate evidentiazd pentru partea superioard
a coloanei stratigrafice urmatoarele entitati:

e argila neagra de consistentd tare,
plasticitate mare si umiditate foarte mare;

e argila galbuie cu plasticitate mare si foarte
mare, consistenta vartoasa, compresibilitate
medie, saturati;

o nisip argilos si argila nisipoasa CcuU
plasticitate mijlocie, consistentd vartoasa,
compresibilitate medie, saturata;

e nisip prafos maroniu-galbui, argila
marnoasd §i marnd cenugie cuU plasticitate
mare si foarte mare, consistenta tare, saturata,

e depozite de terasa (T 4-6 m altitudine
relativd) ale Somesului Mic, reprezentate
prin pietrisuri in alternantd cu nisipuri si
argile (fig. 2).

Alternanta de roci permeabile §i impermeabile
este un factor favorizant pentru aparitia
alunecarilor de teren si a organismelor de
eroziune in adancime, aflate in diverse stadii de
evolutie.

2.2. Hidrologie si hidrogeologie

In cele 10 foraje executate in partea de vest a
zonei studiate s-au intersectat strate de apa
subterand, care, pe orizonturi discontinue, este
cantonatd la adancimi relativ reduse (0-6m in
argilele nisipoase superficiale), dar poate fi
interceptata si la adancimi mai mari. Sursa de
alimentare 0 reprezinta precipitatiile
atmosferice si izvoarele de versant.\Volumul de
apa inmagazinat si regimul de miscare al
acesteia nu pot fi determinate (nu se cunosc
morfologia si structura patului si a acoperisului
acvifer sau grosimea si volumul rocii care il
inmagazineaza).
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La baza versantului, stratul acvifer se
cantoneazd in depozitele aluviale de terasa ale
Somesului Mic, alimentarea acestora facandu-se
prin infiltratii din Somes.

In apropierea interfluviului se pune in
evidentd o linie de izvoare, de sub care incepe

organizarea unei retele de drenaj superficial
(Miklos et al., 2004).

2.3. Morfologia zonei

Zona de studiu face parte din Dealurile
Clujului, ce vin in contact cu lunca Somesului
Mic (cca. 320 m) cunoscuta sub denumirea Sub
Dealul Sf. Gheorghe. Contactul dintre aceste
unitati morfologice se realizeazad printr-un
abrupt cu altitudine relativa de 30-70 m, mascat,
la partea bazala, de un glacis deluvio-coluvial,
puternic disecat de organisme torentiale (incizie

de peste 25 m adancime), ce creeaza mari
disfunctionalitati in cazul unei amenajari.

Pentru surprinderea fizionomiei actuale a
versantilor luati in studiu s-au efectuat patru
profile (fig. 3-7).

Fig. 3 Amplasarea profilelor
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Fig.5 Profilul 2-2°
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Fig. 6 Profilul 3-3°
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Fig. 7 Profilul 4-4°

Versantul sudic al Dealului Sf. Gheorghe a
fost afectat de procese erozivo-denudationale de
tipul alunecarilor de teren si a organismelor
torentiale in diverse stadii de evolutie semnalate
in lucrari de specialitate din perioada precedenta
studiului nostru (Morariu, Mac, 1967).

Asupra morfologiei versantului s-a intervenit
in diverse perioade de timp, in functie de
destinatia datd de utilizarea sa economica,
predominant agricola.

2.4. Conditiile climatice

Urmadtoarele caracteristici sunt relevante pentru
comportamentul geomecanic al versantilor:
cantitatea maxima de precipitatii cdzuta intr-un
interval de 24 de ore (63,2 mm), intensitatea
maximd a precipitatiitlor (6.80 mm/min),
cantitatea medie de precipitatii (582.3 mm),
numarul mediu al zilelor cu precipitatii (139),
numarul mediu al zilelor cu precipitatii mai
mari sau egale cu 5 mm (33), temperatura
medie anuala (8,3°C), numarul zilelor de inghet
(124), numarul zilelor de vara (66), numarul
zilelor tropicale (11.5), dupa Cristea, Baciu,
Gafta (2002).
O analiza pe o perioadda de 40 de ani a
precipitatiilor atmosferice de la Cluj Napoca
(1961-2000) ne-a reliefat urmatoarele (Croitoru,
2005):
- frecventa ridicatd pe parcursul unui an a
perioadelor de trei zile consecutive de
ploaie (9,4 perioade);

- sunt frecvente si perioadele de patru zile
consecutive cu ploi (5 perioade);

- s-ainregistrat cel putin o perioada de sapte zile
de ploi consecutive.

2.5. Utilizarea terenurilor

Harta utilizarii terenurilor a fost realizata
utilizand programul CORINE pe fotograme

satelitare de tip LANDSAT. Analizdand modul

de folosinta al terenurilor (fig. 8) se observa ca:

- in partea de vest au extensiune mare
plantatiile de pomi fructiferi si terenurile
arabile;

- in apropierea Somesului Mic sunt suprafete

extinse ocupate de unitati industrial-
comerciale;
- arealul rezidential, pozitionat la baza

versantului, are dispunere discontinua;

- padurea, situatd in partea de est (dl. La
Pipa) ocupa o suprafata redusa;

- in partea superioara a versantului exista
suprafete restranse destinate pasunatului.

3. Impactul antropic in arealul Dealului Sf.
Gheorghe si implicatiile sale geomorfologice

Zona investigatda  a suportat, in timp, o
remodelare antropica (amenajiri de terasete
agricole) cu scopul «stergerii» unor denivelari
cauzate de procese erozionale si de miscare in
masa (alunecdri de teren) mai vechi.

In partea de est, spre dl. La Pipa, s-a efectuat
o remodelare a retelei de drenaj, cu scopul de a
se elimina excesul de umiditate si de a dirija
controlat apele pluviale. S-au construit drenuri
si canale betonate a caror functionalitate este
astazi necontrolabila.

Intre altitudinile de 420-425 m si 450-470 m,
substratul (nisipuri, gresii, tufuri vulcanice) a
permis sustinerea unei trepte structurale, relativ
bine drenate, pe care s-au remodelat noile
organisme de drenaj (ogase). Tot aici, pe
suprafete relativ extinse au fost posibile tasari
ce au permis acumulari temporare de ape
pluviale si aparitia de arii cu procese de
inmlastinire. Intre altitudinile de 450-470 m se
realizeaza initierea tuturor organismelor din
Zona.
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UTILIZAREA TERENURILOR (CORINE)

zona urbana discontinua
unitati industrial comerciale

D zone construite

rl spatii verzi din domeniul urban

. teren arabil neirigat

E plantatii de pomi fructiferi

D pasuni

. complexe de culturi

. teren agricol cu importante zone de vegetatie naturala
[:] zone de padure nemorala temperata caducifoliata

‘ zone impadurite de tranzitie spre tufisuri

. cursuri de apa

Fig. 8 Modul de utilizare al terenurilor

In partea de vest, in imediata vecinatate a Vaii
Chinteni, se afld cariera de argild a fabricii de
caramida. Aceastd carierd, deschisd in anul
1920, a functionat pana in anul 1992.
Deschiderea exploatdrilor de argild in cadrul
carierei COLINA a dus la formarea a doua
taluze de 20-40 m indltime, cu pante de
aproximativ 35°. Exploatarea propriu-zisa si
adancirea vetrei carierei spre sud au dus la
subminarea bazei versantului si la declansarea
unor deplasari in masa, la formarea unui glacis
deluvial (dizlocare gravitationala de material).

Sterilul amplasat in aval de strada Fanatelor
se constituie ca o suprasarcind geologica care
influenteaza procesele de autoreglare ale
sistemului  versant. Acest steril determina
supraumectarea areald prin rolul sau de stocator
temporar de apa pluviala deregland sistemul
natural de drenaj.

Dinamica proceselor de alunecare din zona
carierei de argild a fost acceleratd si de traficul
intens efectuat pe strada Fanatelor (situatd in
vestul si nordul teritoriului carierei) si a lipsei
rigolelor de evacuare a apelor pluviale ce vin de
pe versantii din amonte. Amenajarile efectuate
au cauzat un «amestec» de depozite superficiale
si rocd in loc, care a ingreunat tranzitul de ape
pluviale.

Pentru = amenajarile  actuale, problema
comportamentului geotehnic in carul acestui

areal trebuie tratata cu mare atentie. De la
ultimele amenajari i pana 1n prezent aria
investigatd a fost modelatd de procese de
eroziune 1n suprafatd (mici rigole si ogase),
eroziune torentiald si alunecari de teren.

In partea de SV a zonei, datoritd numeroaselor
organisme torentiale, se mentine un grad ridicat
de instabilitate. in imediata vecinitate a unor
culmi interfluviale, intre altitudinile de 410-
420 m, au fost practicate gropi de imprumut,
in orizonturi de gresii-trovanti §i pietrisuri
sarmatice. Acestea au facilitat ulterior stagnarea
apelor pluviale (arii cu exces de umiditate si
chiar mici lacuri) si au favorizat aparitia de
alunecdri de teren §i initierea de organisme
torentiale.

Incepand de la altitudinea de 470 m spre
cumpana de ape (aria cu pasune si tufisuri fig. 8)
apare o recrudescenta a proceselor de alunecare
(alunecari superficiale si medii profunde, pana
la 5 m), a caror zone de desprindere, dedublate,
se pozitioneaza la 480 m prima si 495 m, cea
de-a doua. Aceasta treapta altitudinala, cuprinsa
intre 470 m si cumpdna de ape, trebuie tratata
cu atentie, fiind posibild o recrudescenta, la
scard extinsd, a procesului de alunecare si o
multiplicare a organismelor torentiale. Zona
interfluviald nu ridica probleme deosebite sub
aspectul proceselor de modelare.
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4. Susceptibilitatea versantilor la procesele
geomorfologice

Declansarea proceselor de versant std sub
semnul factorilor extrinseci (de cele mai multe
ori de procese erozivo-denudationale sau
activititi antropice) si Intrinseci (presiuni
interstitiale dupa ploi de lungd duratd si in
cantitati suficiente; perturbari ale cuverturii de
depozite superficiale; schimbari survenite in
proprietatile fizico-mecanice ale depozitelor
remodelate).

in declansarea si dinamica proceselor care
concura la aparitia starilor de instabilitate nu se
poate vorbi de o cauza unicd, ci de un complex
de cauze. Intre cauzele naturale, aspectelor ce
tin de constitutia terenului (tratate la capitolul
privind geologia regiunii), li se adauga relieful
preexistent, care, prin atributele sale, poate
favoriza sau impieta demersul specialistilor in
planning.

In aria investigati formele structurale
(platouri si reversul de cuesta — spre Valea
Calda) si frontul de cuesta (spre Somesul Mic)
dau caracteristica dominanta. In ceea ce priveste
relieful preexistent cétiva indicatori cantitativi
devin relevanti in amenajdrile de orice tip.

4.1. Geodeclivitatea

Reflecta praguri limita pentru declansarea unor
procese erozivo-denudationale, pe de o parte, si
pretabilitatea  terenului  pentru  anumite
amenajari, pe de altd parte. In arealul de studiu
domina inclinarile cu valori de 2-6° si de 6-17°,
favorabile dezvoltarii organismelor torentiale si
alunecarilor de teren (fig. 9). Cele mai
accentuate inclindri (pante mai mari de 17°)
sunt in partea de S-SV a zonei si in imediata
vecindtate a cumpenei de apa (zona de
desprindere a alunecarilor).

4.2. Fragmentarea orizontala a reliefului

In zona centrald a ariei estice investigate se
remarcd o piatd de adunare a apelor; in acest
sens sugeram o remodelare convenabild
scopului propus si o dirijare a acestora spre un
colector situat la baza versantului (fig. 10).

In cazul unui management defectuos al
acestui aspect, situatia poate deveni critica, prin

cresterea numarului de colectori (ogase si
torenti) si incizia pe unitatea de suprafatd poate
creste.

4.3. Adidncimea fragmentarii

La scara mare, pentru intreaga fatada sudica a
Dealului Sf. Gheorghe, adancimea fragmentarii
capata valori cuprinse intre 50 si 150 m/km?
(fig. 11).

La scara mica (1:2000) adancimea
fragmentarii este cuprinsa intre 10 si 20 m/ km?
ceea ce mareste gradul de precizie si, implicit,
este in avantuajul amenajistilor.

4.4. Orientarea versantilor

Cumpdna de ape face demarcarea clara intre
expozitia versantilor din grupa nordica (NV, N,
NE) si cea sudica (SV, S, SE).

Cea mai extinsd grupa este cea sudica, unde
ciclurile de umezire — uscare si cele de inghet —
dezghet au o frecventd mai mare si pot creea
probleme deosebite sub aspect amenajistic,
gratie prezentei argilelor contractile s1 a

comportamentului acestora la astfel de stari
(fig. 12).

4.5. Gradul de umbrire

Raporturile stabilite intre clima si litologie sunt
foarte importante din punctul de vedere al
stabilirii vulnerabilitatii.

Datorita caracteristicilor sale fizico-chimice
substratul reactioneaza la fluxul ridicat de
radiatie receptionat prin aparitia de crapaturi ce
determina infiltrarea mai rapida a apei.

Variatiile termice diurne si ciclurile de inghet —
dezghet afecteaza patura superficiala determinand
contractari si dilatdri ale acesteia. Reteaua de
crapaturi formata permite aparitia unor
organisme torentiale pe suprafetele cu pante
mari si lipsite de vegetatie.

Gradul mare de torentialitate al ploilor din
sezonul cald accentueaza activitatea organismelor
torentiale si favorizeaza spaldrile in suprafata.

Tot in sezonul cald procesele de miscare in
masa au conditiile cele mai predispuse la
declansare. Sezonul rece, caracterizat de
precipitatii reduse, asigurd umiditate suficientd
pentru intretinerea unei dinamici reduse.
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Orientarea versaniilor

Fig. 13 Harta gradului de umbrire a versantilor

5. Analiza susceptibilitatii versantilor

Analiza desfasuratd indicd o clard predispozitie
catre deplasarile in masa, spalarile in suprafata
si dezvoltarea organismelor torentiale.

in functie de grosimea pe care alunecirile de
teren afecteaza substratul in zona carierei de
argila, se pot distinge alunecari superficiale, ce
presupun costuri mici de stabilizare si alunecari
medio-profunde.

S-a estimat ca volum potential de a fi
mobilizat de alunecarile de teren aproximativ
1.000.000 m°. Din acesta in anii 2004-2005 s-au
pus in miscare 496.400 m>. Mare parte din
acest volum de material este relocat pe
banchetele amenajate in anii Succesivi si numai

aproximativ. 15.000 m® au fost scosi din
subsistemul versant si relocati pe terasa de 4-6
m a raului Somesul Mic.

Lucréarile de amenajare de banchete au facut
posibila o crestere a dinamicii alunecarilor dar
si o accelerare a eroziunii torentiale si in
suprafata.

In functie de gradul de susceptibilitate, de
stadiul de evolutie al proceselor de modelare si
prin analiza interconditionarilor dintre procese
si indicatorii cantitativi ai reliefului, climat,

hidrogeologie, s-au identificat urmatoarele

areale de risc natural (fig. 14):

a. zone cu risc foarte mic suprapuse
interfluviilor;
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b. zone cu risc mic; o
C. zone cu risc mediu: pentru ca tinde spre 0 e
stare de echilibru si fiind o arie in care

efectele amenajarilor anterioare au fost o
benefice;

d. zone cu risc mare: situate in vecinatatea
culmilor interfluviale;

e. zone cu risc foarte mare: unde procesele se
afla 1n stare activa.

Concluzii

In vederea reducerii riscurilor se pot efectua o
serie de lucrari de stabilizare. Aceastea se pot
realiza prin:

LEGEMDA ‘,L

[ chem
[ \".
[ rime masin

T risemene \

I etz frone man

extinderea lucrarilor de terasare;
amenajarea de taluze sau remedierea celor
deja existente;

construirea de rigole noi si reactivarea celor
vechi, pentru colectarea apei provenite din
precipitatii (pentru a reduce la minim
eroziunea arcald);

lucrari de gospodarirea apelor (atat pentru
colectarea apelor de suprafata cat si pentru
captarea si evacuarea apei subterane);

lucrari de ecologizare (asternerea unui strat
de sol, 1n ariile cu roca la zi, Inierbarea sau
plantarea de specii adaptate substratului si
topoclimatului).

¥ I Risc foarte mic

Fig. 14 Harta susceptibilitiitii la alunecari de teren pentru zona I (A) si 11 (B)
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Restructurari plan-spatiale in evolutia recenta a albiei
Crisului Repede
(intre Ciucea si Oradea)

D. PETREA?, I. RUS!, Rodica PETREA?

Abstract: Spatial Restructurations in the Recent Evolution of the Crisul Repede alluvial Channel. The analysis of
several cartographic documents, of satellite and radar sceneries containing the main spatial features of the alluvial
channel of the Crisul Repede river (north-western Romania) represented at different successive temporal referential
stages (topographic maps drawn up in 1967, and respectively 1996, satellite and radar sceneries taken in 2000 and
2002) allowed us to determine certain and significant changes within the morphodynamic status of the river. These
changes are emphasized through the spatial migration of meandering sectors, accompanied by the scroll bars as well as
the erosion river banks sectors migration, the growing rate of the braiding process within the alluvial channel and so on.
The present study is focused on the causal explanation of the different spatial restructuration of the river’s alluvial
channel configuration. This quality proves to be an expedite and useful approach to the identification of the main causes
which determine the spatial variability of its pattern. The comparison of the mentioned maps and sceneries revealed the
following significant aspects: 1. the growing tendency of the braiding process in the alluvial channel morphodynamics
as a consequence of the spectacular increase of the solid discharge rate determined, in turn, by the severe deforestation
that has taken place recently in the main basins of the Crisul Repede tributaries (Dragan and lada rivers); 2. the
development of the anthropic delta at the top of Lugasu de Jos-Tileagd lakes; 3. the strong degradation process that
occurs downstream of the Tileagd dam, foregrounded mainly in the deepening of the alluvial channel. All these changes
can threaten the stability and security of the banks, bridges, railway and highways that follows the river’s course.

I. Constatari preliminare

Evolutia recentd sub aspect morfodinamic a
albiei minore a Crisului Repede a inregistrat
mutatii sensibile concretizate in deplasarea
sectoarelor de eroziune si de acumulare,
concomitent cu migrarea meandrelor, amplificarea
proceselor de impletire s.a., transformari
concretizate in modificarea configuratiei patului
aluvial, a caracteristicilor malurilor si implicit a
relatiilor de interactiune instalate de-a lungul
cursului in context teritorial. Acest proces,
firesc in fond in evolutia oricarui sistem fluvial,
a fost considerabil diversificat de interventiile
antropice de amploare ce au survenit in cadrul
bazinului hidrografic indeosebi in ultimele patru
decenii.

Scopul prezentului studiu este de a preciza
natura modificarilor mai semnificative survenite
in distributia plan-spatiald a principalelor
elemente morfologice ale albiei in vederea
precizdrii tendintelor de evolutie ale cursului si
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a efectelor acestora asupra scurgerii, stabilitatii
malurilor, elementelor de infrastructura,
vetrelor de asezari s.a.

Pentru surprinderea principalelor tendinte
evolutive, instalate la nivelul albiei actuale
desfasurate intre Ciucea si Oradea se impune
luarea in considerare a multitudinii de
circumstante care determina intrdrile energetice
si conditiile de limitd ce intretin procesele de
albie. Intre acestea primeaza urmatoarele:

1. Natura si amploarea modificarilor antropice
induse in evolutia albiei prin intermediul
lucrarilor de amenajare directd a cursului:
rectificart de meandre, indiguiri, drenuri,
consolidari de maluri etc.;

2. Evaluarea schimbarilor survenite in regimul
de scurgere prin intermediul regularizarii
(scurgerii controlate) volumului de apa
acumulat in retentii;

3. Determinarea modificarilor generate in albii
prin acumularea efectelor de prag induse
antropic prin intermediul barajelor de
acumulare;
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4. Surprinderea unor tendinte evolutive clar
conturate in conditii ce nu stau sub incidenta
unui control antropic vadit si relationarea
acestora cu alte cauze (geofizice, tectonice,
hidraulice, caracteristicile depozitelor de
albie, tipul de debit solid transportat s.a.).

5. Urmarirea efectelor pe care le determina
interventiile antropice legate de exploatarea
materialelor in balastiere s.a.

Desigur, trebuie avut in vedere faptul ca
ponderea  acestor  conditiondari  variaza
considerabil de la un sector la altul precum si
aspectul ca ele se combina efectiv, cel putin pe
anumite sectiuni din cadrul sectoarelor, intr-0
manierd substantialda. Totusi, tindnd seama de
natura §i amploarea interventiilor antropice
exercitate asupra scurgerii si asupra albiei
propriu zise, intre Ciucea §i Oradea se pot
diferentia trei sectoare distincte:

1. Sectorul Ciucea-Vadu Crisului, aferent
defileului, in care tendintele de schimbare
sunt la prima vedere relativ putine si
modeste ca amploare datorita controlului
exercitat  prin  intemediul  factorilor
structural-petrografici (indeosebi malurile
de tip coeziv). Cu toate acestea, contrar
asteptarilor (cu atdt mai mult cu cat
incepand cu anul 1973, odatd cu intrarea in
exploatare a sistemului hidroenergetic lada-
Drigan, scurgerea a intrat In regim
“controlat”) sectorul de defileu inregistreaza
frecvente i ample modificari  ale
configuratiei albiei a cdror naturd §i cauze
vor fi abordate in cele ce urmeaza;

2. Sectorul Vadu-Crisului-Lugasu de Jos,
caracterizat prin interventii  antropice
punctuale (balastiere) fara a constitui
obiectul unor lucrdri sistematice de
amenajare prin indreptari de curs si
indiguiri;

3. Sectorul Lugasu de Jos-Oradea, care a
constituit obiector celor mai ample lucrari
de interventiec asupra albiei, atit prin
rectificari ale cursului raului, cat si prin
lucrarile aferente acumularilor de la Lugasu
de Jos si Tileagd; in cadrul acestuia se
diferentiazd net subsectorul lacustru in
raport cu cel aferent albiei antropizate in
care vechiul curs, ce dreneaza debitul de
servitute, este insotit de un canal artificial

betonat prin care se evacueaza volumele de
apa uzinate.

I1. Aspecte metodologice

In vederea surprinderii si diferentierii
tendintelor amintite, in principal a celor ce
determina restructurarile plan-spatiale ale albiei,
S-a urmdrit evaluarea mutatiilor realizate
preponderent prin intermediul proceselor de
meandrare laterald si a celor de Tmpletire a
albiilor. Sub aspect metodologic, abordarea
preliminara s-a sprijinit pe analiza comparativa
a unei serii de documente cartografice
disponibile, pentru sesizarea configuratiei
retelei hidrografice si a mutatiilor survenite in
timp, incepand cu anul 1969.

Desigur, s-a pornit de la premisa ca
documentele cartografice, elaborate la diferite
momente si prin diferite tehnici, au reflectat
realitatea din teren cu maxima fidelitate.

In alta ordine de idei, scenele satelitare
constituie o sursd de informatie a cdrei acuratete
nu poate fi pusa la indoiald. Eliminandu-se
factorii subiectivi de analiza s-a ivit problema
compatibilizarii formatelor. Pentru reducerea la
minimum a erorilor metrice, toate formatele au
fost reproiectate in sistemul de proiectie UTM
(Universal transversal Mercator, sprijinite pe
WGS 84) deoarece scenele satelitare utilizate
(Landsat TM7+, Landsat ETM7+, Aster) se
sprijind pe acest sistem de proiectie si o parte
din harti (UTM 1996) de asemenea sunt
realizate in acelasi sistem. Prin urmare, numai
formatele Gauss 1967 au necesitat reproiectare.
In acest mod analiza este credibila reducandu-se
la O erorile probabile. Operatiile de reproiectare
amintite au fost realizate prin intermediul
pachetelor de software Erdas 8.6, Global
Mapper 7.3 si ArcView 3.2. In vederea
abordarii problemelor de altimetrie (de ex.
profilele longitudinale) s-a lucrat pe modelul de
elevatie (DEM) generat din scenele satelitare
SRTM (Shuttle Radar Mission Topography,
NASA, 2002).

Restructurdrile plan-spatiale surprinse in
evolutia dispunerii albiei si a morfologiei
acesteia, determinate initial prin compararea
starilor consemnate la momente diferite de timp
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pe suporturile cartografice si imagistice, au fost
estimate calitativ si cantitativ si apoi au fost
confruntate cu realitatea existenta in teren.

I11. Principalele conditionari naturale si
antropice implicate in evolutia albiei

Conditiile fizico-geografice in care se realizeaza
drenajul in bazinul hidrografic al Crisului
Repede au constituit obiectul a numeroase
studii de ordin fizico-geografic, geologic,
climatic si hidrologic. Chiar daca multe dintre
concluziile acestora s-ar dovedi utile studiului
de fatd, ne limitam la a evidentia conditiondrile
majore care influenteaza scurgerea in bazinul
hidrografic.

In sectorul de defileu, adancirea epigenetici a
raului in substratul calcaros este reflectatd de
formarea unei albii rezistente cu meandre
incatusate. Panta de curgere mult mai mare fata
de ariile depresionare din amont si din aval
explicd tendinta generala de eroziune in
adancime. Panta albiei minore are valori de 4.53
%0 (fig. 1) in sectorul de defileu iar in
Depresiunea Vad-Oradea de 2.5 %o. Sectoarele
in care se realizeaza  cresterea ponderii
eroziunii laterale si a proceselor de acumulare
se situeaza, de regula, in aval de locurile de
varsare a afluentilor (de unde conurile aluviale
sunt Indepartate periodic de catre viituri) si, mai
ales, in ariile de largire, corespunzatoare micilor
bazinete depresionare (Ciucea, Negreni, Bucea,
Bratca).

In aval de Vadu Crisului pana in proximitatea
localitatii Auseu poate fi semnalatd ruptura de
panta corespunzatoare conului aluvial al
Crisului Repede ce se extinde mult spre nord-
vest odatd cu iesirea din defileu. Daca facem
abstractie de valoarea respectiva, impusd prin

desfasurarea conului aluvial (in medie de 5,4 %o),
panta albiei minore se diminueaza considerabil,
la numai 1.9 %o, valoare fireascad pentru un
sector de curs inferior (fig. 1). In aceste conditii,
este de presupus cd in sectorul de defileu
transportul aluvionar este deosebit de activ in
timp ce in sectorul Vad-Oradea sunt dominante
procesele de aluvionare si transport. Pe sectorul
de drenaj corespunzator conului se remarca
frecventa mai mare a fenomenului de impletire.

In schimb, in aval de Alesd, unde afluentii de
dreapta ai Crisului Repede au bazine de drenaj
grefate in materiale friabile (indeosebi argile
marnoase, marne §i nisipuri pontiene) si sunt
puternic despadurite, debitele sunt in crestere.
Aportul marit de materiale fine furnizate de
procesele active de degradare a versantilor,
precum si diminuarea pantei albiei minore,
favorizeaza  accentuarea  proceselor  de
meandrare a cursului.
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Fig. 1 Profil longitudinal pe Crisul Repede intre
Ciucea si Oradea

Cu privire la marimea intrarilor in sistemul
fluvial, prelucrarea datelor referitoare la debitul
lichid pentru intervalul 1931-1974, realizata de
catre A. Posea (1977), indica valoarea de 24. 2
mc/s la statia Oradea. Datele mai consistente

disponibile  pentru  perioada  1950-1974
precizeazd urmadtoarele valori medii ale
debitului lichid anual (tabelul 1):

Tabelul nr. 1

Debitul mediu lichid pe raul Crisul Repede (1950-1974, dupd Aurora Posea, 1977).

Raul Statia hidrometrica Perioada Debitul m(er(:]l:l;sr)nultlanual
Crisul Repede Ciucea 1950-1974 11.9
Crisul Repede Vadu Crisului 1950-1974 20.4
Crisul Repede Oradea 1950-1974 24.2
Prelungirea perioadei de estimare prin  anului 1990 (de catre Vancea V., 1991) indica o

prelucrarea datelor existente pand la nivelul

usoara crestere a valorilor medii ale debitului
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lichid explicabila prin aportul corespunzator
viiturilor din 1970, 1974, 1977 si 1981.

In conditiile regimului natural de scurgere,
debitele de apa variaza in cursul anului de la un

anotimp la altul si in timpul anilor de la un an la
altul. Scurgerea medie multianuald procentuala
cea mai mare are loc primavara (intre 40-43.4%)
si cea mai mica toamna (intre 11-12%, tabelul 2).

Tabelul nr. 2
Caracteristicile regimului de scurgere a raului Crisul Repede 1950-1990
(dupa V. Vancea, 1991, modificat)
Caracteristicile scurgerii in Sectiunea de calcul
regim natural Oradea Vadu Crisului | Ciucea
Nr.crt. 1 2. 3. 4,
1. Debite medii multianuale (mc/s) 25.7 21.3 12.4
2 Debite medii anuale in anii secetosi 9.96 8.45 4.97
) (1961,1990; mc/s) 12.7 11.4 3.24
3 Debite minime Inregistrate (mc/s) 0.800 0.680 0.600
) 1961 1954 1950
4 Debite maxime inregistrate (mc/s) 820 750 388
) 1932 1932 1932
5. Volume medii multianuale (mil mc) 795.800 678.000 388.800
Scurgerea procentuala I 26.9 25.3 20.4
6 sezoniera (%) P 41.1 40.3 43.4
’ \Y 21.0 22.4 42.2.
T 11.0 11.7 12.0

Informatiile referitoare la debitele solide se
bazeazd pe masuratorile efectuate in perioada
1954-1974 la statiile Oradea si Ciucea in
vederea determindrii aluviunilor transportate in
suspensii. Valoarea medie multianuald a
debitului de aluviuni in suspensie a fost de 2.40
kg/s la Ciucea si de 8.40 kg/s la Oradea.

Neindoielnic, aceste variabile hidrice au
inregistrat in ultimele trei decenii sensibile
modificari cantitative determinate de
schimbdrile substantiale presupuse de lucrarile
de amenajare complexad a bazinului hidrografic
al Crisului Repede. Primele lucrdri de
regularizare a cursului au inceput in anul 1965
si au constat Tn acumulari nepermanente de
mica capacitate (pand la 1.5 mil. mc) destinate
atenudrii viiturilor pe o parte dintre afluenti.

Lucrarile hidrotehnice de amploare, ce au
antrenat la randul lor modificari substantiale si
in morfodinamica albiilor, au demarat dupa
1970  (in  conformitate cu  prevederile
Programului national pentru gospodarirea
cursurilor de apd) si au fost executate avand la
baza Schema cadru de amenajare a bazinului
hidrografic al Crisului Repede prin construirea
de baraje, calibrari de albii, derivatii, lacuri de
acumulare pentru regularizarea scurgerii etc.

Acumularea Lesu, de pe Valea ladei, a fost datd
in exploatare in anul 1973, avand o capacitate
de 28.3 mil. mc de apa la N.N.R. In anul 1984 a
fost pusa in exploatare acumularea Dragan, de
pe valea omonima, avand o capacitate de 112.0
mil mc. In sfarsit, in anul 1988 a fost pus in
functiune complexul de acumulari de pe Crisul
Repede ce include trei acumulari, dispuse in
trepte: Lugas, cu un volum de 65.4 mil mc.,
Tileagd (finalizata in 1989) cu un volum de
52.9 mil. mc. si Fughiu, mai redusa, cu rol de
atenuare a fluxurilor rezultate prin uzinarea apei
in centralele din amonte. La acestea se adauga
si numeroase alte acumuldri mai mici avand
functii de priza pentru transfer debite sau numai
de atenuare a viiturilor si a tranzitului de
aluviuni (Sacuieu, Bulz, Apateu, Hidiselu de
Sus s.a.).

Datele acumulate ca urmare a masuratorilor
efectuate dupa 1990, desi nu au inca o lungime
satisfdcatoare pentru a constitui un sir statistic
bine conturat §i nu au fost calibrate, surprind
indeajuns de veridic principalele mutatii
survenite Tn regimul scurgerii si care explica, in
bunad parte, principalele modificari survenite
recent in dinamica si morfologia albiei Crisului
Repede.
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Fig. 2 Evolutia valorilor debitului solid (1990-2005)
inregistrate la statiile Ciucea si Oradea

Astfel, se remarca in primul rand cresterea
exceptionald a valorilor medii ale debitului
solid inregistrate incepand cu anul 1995 la statia
Ciucea. Opiniem ca respectivele valori (de ex.
16.2 kg/s/1996; 17,3/1997 s.a.) ce depasesc cu
mult valoarea medie anuala de 2,40 kg/s (1950-
1974) semnificd depdsirea unui prag in
functionarea sistemului instalat ca urmare a
defrisarilor salbatice care au inceput in
majoritatea masivelor carpatice (Vladeasa si
Padurea Craiului, in cazul de fatd) dupa 1990
(vezi fig. 2).

Depasirea este semnificativd pe parcursul
ultimului  deceniu, cu exceptia  anilor
recunoscuti drept “secetosi”-2000 si  2003-
valoarea medie a ultimilor 11 ani fiind de 6,30
kg/s. Concomitent, se remarca scaderea fireasca
a valorilor debitului solid inregistrate la Statia
Oradea dupa 1989, ca efect direct al regimul
controlat al scurgerii  prin  intermediul
acumularilor de la Lugasu de Jos si Tileagd.
Astfel, fatda de valoarea medie de 8,40 kg/s
(1950-1974), in ultimul deceniu debitul de
aluviuni in suspensie a scazut cu peste 50%
situandu-se la 3.77 kg/s. Evident, aceste mutatii
contradictorii se reflectd corespunzator prin
natura proceselor de albie rezultate si efectele
teritoriale  induse  prin  functionalitatea
sistemului fluvial.

IV. Aspecte definitorii ale restructuririlor
plan-spatiale ale albiei si implicatiile acestora

In functie de conditionarile specifice, amintite
anterior, procesele de dinamica fluviatila,
morfologia rezultata, implicit formele de

restructurare plan-spatiala, se diferentiaza intr-0
manierd evidenta de la un sector la altul. Poate
fi subliniat aspectul de ordin general ca desi au
putut fi surprinse numeroase situatii de
remaniere a meandrelor prin migrare, inclusiv
autocaptari, indicele de sinuozitate nu a
inregistrat modificari notabile (ceea ce indica
derularea fenomenului in relatie cu o relativa
stabilitate in manifestarea conditionarilor de
limitd). Astfel, indicele de sinuozitate
determinat pentru configuratia actuald a retelei,
la nivelul sectorul Ciucea-Vadu Crisului, are
valoarea de 1.20 (fata de 1.18 in anul 1969), iar
pentru sectorul Vadu Crisului-Lugasu de Jos,
valoarea este de 1.08 (comparativ cu 1.067 in
anul 1969). Indicele de sinuozitate are valori
sensibil mai mari in sectorul situat in partea
vesticd a depresiunii Vadului (1.52 in anul
1969), fapt explicabil indeosebi prin schimbarea
caracteristicilor ~ substratului  (predominant
nisipos si argilo-marnos), implicit a ponderii
fractiunii fine a debitului solid datorata
afluentilor de dreapta ai Crisului Repede
(dinspre Dealurile Lugasului si Oradei). Acestia
au caracter torential si modeleaza formatiunile
friabile  mio-pliocene ale zonei colinare
marginale (in mare masurd despdduritd). La
aceste aspecte se adauga si cresterea debitului
lichid. Reducerea sensibila a indicelui de
sinuozitate (in prezent de 1.46) fata de valoarea
din anul 1969 se explicd, in mare masura, prin
modificarile aduse cursului prin intermediul
lucrarilor de rectificare, canalizare, indiguire
etc. efectuate in deceniul opt pe cursul inferior
al Crisului Repede.

Sectorul Ciucea-Vadu Crisului. Forma de
restructurare cea mai pregnantd si frecventa in
morfologia albiei este determinata de procesul
de Tmpletire a cursului. Se impune precizarea ca
la nivelul initial de referinta cartografica (anul
1969) in sectorul de defileu albia era, aproape
fara exceptii, de tip sinuos iar sectoarele de
impletire ale acesteia erau practic inexistente cu
exceptia catorva insule din bazinetele
depresionare ale Suncuiusului si Bratcdi. In
evolutia recentd a albiei, pe fondul defrisarilor
masive din Muntii Vladeasa (aspect la care s-a
facut referire anterior), implicit a cresterii
spectaculoase a  cantitdtii de  aluviuni
transferate, mai ales, dinspre bazinele
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hidrografice ale Draganului si Iadei, s-a impus
cu certitudine un nou regim morfogenetic in
modul de actiune al riului in conditiile unui
mediu de mare energie si cu debit solid
(inclusiv  tarat) 1n spectaculoasd crestere.
Cresterea debitului solid, 1n conlucrare cu
variatiile rapide si destul de substantiale ale
debitului lichid (cauzate pe langa variabilitatea
climatica si de procesele de uzinare ale apei din
acumularile de pe Dragan si lada), au
determinat o modificare substantiala a
configuratiei albiei (fig. 3).

Procesul de impletire este practic generalizat
in aval de confluenta cu Draganul. Tipul
predominant de ostroave este cel longitudinal
simetric urmat de cel asimetric (diagonal).
Lungimea medie a ostroavelor longitudinale
scade de la 100-150m, intre confluentele
Draganului si Iadei, la cca. 50-75 m in aval de
confluenta Crisului Repede cu lada. Se remarca
relativa stabilizare morfofunctionala a acestora
in cadrul albiei, cele mai multe ostroave
aflandu-se intr-un stadiu incipient de fixare prin
intermediul vegetatiei lemnoase. Efectele cele
mai importante ale amplificarii recente a
procesului de impletire consta in suprainaltarea
paturilor aluviale, accentuarea considerabild a
mobilitatii spatiale a proceselor si formelor
specifice albiei si, in principal, cresterea
“presiunii” asupra malurilor in conditiile latirii
considerabile s1 a migrarii laterale a sectiunilor
active de drenaj ale acesteia. Practic, intr-un

interval de timp relativ scurt s-a instalat o stare
de evidenti instabilitate morfohidrodinamica. In
aceasta noud conditie morfodinamica s-a produs
amplificarea vulnerabilitatii geomorfologice a
teritoriului. Cele mai importante amenintari
sunt cele legate de subminarea prin eroziune a
terasamentului magistralei feroviare Bucuresti-
Brasov-Episcopia  Bihor  (indeosebi intre
Negreni si Bucea si in aval de Bulz), cresterea
riscului de inundabilitate (mai ales in localitatile
Ciucea-in vecinatatea confluentei cu Draganul,
Bratca, Bucea si Bulz), periclitarea securitatii
elementelor de infrastructurd rutiera (rambleul
drumului E 60 in anumite sectoare, poduri si
viaducte s.a.). Elocvent este cazul podului peste
Crisul Repede din localitatea Bulz, situat
imediat in amonte de conflenta cu lada, unde
migrarea sectorului de eroziune, spre confluenta
cu lada, a mutat practic cursul actual la nivelul
capului de pod in timp ce podul propriu zis a
ramas suspendat deasupra unei extinse renii in
volute. Aceste redefiniri geomorfospatiale ale
albiei in sectorul de defileu, in buna parte
relativ recente §i cu tendintd viguroasa de
propagare, sunt de naturd si atragd atentia
asupra necesitatii unui program articulat de
gestionare environmentald a bazinului
hidrografic, care sd vizeze atdt rationalizarea
activitatilor silvice cat si  amenajarea
corespunzatoare a albiei (prin rectificari ale
cursului, dragari, indiguiri, consolidari de
maluri s.a.).
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Fig. 3 Schita geomorfologica a albiei Crisului Repede in sectorul de defileu (intre Bratca si Bulz)
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Fig. 4 Schita geomorfologici a albiei Crisului Repede in sectorul de curs mijlociu (Auseu-Lugasu de Jos)

Sectorul Vadu-Crisului-Lugasu de Jos Se
remarca printr-0 succesiune de sectoare cu
evolutie relativ putin influentatd antropic ce
alterneaza cu portiuni relativ restranse supuse
insd unei presiuni antropice sustinute. Astfel,
pand 1in apropiere de Auseu, in conditiile
curgerii raului peste propriul con aluvial ce se
extinde de la iesirea din defileu pana aproape de
localitatea Grosi, pantele mai accentuate ale
profilului longitudinal aferent conului (6.2%o)
favorizeaza formarea mai multor sectoare de
impletire multipld cu ostroave de tip medial.
Cel mai amplu proces de acest tip s-a dezvoltat
in amont de localitatea Cacuciu Vechi; aici,
exploatarile masive de pietrisuri din aval au
stimulat considerabil accentuarea tendintei de
impletire (fig. 4).

In plus, in acelasi perimetru, ca urmare a
expansiunii spatiale a arealelor de extractie si
prelucrare a materialelor din balastierd, s-a
realizat “impingerea” substantialda a cursului
spre nord si, prin aceastd “scoatere” a raului din
matca fireascd, a crescut mult probabilitatea
inundarii unor suprafete mari de teren cu
destinatie agricola. Intre localititile Auseu si
Grosi, in conditiile reducerii substantiale a
gradientului de pantd i a schimbarii
caracteristicilor patului aluvial (de la albii
mobile, de prundis, la albii relativ stabile
formate din materiale fine sau cu caracter mixt)

se trece de la un curs sinuos la unul meandrat.
Sectorul, care nu a constituit obiectul lucrarilor
de imbunatatiri funciare, etaleazd importante
schimbari morfologice ce au survenit odatd cu
evolutia procesului de meandrare libera.
Predomind meandrele simple simetrice cu raza
mica si pe alocuri se dezvolta si cele compuse
asimetrice ce se inscriu 1intr-un culoar de
meandrare a cdrui latime variaza in medie de la
500-800 m pana la maximum 1500 m.
Meandrele au tendinta de restrangere pe centrul
luncii sau al terasei de lunca “raul fugind de cei
doi versanti pentru a nu se incarca cu multe
materiale de pantd” (A. Posea, 1976). Migratia
meandrelor s-a produs atat prin “maturare” cat
si prin pendulare si este “atestatd” de numeroase
brate moarte si popine bine individualizate. In
aria de contact cu acumuldrile hidrotehnice
Lugasu de Jos-Tileagd s-a individualizat o vasta
arie de sedimentare fluvio-lacustra, de fapt o
veritabila deltd antropica. Fruntea deltei
antropice se situeazd la cca. 800 m fatd de
coada lacului existenta in perioadele de retentie
la nivelul normal al acumularii. Segregarea in
ceea ce priveste modul de dispunere
transversald a materialelor este deosebit de
evidentd. Partea mediana este ocupata aproape
integral de formatiuni nisipoase si maloase fine
in timp ce pietrisurile, predominante, si
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nisipurile  grosiere formeaza doua fasii
longitudinale bine individualizate dispuse

paralel in imediata vecindtate a barajului lateral
al cuvetei. Cum aportul marginal de material
grosier este exclus, rezultd ca formarea si
dispunerea acestor formatiuni acumulative
laterale se datoreaza actiunii unor sisteme de
curenti turbionari in a cdror genezd un rol
insemnat il are curentul submers principal al
raului ce 1isi mentine vechiul traseu si se
propaga de-a lungul albiei inundate a canalului
de drenaj initial. In amont de coada lacului (la
N.N.R.) pe o distantda de cca 500 de m se pot
constata efecte vizibile ale fenomenului de
agradare, constdnd 1n supraindltarea patului
albiei concomitent cu tendinta de Tmpletire
multipla a albiei si de adancire a sectiunilor
active de drenaj, aspecte concretizate intr-0
microdelti. In aval de barajul acumularii
Lugasu de Jos, la coada lacului Tileagd, s-a
format o deltd antropicd, “miniaturala”, de
aceasta data, avand in vedere distanta mica ce
separa cele doud acumulari.

Sectorul  Tileagd-Oradea.  Reprezinta
portiunea cu cele mai radicale transformari in
morfologia initiala a albiei (fig. 5). Practic,
albia initiald a raului a fost supusd unor ample
lucrari de rectificare a cursului la Tnceputul
anilor 70 astfel 1ncat reconstituirea unor
elemente de restructurare prin mecanisme
fluviale este practic imposibila. Odata cu
finalizarea lucrarilor la complexul acumularilor
Lugasu de Jos-Tileagd, in aval de barajul
Tileagd, vechea albie este acum dublata, pe
partea dreaptd, de un canal artificial betonat
amplasat in sectorul terasei de luncd. Canalul
artificial serveste la evacuarea apelor uzinate in
centrala electrica Tileagd in timp ce albia
initiald transportd doar un debit de servitute.
Chiar si in aceste conditii, datoritd debitului
solid mult diminuat, procesul de degradare al
vechii albii naturale este deosebit de activ. El
este cat se poate de vizibil 1n imediata
vecinatate aval a barajului acumularii Tileagd
datorita fenomenului de pavaj hidraulic
(parazitat la baza barajului prin bascularea de
blocuri de roci alogene ce au drept scop
asigurarea protectiei acestuia In raport cu

tendinta de adancire a albiei). In ansamblu,
vechea albie si-a restrans considerabil sectiunea
activd, a devenit mai unitard sub aspect plan
spatial (este probabil ca reducerea indicelui de
sinuozitate — pe langa interventiile antropice
amintite — sa fi fost determinata in parte si de
surplusul de energie libera survenit ca urmare a
restrangerii drastice a tranzitului de aluviuni)
insd este evident mult mai instabila sub aspect
morfodinamic. In profil longitudinal, ca urmare
a tendintei de adancire, au aparut numeroase
rupturi, iar sectoarele de “adancuri” afecteaza
frecvent stabilitatea malurilor si a elementelor
de infrastructura. Este elocvent cazul podului
ce asigurd traversarea drumului judetean ce
permite accesul dinspre localitatea Husasau de
Cris la drumul european E 60. in acest punct,
situat la 9.2 km aval de barajul de la Tileagd,
nivelul initial de incastrare a pilonilor podului
in raport cu albia initiala se afla in prezent la
cca. 1.80 m deasupra albiei actuale. Chiar daca
riscul de inundabilitate in acest sector (deosebit
de expus anterior realizarii amenajarilor
hidrotehnice) a fost practic exclus, avand in
vedere vecinatatea imediatd cu sectiunea de
drenaj artificial, precum si cu alte elemente de
infrastructura rutiera si feroviard (procesul de
degradare  fiind in plina  desfasurare),
consideram ca el necesitd o observatie
minutioasd i 0 monitorizare atentd in viitor.

In concluzie, analiza restructuririlor plan-
spatiale survenite in evolutia recenta a albiei
minore a Crisului Repede evidentiaza numeroase
tipuri de schimbari datorate aproape 1in
exclusivitate factorului antropic. Pe langa
efectele benefice, interventiile antropice atrag
dupa sine si o serie de dezechilibre in
functionalitatea sistemului fluvial cu
repercusiuni negative in plan teritorial. Dintre
acestea, dinamica acceleratd a mobilitdtii albiei
in sectorul de defileu si fenomenul pronuntat de
degradare 1in sectorul Tileagd-Oradea au
potential distructiv ridicat ce trebuie avut in
vedere in cadrul viitoarelor studii si proiecte de
amenajare teritoriala.
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The morphometric analysis of the gravels from the
Slanic of Buziu bed — preliminary considerations

Florina GRECU, Laura COMANESCU

Cuvinte cheie: galeti, bazinul Slanic, Cernatesti, Lopdtari, indice de rulare, indice de rotunjire, indice de aplatizare,

indice de asimetrie

Rezumat: In lucrarea de fati sunt prezentate principalele elemente ale analizei granulometrice a pietrisului din albia
Slanicului. Galetii au fost recoltati din doua puncte de colectare: Lopatari in cursul superior, la iesirea din munte si
Cernatesti in apropiere de gura de varsare a Slanicului §i s-au realizat masuratori ai acestora. Pe baza datelor masurate
in doi ani consecutivi 2004 si 2005, au fost calculati mai multi indici morfometrici si anume: indicele de asimetrie,
indicele de rotunjire, indicele de aplatizare si indicele de rulare. Datele obtinute pentru acesti indici au fost prelucrate

statistic, determinandu-se media, modulul si mediana sirului.

Acesti parametrii au valori diferite in cele doua puncte aratind pe de-o parte potentialul eroziv ridicat al Slanicului, dar

si aportul torential de pe versanti substantial.

1. General considerations

Knowing the characteristics of the alluvial
deposits is important in order to: calculate the
riverbed roughness, the river’s transportation
capacity, evaluate the riverbed’s stability, know
the relations between the alluvial deposits and
the shape of the river’s equilibrium profile,
establish some problems of dynamics and
riverbeds’ evolution.

The method of the granulometric analysis,
especially the gravels’ morphometry, although
used for a long time in Romania, it hasn’t been
adjusted yet. In this respect, the present paper
also aims at establishing the main stages of such
an analysis (Grecu, Comanescu, 1998).

The hydrographical basin Slanic, the size
order 6 in Horton-Strahler system, is situated in
the Curved Carpathians and Subcarpathians, a
seismic region with an accentuated neotectonics
which is also obvious in the relief dynamic. The
morphometric characteristics are optimal for a
systemic analysis, but also for a careful tracking
of the boulders’ dynamic: length 64 km;
maximum width 10 km; maximum altitude 1373
m; minimum altitude 125m; surface 450 km?. The
river source is 1240m and its flow is in Buzau
at 120m. The total length of the riverbed is
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73 km, from among which 19 km in the
mountainous unit, 54 km in the Subcarpathians.
Being situated at 19 km away from the Slanic
source and by the morphometric characteristics
of the basin, the Lopatari station reflects the
particularities from the superior basin of the
river, while the Cernatesti station, situated at 4
km upstream the confluence mouth of Slanic
with the Buzdu river, can be considered
representative  for the basin  assembly,
controlling about 99% of its surface (fig. 1).

2. Working method

The establishing of the sampling centres is done
depending on the goals of the research. It is
good to generally choose sampling centres in
places where the impact of the anthropic
activities is more reduced, and not at the
confluences.

In the present paper there were analysed over
250-300 boulders. The shown data are
preliminary, we aim to go on with the present
analysis in order to allow the diagnosis of the
Slanic riverbed’s dynamic by means of this
method, too. The samples were gathered in
2004 and 2005, from the same place (from the
major riverbed), following the sampling rules.
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Fig. 1 The Slanic basin — hypsometric map

More sampling methods are used: areal
sampling, itinerary sampling, and volumetric
sampling. In the present paper the areal and
itinerary sampling were used.

In achieving this type of sampling, there must
be taken into account the morphological unit of
the riverbed (island, lateral accumulation along
the river, crossing) and the relations riverbed
slope within the respective area.

The collecting is done on a certain route and
for each boulder from the big toe (it is
recommended to collect the boulders with the
eyes closed). It is measured the axis b of each
boulder, which shows the limit in which it is
framed (the gravels with the diameter less than
8 mm cannot be evaluated by means of this
method) (table 1).

The data are synthetised in a table having the
following structure:
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Table no. 1
The collecting data
1 2 3 4 5 6 7 8 9
. Average

The size of the Number weight of the thal A_verage Cola/ Percentage Percentage/ Average

collected of boulders weight | diameter Col5 from the (log2)” size of the
boulder (axis b) | boulders (ar.) (gr.) (d? total g diameter

TOTAL A B C D

In accomplishing the volumetric sampling, the
main criterion is the quantity of the sampled
material. In Romania there wasn’t elaborated a
standard regarding the minimum needed
quantity. What is important is the difference
between the two entities of the riverbed facies:
pavement and sub-pavement (the pavement has
a depth equal to the diameter of the biggest
boulder from the sampled areal) (table 2). In
establishing the number of samples, the
sampling is done from among more verticals,
depending on the dimensional change of the
alluvia. For the big material there are done
measurements in the field, for the little
materials the fine sieving is done. The sampling
area was on an areal with a surface of 1 m.

Table no. 2
The quantity of needed dry sample, depending
on the granulometry

Blocks minimum 5 kg
Gravels minimum 2 kg
Gravels and sand minimum 1 kg

The sample’s weight can be established by
using criterion 5%, meaning the weight of the
biggest boulder should be 5% from the sample’s
weight (Church et al., 1987, quoted by Ichim
and contributors, 1992).

The sampling was done from the sub-
pavement, from an areal with a surface of 1m?,
situated in a lateral accumulation along the river
at 1 m from the Slanic thalweg at Cernatesti and
at 1,5 m at Lopatari.

For the gathered boulders, the following
parameters were measured: the big axis or the
length — L; the small axis or the width — I; the
thickness — g, the smallest beam/ray measured
in the same plane with L and I, respectively
along the boulder’s big circumference; the
biggest distance (AC), measured from the

intersection of the two axis L and | up to the
boulder’s extremity (Ruhin, 1966; Grecu,
Comanescu, 1998).

The values were synthetised in tables,
according to the statistics’ rules and they were
used for the calculation of the following
indices: the smoothing index (shows the
boulders development in two directions); the
rolling index (it shows the relation between
length/width in their tendency of becoming
equal, when the grain approaches a sphere); the
asymmetry index (shows the one — dimensional
development of the particle).

The values were processed, respecting the
statistics’ rules from some data ranges, excluding
the extreme values which were out of the general
tendency. Also, for the values range, there were
calculated the position indices of the allocation:
the average, the module, the median line.

3. The obtained results

The smoothing index describes the amount in
which a particle preferentially develops in two
directions. It divides into four morphometric
classes, as follows:

For the measurements from Cernatesti in the
years 2004 and 2005 (fig. 2, 3) it can be noticed
that the same value classes hold the biggest
weight, although these are different (54,93% in
2004; 77,77% in 2005). The order of the
measurement classes’ weight is the same, both
for the year 2004 and 2005 (table 3).

At Lopatari the situation is different, the
flattening class being dominant, over 15 (both
for the year 2004 and 2005), proving the high
power of the river’s erosion on that sector

(fig. 4, 5).
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Table no.3
The smoothing index (Relative frequency)
Cernitesti 2004 Cernatesti 2005 Lopatari 2004 Lopatari 2005
(%) (%) (%) (%)
<5 54,93 77,77 17,32 13,83
5-10 30,68 17,28 28,47 30,26
10-15 10,66 2,49 6,75 7,89
Over 15 3,73 2,46 47,46 48,02

Bunder5
B5.0-100
010.0-15.0
Oover 15.0

Bunder5
m50-100
010.0-15.0
Oover 15

Fig. 2 The smoothing index — Cernatesti 2004

Fig. 4 The smoothing index — Lopitari 2004

Bunder5
B5.0-100
010.0-15.0
Oover 15.0

Bunder5
®50-100
010.0-15.0
Oover 15.0

Fig. 3 The smoothing index — Cernatesti 2005

The asymmetry index shows the one-
dimensional development of the particle. The
asymmetry index shows obvious variations
between the two localities. Upstream, the
particles’ asymmetry is bigger, compared to the

Fig. 5 The smoothing index — Lopitari 2005

downstream situation (fig. 6, 7, 8, 9). At
Cernatesti, the particles’ development is more
pronounced and therefore derives their smaller
asymmetry degree (table 4).

@0-05
m051
010-15
Oover15

Fig. 6 The asymmetry index — Cernatesti 2004

23005
B05-0.75
00.75-1
DOoverl

Fig. 7 The asymmetry index — Cernaitesti 2005
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B under 05 @0-05
m0.5-0.75 m0.5-0.75
00.75-1 00.75-1.0
Ooverl Ooverl
Fig. 8 The asymmetry index — Lopatari 2004 Fig. 9 The asymmetry index — Lopitari 2005
Table no. 4
The asymmetry index (Relative frequency)
Cernitesti 2004 Cernatesti 2005 Lopatari 2004 Lopatari 2005
(%) (%) (%) (%)
0-0,5 48,80 1,23 0,89 1,50
0,5-0,75 48,26 24,71 25,5 20,85
0,75-1,0 2,41 37,03 39,00 38,90
peste 1,0 0,53 37,03 34,61 38,75

The rolling index

The rolling index at Cernatesti presents an
approximately similar weight in 2004 and 2005.
This index shows a high degree of the
development classes with higher values at
Lopatari (fig.10, 11, 12, 13). According to the
general rules, this index should have higher
values at Cernatesti, where the development is
bigger (the distance from the alluvia source

increases) but this doesn’t happen due to the
contribution of the high torrent.

The development and smoothing index have
got inverse proportional values (at an increase
of the rolling index, the smoothing index
decreases). The correlation passes Kirkby’s
significance test, the correlation index being
r=0,87.

@ under 0,5
®0,5-1
01-1,5
Oover 1,5

B under 0.5
®05-1
o115
Oover 15

Fig. 10 The rolling index — Cernitesti 2004

Fig. 11 The rolling index — Cernatesti 2005

Bunder 0.5
®0.5-1.0
01.0-1.5
Oower 1.5

Fig. 12 The rolling index— Lopatari 2004

O under 0.5
®0.5-1.0
01.0-15
O over 1.5

Fig. 13 The rolling index — Lopatari 2005
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The rounded index
It was calculated based on Wendell’s formula:
Ro=> (*/R)/N,
where
r — the rays of the circles from the corners;
N — corners’ number,

R — the ray of the biggest circle which can be
inscribed.

For the boulders’analysis there were
determined 5 morphometric categories (angularity
classes) which are synthetised in the following

table:

Table no. 5
The Rounded index (Relative frequency)
Cernatesti 2004 Cernatesti 2005 Lopatari 2004 Lopatari 2005
(%) (%) (%) (%)

0-0,5 2,66 12,36 18,75 19,27

0,5-0,75 41,08 83,95 78,36 79,5

0,75-1,0 49,06 1,23 2,41 1,2

peste 1,0 7,2 2,46 0,48 0
Table no. 6

The Rounded index-Morphometric categories

Morphometric categories The rounded index
angular 0,10-0,25
subangular 0,26-0,34
sub-adjusted 0,35-0,49
adjusted 0,50-0,69
very adjusted 0,7-1

Following the analysis of the data from Cernatesti and Lopétari, the following values were obtained:

Table no. 7
The Rounded index in Slanic basin- absolute frequency
Categories Lopatari Cernitesti

0,10-0,25 10 8
0,26-0,34 12 10
0,35-0,49 30 34
0,50-0,69 32 37
0,7-1 16 11

The biggest weight is held by the rounded
boulders (32% at Lopatari and 37% at
Cernatesti), demonstrating the high power of
the river’s erosion but also the fact that their
percentage increases from upstream towards

4. Conclusions

downstream. Out of the general total, the sub-
rounded, rounded and very rounded boulders
hold 75% from the total of the boulders
measured at Lopatari and a higher value 82%
from the total at Cernatesti (table 6, 7).

Table no. 8
Synthetic analysis of boulders
The smoothing index The assymetry index The rolling index
< .ﬁ o — — - =
[ + Ry - o— Ry ~ - - Ry ~ . -
£ Sx| fulsSs| S| x| fulSslsn | €3] ful S| Sy
= pla~] plasi plav] plav] plae] )=+ S S S S is+d Y+
g cR|EQ| 5[ 5| EQ|ER| 5|58 | 58| 5. 58| 5%
8 3 _1 | 3 3 2 2 3 3 — q
Average 182 | 167 | 1,73 | 1,84 | 086 | 054 | 0,61 | 0,35 | 0,72 | 067 | 0,61 | 058
Module 11,46 | 12,15 | 11,89 | 11,69 | 2,87 2,99 3,56 3,29 1,69 1,87 1,23 1,26
Median 1,69 | 154 | 1,28 | 1,49 | 099 | 065 | 047 | 0,78 | 0,88 | 056 | 0,39 | 0,55
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The values of the morphometric indices (table
8) of the boulders vary depending on the rock
(in the superior course at Lopatari ere hard
rocks and in the inferior course at Cernatesti are
soft rocks); climate (the presence of rain fall
whide is more frequently in Subcarpattian);
distance (the values of indices are different in
the superior course and in the inferior course
because the transport it’s able to change these),
neotectonic moments (uplift moments in the
superior course) from the basin, differentiated

in time and space. In the basin of Slanic of
Buzau the boulders represent a medium
development rolling degree (fig. 14). The
assymetry depends very much on the type and
hardness of the rock; at Cernatesti, soft rocks
are predominant and the rocks’ assymetry is
less pronounced (fig. 15, 16).

The statistical analysis of the smoothing
index, assymetry index and rolling shows a
,,normal distributions”.
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Fig. 14 The variation of morphometric parameters for smoothing index
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Fig. 15 The variation of morphometric parameters for assymetry index
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Fig.16 The variation of morphometric parameters for rolling index
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Abstract. Downstream variation in bed sediment size along the Prut River channel. The geomorphological
research done upon the Prut River channel are part of the project “The Management and the Ecological Security of the
Natural Resources in the Prut River Border Network” financed by the CEEX national programme. As
geomorphologists, we focused in this stage on the river channel of the Prut River and the deposits that make it. There
can be distinguished two sectors in the quality of the channel material: a) upstream the Stanca — Costesti Reservoir, with
a length of 89 km, where gravels with D50 of 15 mm predominate at Orofteana and 7 mm at Mitoc, in proportion of up
to 80%. The river channel reflects the geological and geomorphological conditions in the upper basin of the Prut River,
where crystalline schists and rocks on flysch outcrop on almost 40% of the basin’s surface up to this point, with an
energetic potential of the landscape capable of transportation of rough materails to the minor channel; b) 37 km
downstream of Stanca — Costesti Dam and as far as the confluence with the Danube, domintaed by sands in proportion
of 99% well sorted especially in the area of maximum narrowing of the basin. The Stanca-Costesti Reservoir overlaps
(without causing it) over the ,,granulometric leap” from gravel to sand (the sudden transition from the de 8 mm particles
to those under 1 mm). It is a very well known phenomenon in the gomorphogical literature through the controverces
raised upon the cause of the cack of particles, domain where we have contributed as well with our research on the rivers

in the Siret Basin.

1. Introducere

Cercetarile geomorfologice asupra albiei raului
Prutt au loc in cadrul proiectului
»-Managementul §i securitatea ecologicd a
resurselor naturale din bazinul hidrografic de
granitd al Prutului” finantat prin programul
national CEEX. Acest proiect reuneste
specialisti pluridisciplinari pentru monitorizarea
si evaluarea calitatii resurselor naturale si a
exigentelor de mediu la granita de est a
Romaniei. In ce ne priveste, ca geomorfologi,
ne-am concentrat in aceasta etapa, asupra albiei
minore a raului Prut si a depozitelor ce o
alcatuiesc. Ambele structuri reprezintd o resursa
geomorfologica asupra careia pana in prezent
nu s-a realizat un studiu comprehensiv. In
conformitate cu domeniul nostru de expertiza,
vom face primele observatii asupra distributiei
granulometrice a materialului de albie pentru
sectorul romanesc al raului intre Orofteana (la
intrarea 1n tard) si confluenta cu Dundrea.
Rezultatele vor fi analizate in relatie cu cele mai
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noi progrese in cunoasterea fenomenului
distributiei materialului de albie.

2. Zona de studiu

Prutul constituie cel de al doilea rdu important
din partea de est a Romaniei. Este un rau
alohton a carui obarsie se afla in Carpatii
Padurosi pe teritoriul Ucrainei, de pe pe
versantul nord-estic al Cernahorei si versantilor
nordici ai Muntilor Maramuresului. Pana la
localitatea Orofteana de Sus are o lungime de
235,7 km, pantd medie de 6,4 m/km si un bazin
hidrografic de 8241 km?. intre Orofteana si
confluenta cu Dundrea, pe aceastd lungime de
946 km, Prutul se constituie rau de frontiera
intre Romania, pe de o parte, Ucraina si R.
Moldova, pe de alti parte. In acest sector, panta
raului scade la 0,23 m/km si este caracteristica
puternica meandrare, unde coeficientul acesteia
atinge 1,7. Suprafata totala a bazinului raului
Prut este de 28463 km?, iar raul are o lungime
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totala de 946 km. Bazinul hidrografic pe
teritoriul Romaniei masoard 10999 km?’, are o
dezvoltare asimetricd, fiind mai extins 1in
jumatatea nordica, ajungand la latimi de 80-85
km si latimi foarte reduse de la sud de Tutora si
pana la confluenta cu Dunarea, 15 — 20 km.

Bazinul hidrografic al Prutului se suprapune
unei zone cu o indelungata evolutie geologica.
Sursa materialului de albie se afla in alcatuirea
geologica a intregului bazin care este dominata
de rocile friabile ale Platformei Moldovenesti in
proportie de 86,22%. Materialul grosier din
albia raului Prut, identificat de masuratorile
noastre pana la confluenta lacului Stanca-
Costesti, are sursa in domeniul cristalin (care
acopera cca 300 km? in extremitatea nord-
vestica a bazinului, ceea ce reprezinta 1,05%
din Intreaga suprafata a acestuia) si in domeniul
flisului (care acopera aproximativ 3620 km?,
adica 12,72% din suprafata bazinului)'.

In 1978, in dreptul localititilor Stinca-
Costesti, amonte de confluenta Baseului cu
Prutul, a fost dat in exploatare barajul cu acelasi
nume, inalt de 43 m si o lungime a
coronamentului de 300 m. Barajul de greutate,
cu nucleu intern de argild a permis acumularea
unui volum de 1290 milioane m® apa a carei
suprafatd este de 7700 ha. Folosinta lacului este
multipla, pentru atenuarea viiturilor,
alimentarea cu apa, irigatii, producereca de
energie electrica, pescuit. Cercetari asupra
surselor de aluviuni din bazinul roméanesc al
lacului au fost realizate de N. Radoane (1996) si
au fost utilizate si in acest studiu.

Marea majoritate a resurselor de apa ale
Prutului se formeazd in regiunile carpatice si
subcarpatice de pe teritoriul Ucrainei. Debitele
medii multianuale sunt determinate, pe perioade
diferite, la 6 posturi hidrometrice, din care unul
este pe teritoriul Ucrainei (tabel 1).

Tabelul nr. 1

Date asupra morfometriei bazinului hidrografic si a scurgerii lichide ale raului Prut

Raul Sectiunea Suprafag:ljrrll)zazmulm, Distanta de la izvor (km)* Q, m¥s
Prut Cernauti 6 890 193,30 73.62
Prut Radauti - Prut 9215 290.43 78.03
Prut Stanca 13099 389.06 81.57
Prut Ungheni 21515 572.74 86.81
Prut Dranceni 22 883 665.68 101.76
Prut Falciu 25214 792.14 103.43
Prut Oancea 26 997 865.43 85.30

*Distantele 1n lungul raului Prut au fost masurate pe imagini Landsat7 ETM+ (sursa: NASA WMS Global
Mosaic) si modele digitale ale terenului SRTM3 (sursa: NASA J.P.L.), corespunzatoare bazinului Prut

Repartitia scurgerii pe luni si pe anotimpuri se
poate urmari din graficele inserate in fig. 1, de
unde reiese ca in luna martie scurgerea medie
depaseste de 2,8 — 3,4 ori debitul mediu anual,
iar scurgerea de primavara reprezinta 45 — 50%
din scurgerea medie anuald. larna s§i toamna,
resursele de apa sunt foarte reduse (8 — 20%)

dar varietatea lor, Tmpreund cu scurgerea de
vara, oglindeste influenta insemnata a iazurilor.
Tipul de regim al Prutului in bazinul superior se
apropie de cel carpatic oriental moldav, Tnsd pe
tot teritoriul tarii noastre suferd deja o
transformare destul de insemnatd prin cresterea
ponderii scurgerii din martie-aprilie (fig. 1).

! Datele referitoare la repartitia formatiunilor geologice din bazinul superior sunt estimative, obtinute de pe harti la

scara mica.
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Fig. 1 Regimul anual al scurgerii lichide in lungul raului Prut

In lungul raului Prut, debitele maxime se
realizeaza in lunile mai — iunie pe teritoriul
Ucrainei (la Cernauti) si in lunile aprilie-mai la
posturile hidrometrice de pe teritoriul Romaniei
ating valori de 140 — 180 m%s de la Radauti-
Prut spre confluenta cu Dunarea. Cele mai mici
debite se 1Inregistreazd 1n lunile ianuarie-
februarie, cand pe rau se instaleaza si pod de

gheata. Valorile debitelor minime pot scadea si
sub 10 m%s cum a fost in anul 1964, luna
februarie, cand in lungul raului Prut debitele au
inregistrat un minim istoric de 5,34 m%s la
Stanca, 5,56 m®s la Ungheni, 13,3 m/s la
Dranceni si 16,9 m®/s la Filciu. Perioada de
timp luata in analiza a fost reprezentativa pentru
determinarea regimului, respectiv, 1895-1997
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(Cernauti) si 1950-1990 (pentru posturile de pe
teritoriul Romaniei). O influentd crescutd in
reglarea regimului scurgerii lichide a raului Prut
o are lacul de la Stanca — Costesti care asigura
un debit minim de cel putin 35 m%s aval de baraj.

In ce priveste regimul multianual al scurgerii,
acesta a fost evaluat pe o perioadd de 40 ani
(1950 — 1990), la postul hidrometric Radauti-
Prut: debitul mediu lunar cel mai mare a fost
inregistrat in august 1955 si a fost de 452 m?/s,
iar debitul cel mai mic a fost de 5,61 m%s in
luna februarie 1962. in avale, la postul Stanca,
tendintele pe timp lung se pastreaza
aproximativ la fel cu postul din amonte, cu
deosebirea ca aici existd o regularizare a
debitelor de catre acumularea din spatele
barajului. Cel mai mare debit inregistrat a fost
tot cel din august 1955, de 468 m?/s, iar cel mai
mic de 5,34 m*/s in februarie 1964. Dupa 1978,
odata cu darea in exploatare a lacului Stanca-
Costesti, asemenea debite minime nu s-au mai
inregistrat, desi tendintele regimului anual s-au
mentinut. La posturile hidrometrice Ungheni,
Dranceni si Falciu, ce se succed in lungul
raului Prut, se remarca tendintele imprimate din
partea superioara a raului, cu deosebirea cad
variabilitatea debitelor este din ce in ce mai
mare spre avale. Anul 1955 a fost unul cu cele
mai mari debite nregistrate in lungul raului
Prut, dar perioada 1969 — 1975 a fost cea mai
lungd cu ape mari. Astfel, in august 1955 la
Unghenl S-au Inregistrat Valor1 medii de 478
m?/s, la Dranceni de 537 m%/s, iar la Filciu de
573 m3/s. Cele mai mici valori, asa cum am
aratat deja, au fost in februarie 1964.

3. Metodele de lucru

Fondul de date privind analiza depozitelor de
albie a rezultat din colectarea de probe de
aluviuni in urma unei lungi campanii de teren.
Cele 16 sectiuni de albie din care s-au
esantionat depozitele au fost situate in lungul
raului la o distanta de aproximativ 20-25 km
una de alta, asa cum se indica in fig. 7 de mai
jos. Punctele de prelevare a materialului de
albie au fost plasate pe renii si cat mai aproape
de nivelul apei raului. Ca exemplificare
prezentam imaginea din fig. 2 in care este
vizibild o renie bine dezvoltata de raul Prut pe
malul convex. Sectiunea este plasatd in dreptul

localitatii Orofteana de Sus, la intrarea Prutului
pe teritoriul romanesc. Malul convex al raului
este format in terasa de 3-4 m, complet inundata
la ape mari. Renia respectivd este formata
predominant din pietrisuri si are o lungime de
160 m. Malul stang este concav, cu eroziune
laterala puternica care a indepartat epiurile de
protectie.

Fig. 2 Raul Prut la Orofteana (intrarea pe teritoriul
romanesc) in iulie 2006. Esantionarea materialului de
albie a avut loc de pe o renie si cit mai aproape de
nivelul apei raului

Ca metoda de esantionare s-a folosit metoda
volumetricd, greutatea totald a probei prelevate
fiind in functie de greutatea celui mai mare
galet gasit in sectiunea analizatd, respectiv, cel
mai mare galet reprezentand 5% din greutatea
totala a probei (cf. Mosley and Tindale, 1985;
Church et al.,, 1987). Exemplificarea acestei
metode este datd in fig. 3, din care rezultd
modul cum a fost separat pavajul (stratul grosier
de pe suprafata reniei) de subpavaj (stratul mai
fin ce formeazda cea mai mare parte a
materialului de albie). Suprafata de recoltare a
probelor a fost de 1 m?. Intrucat in situatia de
fata particulele din stratul de pavaj nu au depaslt
40 mm diametrul, greutatea probei de pavaj a
fost de circa 5 kg, iar a celei de subpavaj a fost
de circa 3 kg. Pana la Lacul Stanca-Costesti am
recoltat probe 1n aceastd manierda, deoarece in
materialul de albie am intalnit pietrisuri. Avale
de lac, materialul de albie a fost exclusiv
nisipos (fig. 4) si cantitatea de material recoltata
a fost mai mica, in jur de 1 kg. Campania de
esantionare a avut loc la sfarsitul lunii iulie
cand debitele raului erau In scadere, astfel ca
am putut avea acces la formatiunile de albie de
tipul reniilor si ostroavelor laterale.
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Fig. 3 Exemplificarea metodei de esantionare a materialului de albie

in laborator probele au fost sfertuite, uscate la
temperatura de 105°C, trecute prin site selectate
conform scarii Wentworth, apoi cantirite. In
final, s-au obtinut histogramele si curbele
granulometrice cumulate ale distributiilor
granulometrice. Masuratorile de teren si
analizele de laborator au produs o mare
cantitate de date (tabel 2), a caror prelucrare a
constat in obtinerea unor elemente de statistica

descriptiva (medie, deviatie standard,
determinarea legilor distributiei empirice si
eliminarea erorilor grosolane) si de relatii
empirice intre variabile. Rezultatele obtinute
sunt analizate conform urmatoarei structuri: a)
spectrul granulometric al raului Prut; b) variatia
diametrului median in lungul raului ; ¢) forma
distributiilor granulometrice.

Tabelul nr. 2
Date sedimentologice ale albiei minore a raului Prut
Lungimea Suprafata c .
Nr. crt. Sectiunea rﬁu?ui bazinull)ui amonte (:31?2) Praf (%) Nisip (%) Pzg/tor)ls
(km) de sectiune sub 0.063 | 0.063-2 mm 264 mm
(kmp)
1 Orofteana 235,70 8354,0 15,00 7 12 81
2 Teioasa 259,18 8834,7 14,00 6 20 74
3 Radauti Prut 290,43 9215,0 12,00 9 20 71
4 Mitoc 341,00 9991,9 7,00 16 32 52
5 av. baraj Stanca 389,06 13099,4 13,00 0 17 83
6 Santa Mare 438,47 14173,9 0,18 1 99 0
7 Sculeni 516,76 18534,0 0,21 0 100 0
8 Opriseni 572,74 21515,7 0,33 0 100 0
9 Dranceni 665,68 228835 0,18 0 100 0
10 | Albita 671,72 23121,6 0,18 1 99 0
11 | Bumbata 734,16 24080,0 0,18 1 99 0
12 | Falciu 792,14 25214.6 0,17 1 99 0
13 | Vladeni 842,43 26523,6 0,23 0 100 0
14 | Oancea 865,43 26997,8 0,18 1 99 0
15 | Mastacani 887,14 27879,0 0,45 3 97 0
16 | Am. Dunare 946,00 28463,3 0,39 1 99 0
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Fig. 4 Albia riului Prut la Bumbita (punct de recoltare
11), avale de Albita. Pe maluri sunt resturi de busteni
de la ultima viitura. Exemplificarea pozitiei punctului
de esantionare in cazul unei albii cu perimetrul
alcatuit din materiale nisipoase.

4. Spectrul granulometric al raului Prut

Ponderea procentuald cumulatd in lungul
raurilor a claselor granulometrice majore reda
mult mai sugestiv « accidentele » care intervin
in dispunerea exponentiald a dimensiunii

materialului In profil longitudinal. Pentru
obtinerea acestei imagini au fost necesare
curbele granulometrice cumulative de pe care
au fost extrase procentele de praf, nisip si
pietris,  conform  scarii  granulometrice
Wentworth (Radoane et al., 1995).

O distributie procentualda cumulatd ideala a
materialului de albie in lungul raului este aceea
in care clasele de dimensiuni din ce in ce mai
mici se succed in mod uniform in directia
curgerii. Dintre cazurile studiate de noi de
notorietate sunt raurile Suceava si Moldova care
se apropie cel mai mult de aceastd tendintd
(Radoane et al., 2002). In ce priveste raul Prut,
pe 70% din lungimea lui, relatia intre pietris,
nisip si praf este cea ilustratd in fig. 5, din care
reiese ca amonte de lacul Stanca Costesti
domind pietrigsurile, acestea apar si avale de
baraj datorita fenomenului de «pavaj
hidraulic », dupa care dispar in totalitate.
Nisipurile intre 2 — 0,05 mm sunt atotstapanitoare
pani la confluenta cu Dunirea. In cele ce
urmeaza §i pe baza altor materiale ilustrative
vom analiza in detaliu aceastd distributie.
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Fig. 5 Spectrul granulometric al materialului de albie al rului Prut intre Orofteana si confluenta cu Duniirea
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5. Variatia diametrului particulelor
materialului de albie

Una dintre variabilele sugestive in aprecierea
dimensiunii materialului de albie este diametrul
median, D50, respectiv, diametrul cu procent de
50% pe curba granulometrica cumulativa. El se
obtine foarte usor dupa ce curba granulometrica
este desenata. Acest parametru a fost corelat cu
lungimea raului pentru a evidentia variabilitatea
si tipul functiei obtinute. Reducerea dimensiunii
materialului de albie in profilul longitudinal al
raurilor a fost observata si exprimatd printr-0
relatie empiricd inca din 1875 de catre
Sternberg, care aratd ca particulele din albie isi
reduc dimensiunea proportional cu lucrul
mecanic efectuat impotriva frecarii in lungul
raului. Relatia este de tip exponential si reda
proportionalitatea intre granulometria
materialului de albie §i panta profilului
longitudinal. Cercetdri ulterioare au stabilit
numeroase situatii cand relatia lui Sternberg nu
are caracter general. Sunt situatii generate de:
aparitia unor discontinuitdti in panta profilului

longitudinal; perturbarea produsa de aportul cu

aluviuni din afluenti; prezenta unor sectoare de

albie caracterizate prin energie mare, avale de o

puternica sursd de aluviuni si altele (Sambrook

Smith, 1996).

In ce priveste raul Prut, rezultatele obtinute de
noi sunt trunchiate, deoarece nu am avut
posibilitatea sa esantiondm intregul profil
longitudinal (ceca ce se afla in Ucraina). Cu
toate acestea, pe aproape 70% din lungimea
raului  detinem informatii despre calitatea
materialului de albie. Reprezentarea grafica din
fig. 6 sintetizeaza o serie de informatii extrem
de interesante privind variabilitatea materialului
de albie pe care le prezentam 1in cele ce
urmeaza :

a) Graficul prezinta doua curbe de corelatie a
diametrului median cu lungimea raului,
separate de un salt granulometric de la D50
de 7 mm, la un D50 de 0,18 mm. Acest salt
se suprapune lacului Stanca — Costesti, dar
si pe urmatorii 37 km avale de baraj. In
total, saltul se desfasoara pe o lungime de
80 km.

100
D 50 = 57.638(exp-
0.0058)L
T T
Amonte de barajul Stdnca-Costesti
0 ‘“(r\‘\\ * //
IS
1S
=3 D50 =
”D’. 0.0964(exp0.0015)L
Saltgranulometric ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
1 de la Avale de barajul Stanca-Costesti =
D50 =7 mm la -
D50 = 0,18 mm >
® ) -
? T e
il
0.1
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Fig. 6 Variatia diametrului median, D50, in lungul raului Prut,
intre Orofteana si confluenta cu Dunirea
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b)

Amonte de lacul Stanca-Costesti, materialul
de albie inregistreaza un declin modelat de o
curbd exponentiald cu parametri statistici
(coeficienti de corelatie si de determinare)
ce o plaseazd foarte apropiat de situatia
reald. Rata de diminuare a materialului de
albie pe acest sector de 90 km al raului Prut
intre intrarea in tard si coada lacului Stanca-
Costesti este comparativd cu a celorlalte
rauri  din  bazinul hidrografic  Siret,
monitorizate de noi o lungd perioada de
timp (Radoane et al., 2007). Coeficientul de
diminuare (asa-numitul ,,fining” in literatura
de specialitate) a materialului de albie
pentru acest sector este comparabil cu
sectoarele extracarpatice ale raurilor din
bazinul Siretului (tabel 3), conditii care pot
fi extrapolate si pentru raul Prut amonte de
lacul Stanca-Costesti.

mm este o trasaturd obisnuit intdlnitd in
lungul raurilor, dar explicatia acestui
fenomen a ramas inca o problema amplu
dezbatuta (Ridoane et al., 2007). In situatia
raului Prut, saltul granulometric natural este
»ascuns” de lacul Stanca-Costesti si
continuat inca 37 km avale de baraj prin
aparitia fenomenului de ,pavaj hidraulic”
(indepartarea particulelor fine si formarea
unui strat de particule grosiere la suprafata
patului albiei). In lipsa si a altor masuratori
privind modificarea in timp a pozitiei
patului albiei nu putem aprecia cu precizie
pana unde se face simtitd influenta lacului
Stanca-Costesti in lungul raului, avale de
baraj. Din analiza granulometricd a
materialului patului albiei constatam, ca la
37 km avale de baraj, patul albiei este
alcatuit din nisipuri fine, sub 0,2 mm

c) Intre km 341 si km 438 are loc saltul diametrul median si care se mentine in jurul
granulometric aratat mai sus si care este acestei valori si chiar mai mici pana in
foarte vizibil pe graficul din fig. 6. Pe acest dreptul localitatii Oancea, la 865 km de
sector de 81 km se afla si lacul Stanca- izvoare. Putem aprecia astfel ca din punct
Costesti care se desfagoara pe lungime de 44 de vedere al realizarii pavajului hidraulic
km. Saltul granulometric de la clasa sub efectul barajului aceasta este distanta de
pietrisurilor la cea a nisipurilor prin penuria influentd avale de baraj.
particulelor cu diametre cuprinse intre 2 si 8

Tabelul nr. 3
Coeficientii de diminuare (,,fining”) si de marire (,,coarsening”) a materialului de albie al raurilor
din bazinul hidrografic Siret, comparativ cu cei ai raului Prut
(date din Radoane et al., 2007)
Coeficientul de Coeficient de | Coeficient de
Lungimea determinare a diminuare maérire
Raul sectorului ecuatle.l (coeficientul « b » al functiei
(km) exponentiale . ’
D50 = f(L) (Rz) exponentiale)

Suceava 157 0,753 -0,0143
Moldova 202 0,739 -0,0102
Trotus 159 0,349 -0,0061
Trotus (sectorul montan) 98 0,480 - 0,0056
Trotus (sectorul subcarpatic si extracarpatic) 61 0,590 -0,0147
Putna 150 0,793 -0,0565
Putna (sectorul montan) 99 0,736 -0,0381
Putna (sectorul subcarpatic) 27 - 0,0371
Putna (sectorul extracarpatic) 51 0,882 -0,0615
Buziu 306 0,908 -0,0288
Buzdu (sectorul montan) 166 0,800 -0,0185
Buzau (sectorul extracarpatic) 140 0,887 -0,0155
Siret (sectorul de influentd carpatica) 566 0,028 - 0,0007
Siret (sectorul de campie) 159 0,778 -0,0141
Prut (se.ctorul amonte de lacul Stanca — 90 0,814 -0,0058
Costesti)
Prut (sectorul avale de lacul Stanca —
Costesti Intre km 438 si km 946) 310 0,172 i 0,0015




Granulometria depozitelor de albie ale raului Prut intre localitatile Orofteana si Galati 61

d) Modelul exponential aplicat variatiei D50
pe distanta cuprinsd 1intre km 438 si
confluenta cu Dunarea (km 946) aratd o
usoara tendintd de crestere, exprimatd prin
coeficientul de marire a particulelor
(cunoscut sub denumirea de ,,coarsening”).
Acest fenomen l-am intalnit si la alte rauri
cu pat de nisip cum este raul Barlad unde
dimensiunea  materialului  de  albie
inregistreazad o usoara crestere in lungul
raului de 220 km (Radoane, Radoane,
2003). Fenomenul este 1n relatie cu eficienta
sortarii materialului nisipos in timpul
transportului, particulele mai fine sunt
indepartate, iar cele mai grosiere sunt
abandonate 1n patul albiei. Mediul
hidrodinamic este clar evidentiat si de
coeficientul de sortare Trask (So) al
materialului de albie care indicd urmatoarea
tendinta: cu cat valoarea coeficientului este
mai apropiatd de 1.0, cu atat dimensiunea
particulelor este mai uniforma si cu atat
mediul hidrodinamic este mai activ. Cea
mai buna sortare a materialului de albie in
lungul raului Prut s-a inregistrat intre km
404 si km 657, iar In zona cea mai ingusta a
bazinului (intre km 734 si km 842) valoarea
sortarii ajunge chiar la 1.05).

e) Asa cum vom vedea si din alte materiale
cartografice si prelucrari de date, distributia
granulometricd in lungul raului este 1in
stransa relatie cu tipul, cantitatea si calitatea
surselor de aluviuni. In zona cea mai ingusta
a bazinului intrarea de aluviuni din bazin
prin afluentii laterali aproape cd este
neglijabila, astfel ca raul prelucreaza si
sorteazd materialul provenit aproape numai
din amonte sau prin remobilizarea
materialului din propria albie. Rezultatul se
observa in acest coeficient de sortare foarte
aproape de 1,0 intre Bumbita si Falciu. In
apropiere de confluenta cu Dunarea,
sortarea materialului se reduce, dupa
parerea noastra, prin intrarea in aluviunile
raului a unei cantitati apreciabile de
sedimente mai grosiere aduse de afluenti din
zona Dealurilor Falciului unde se dezvolta
stratele de Balabanesti-Tulucesti de origine
fluvio-lacustra (Sficlea, 1960). Trebuie sa
recunoastem ca prin recoltarea probelor din

renii, chiar daca s-a urmarit sa fie cat mai
aproape de nivelul raului aflat la cote mici,
este posibil ca sa existe o diferentd fatd de
granulometria din talvegul raului. Si credem
ca cea mai izbitoare diferentd este in acest
sector inferior al raului unde materialul din
renii este puternic influentat de afluentii
laterali ce vin din Dealurile Falciului.

5. Forma histogramelor materialului de albie

O alta posibilitate de analizd a depozitelor de
albie este aceea pe baza histogramelor
distributiilor granulometrice. Este cunoscut
faptul ca depozitele de albie ale raurilor cu pat
de pietris au o caracteristicd distinctd fatd de
cele ale raurilor cu pat de nisip, si anume,
bimodalitatea. Aceasta este definitd prin
existenta a doud mode (varfuri) in distributia
granulometrica, separatd de o penurie de
material in categoria pietrisului marunt,
respectiv, fractiunea 1-20 mm. Existd o larga
dezbatere privind acest fenomen, sintetizata de
Sambrook Smith (1996), din care am retinut ca
nu existd incad o explicatie unanim acceptatd
privind fenomenul in ansamblul lui. Autorul
sintetizeaza trei cauze posibile, demonstrate in
studii pertinente: efectul nivelului de baza (care,
se pare, are cele mai mari sanse de a fi Intalnit
la un numar mare si variabil de rauri), intrarea
laterald de aluviuni fine (care necesitd surse
importante de aluviuni) si uzura materialului de
albie (valabila mai ales pentru raurile mari).

Cercetdrile noastre asupra distributiilor

granulometrice ale raurilor cu pat de pietris din

bazinul Siretului au aratat ca bimodalitatea are o

explicatie in rata transferului de aluviuni fine

din aria sursa spre albia de rau (Radoane et al.,

2007).

In ce priveste forma distributiilor
granulometrice ale raului Prut, prezentate grafic
in fig. 7, retinem urmatoarele observatii:

- evidentierea clarda a fenomenului de
bimodalitate amonte de lacul Stinca-
Costesti, cu o moda accentuatd pe clasa
pietrisurilor si una de mai mica pondere pe
clasa nisipurilor. Intre cele doud mode se
manifestd, asa cum s-a observat si 1n alte
numeroase cazuri, o lipsd de material in
clasele granulometrice ale nisipului grosier
si pietrisului marunt.
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VI. Hoverla

avale de barajul Stanca Costesti unde se
manifestd un pavaj hidraulic, histograma
este unimodala si reflecta ponderea numai a
materialului grosier.

dupd disparitia pavajului, distributiile
granulometrice devin unimodale pe clasa
nisipurilor, 1n unele sectiuni (9, 10, 11) sortarea
este atdt de buna incat apare doar o singura
clasa granulometrica (sunt leptocurtice).

400

ultimele sectiuni din apropierea confluentei
cu Dunarea manifestd o distributie
unimodald, dar forma histogramelor este
mai evazatd prin contributia si a altor clase
granulometrice, datoritd influentei surselor
grosiere din Dealurile Falciului, agsa cum am
aratat mai sus.
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6. Concluzii

Rezultatele obtinute in aceasta etapa de
cercetare le consideram preliminare, urmand sa
fie completate printr-o cartografiere detaliatd a
proceselor geomorfologice de mal, a diferitelor
tipuri de hazarde geomorfologice din aria
adiacentd raului, o evaluare cantitativa a ratelor
de migrare in plan orizontal si vertical al albiei
pentru perioada istorica si, in special, a ultimilor
decenii. In acest fel ne vom explica mai bine
unele situatii aparent conflictuale ale repartitiei
materialului de albie.

Pe baza datelor obtinute in aceastd etapa de
cercetare, materialul de albie al raului Prut
reflectd conditiile ariei de sursa a aluviunilor,
dominata in proportie de peste 80% de rocile
friabile ale Platformei Moldovenesti si de
potentialul de eroziune relativ redus din bazin.
Acest material provine in cea mai mare parte
din remobilizarea depozitelor din perimetrul
albiei, in special, avale de lacul Stanca-Costesti.

In ce priveste calitatea materialului de albie,
se disting doua sectoare:

- amonte de lacul Stanca-Costesti, cu o
lungime de 89 km, dominat de pietrisuri cu
D50 de 15 mm la Orofteana si 7 mm la
Mitoc, in proportie de pand la 80%. Albia
minora reflectd conditiille geologice si
geomorfologice ale bazinului superior al
Prutului, unde apar sisturi cristaline si roci

de flis pe aproape 40% din suprafata
bazinului pand in acest punct, dar si un
potential energetic al reliefului capabil de
transportul unor materiale grosiere spre
albia minora.

- avale 37 km de la barajul Stanca-Costesti si
pana la confluenta cu Dundrea, dominat de
nisipuri in proportie de 99% bine sortate, in
special, in zona de ingustare maxima a
bazinului.

Lacul Stanca-Costesti se suprapune (dar fara a
fi cauza) pe ,saltul granulometric” de la
pietrisuri la nisipuri (trecerea brusca de la
particule de 8 mm la cele de sub 1 mm). Este un
fenomen bine cunoscut in literatura de
specialitate prin controversele iscate asupra
cauzelor penuriei de particule, la care ne-am
adus si noi contributia prin cercetarile asupra
raurilor din bazinul.

O observatie cu totul deosebitd este efectul
barajului  Stidnca-Costesti asupra realizarii
»pavajului hidraulic” in albia raului Prut pe o
distanta apreciatd de noi la 37 km, un sector in
care apele lipsite de incarcatura solida din lacul
din amonte a ,,spalat” materialul mai fin din
albie, ramanand cel grosier, mai greu de
indepdartat. O mare parte din pietrigurile
observate de noi sunt alcatuite din materialele
colturoase ale toltrilor in care este adancita albia
in acest sector.
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Evolutive interpretation of the landslides from the Miron Caproiu
Street Scarp (Eternitatii Street — V. Alecsandri Street) —
Breaza Town
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evolutive
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Landslides are amongst the most damaging natural hazards in the Subcarpathian Prahova Valley, especially in the
context of a higher increase of the dwellers’ number after 1990. The great variety of landslide types mirrors the
diversity of local conditions and the particular combination of factors that render the slopes unstable.

The landslides of the Breaza scarp belong to the period of occasional reactivations, with periods of relative stability,
marked by creep processes on the active escarpments and appearance of cross cracks parallel to the scarps or within the
mass slide.

Mass movements have various forms and dimensions, less profound landslides being the most frequent; they are recent
or reactivated in the body or lateral scarps of the masses that were previously moved.

In this paper we systematized the results of field investigations spread over five years. Field mapping and computer-
based analysis using the location of landslides, as well as morphographic aspects, geology, soil, forest and land-use
databases allowed us to identify some evolutionary patterns.

The topographical survey of the landslide named Miron Caproiu — Al was accomplished with a Leica TC 805 Total
Station, at a scale of 1:5000, in 2003, and with a Total Station, model SOKKIA SET610, in 2005. The surface was not
covered with a rectangular grid, but with profiles traced along thalwegs and micro-depressions. On an area of 29,521 sq.

meters, with a length of the sliding mass of 369 meters, over 6,000 points were determined.

1. Introduction

Field surveys executed during the last five years
along the Prahova Valley scarp of Breaza
locality permitted the mapping of several
landslide categories. These landslides are
characteristic for a 7-15° dip of the scarp,
occurring in the proximity of built-in areas and
leading to a wavy aspect of the landscape.

Several stages of the landslide development

were documented:

e Development of fissures, cracks, sometimes
filled with freatic water, before the mass
rupture in the rock;

e Appearance of break and falling/sliding of
the material until reaches a final equilibrium
state;

e Occasional reactivations of the major
breaking surface and/or minor surfaces
within the slided rock mass, with seasonal
variation.
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The studied landslides, called here the ,,
Miron Caproiu Street landslides” (between the
Eternitatii Street, at the cemetery and the Morii
Street), had completely destroyed six houses
placed on the margin and edge of the terrace,
while numerous rudimentary repairs were
undertaken at the other houses of the area (these
houses, all 50-70 years old, are considered light
buildings, without foundation, with a wooden
structure covered by clay). Shallow to medium
deep landslides, both new and reactivated,
dominate in this area. Reactivations are located
in the lateral crevices of the older landslides.
Some of the landslides are naturally stabilized,
especially through the gardens located as an
extension of the built-in area; naturally grown
grasslands or planted orchards occupy the wavy
landslide surfaces, leading to a popular
perception that landslides do not represent a
natural hazard.
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The raise of interest for real state
developments in this urban area after 1990 was
not accompanied by corresponding access route
systematization. Thus, for example in M.
Caproiu Street problems related to the traffic
intensity and load, as well as those related to
water drainage (including household waste
water) were completely overlooked.

After 1990-1992 new building constructions
took place — large scale weekend houses with
one or two floors and the ground floor partially
dug into the substrate. These ,,cuts” into the
slope, as well as digs executed to construct
foundations and lay underground cables and
pipes — represent probably the immediate
anthropic cause that led to the landslides of
1997, ad after them to those from the fall of
2005.

The field studies carried out during a period
of five years along an extended sector of the
Prahova Valley, allowed understanding the
wide picture of the landslide processes, as well
as the identification and description of the local
lithological and structural setting. The studies
included direct field observation and geological,
geomorphological and  pedogeographical
mapping, shallow excavations, trenches and
boreholes; over 50 samples for geotechnical
analyses were collected. The Miron Céproiu
Street — Eternitatii Street landslides was
periodically mapped with total station (between
2003 and 2005) and the development of the
landslide monitories through witness marks.

2. The M. Caproiu Street landslides (between
the Eternitatii and V. Alecsandri Streets)

2.1. Local lithological features

Downstream from the confluence between the
Prahova and Belia valleys, the outcropping
deposits belong to the post-tectonic cover
(fig. 1). From Breaza de Sus — Plaiu Cornului
towards the Doftana valley there is the Breaza —
Buciumeni syncline, with a west — to — east
orientation; it has the greatest development and
the deepest descent in this direction. This
syncline has equally developed flanks and is
axially faulted. The southern compartment of
the structure s uplifted along the Breaza fault.

The axis of the syncline passes through the
center of the town and continues in the left bank
of the river to Frasinet; from here, it is
translated towards south along some transverse
faults, until it reaches a position south of Lunca
Mare, in the Doftana valley.

In the flanks of the Breaza — Buciumeni
syncline (and leading to a prominent landscape
especially in its southern flank) Lower Miocene
deposits are present.

Centimeter to decimeter thick, bedded
sedimentary formations build up the landslide
area. These are represented by marls,
mudstones, compacted sands and gipsiferous
marls. The sands are extremely permeable, with
a consistency index similar to hard rocks. The
characteristic fingerprint is represented by a
mudstone at the ,,very active” boundary. The
mudstones are ,.contractile mudstones”. The
geotechnical features suggest the presence of
clay minerals capable of expansion — illite and
montmorillonite — that increase their size when
in contact with water. When wetted, their
shearing resistance drops severely and this rock
type represents the sliding surface along which
the landslides are initiated. At least at two
different levels gypsum occurs as 0,80-1,20 m
thick beds or decimeter — to — meter thick
blocks. The gypsum beds formlines of relief
that supports and guides the slided rock mass.

The gypsum (CaSO42H,0), a soft rock made
up of only one type of mineral, decomposes in
the presence of water. This process develops at
a gradually increasing pace and results in a soft,
highly plastic, saturated bed with essentially no
shearing resistance. The deposits overlying
these gypsum beds slide gravitationally, even at
low dips (Legget and Hatheway, 1988). The
gypsum beds overlay a succession starting with
decimeter thick medium to fine grained
sandstones with carbonate or gypsum cement
and chaotically arranged gypsum or anhydrite-
filled fissures. These are followed by
centimeter-thick grey-blue marls with shaly
sandy marl intercalations. The dissolution
process is promoted by the infiltrated rainwater,
either drained along the street drainage network
or redirected by anthropic constructions:
foundations, wells, septic fosses, canals etc.
When the critical value of stability is reached,
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the in-mass slide of meter-thick successions is
initiated, involving also the levels whose
stability was lowered by gypsum dissolution;
this phenomenon was documented following
the rainy season of September 2005.

In the edge of the Breaza terrace, tuffs were
identified at the middle of the escarpment,
under the house nr. 66, within an outcrop
developing into a new landslide. The upper part
of this slide (monitored along 3 years) is
obviously advancing.

The field studies show that the landslides are
generally medium deep, affecting the soil and

only the superficial level of the underlying
rocks; they have a thickness of 1,5-2 m, rarely
exceeding 3-5 m. The landslides are
consequences of rainwater infiltration through
the terrace sediments down to the described
lithological levels; this causality is perceived
correctly by the local population, as shown by
the polls (see Armasg et al., 2003). Rainwater
infiltrates through the gravel beds and
re-appears in the side of the terrace as springs.
Due to them landslides develop at the edge of
the terrace, continuously undermining it (as
seen in the case of nr. 66 Miron Céproiu Street).
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2.2. Geomorphological and instability
features of the Miron Caproiu — Al
landslide

The steep slopes of terrace Il (in the Miron
Caproiu — Al area) is shaped by a complex
series of adventive, active landslides, centered
on the main landslide (photo 1). The slope is
fragmented by amphitheatre-shaped slide
crevices, 10-15 m high. The slided material
forms forested waves, covered by willow.
Reactivations and slow movements appear
especially in rainy years, affecting the street
network. In the slope up to 5 m high secondary
breaking crevices appeared, with a regressive
development. As a consequence, the width of
the street is reduced, locally to less than 2 m. In
certain sectors, flowing slides or even mudflows
also occur.

1nr. 66

Photo 1 The Al landslide in July 2005, seen from the
left bank of the Prahova (arrows show the main
directions of movement, cross-hatching represents the T1
surface, continuous lines mark the contour of the main
slide waves from the slope base)

The morpho-dynamical analysis shows a
continuous retreat of the breaking crevices
during the study period, especially in the central
area, along the motorway. This process is
countered by filling and consolidation of the
motorway. The filling material breaks down in
a ladder-like pattern, especially during the rainy
seasons, when the surface drainage along the

Eternitatii  Street is accompanied by a
subterranean drainage (suffusion type). The
drainage is following the axis of the route. The
gravitational process starts as falls, developing
into rotational slides.

The slided rock mass overstepped the
structural ledge (shown as interrupted line in the
photo) during the spring-summer of 2005,
oriented by the gypsum levels. In the ledge a
secondary breaking crevice developed.

The steps made up of the slided filling
material falling periodically from the central
breaking crevice accumulate at the base of the
slope, being renewed during the rainy seasons.
In the upper half of the landslide, the material
moves along a direction controlled by the
gypsum levels, then is reoriented to the Prahova
Valley; there is a relative stopping period on
terrace, at 30 m relative altitude. Field
observations during the study period showed a
removal of the material from the slide waves of
the breaking crevice through drainage on the
structural surface. A central, very active
drainage alignment is  obvious, being
continuously supplied from the breaking
crevice. The secondary landslide below house
nr. 66 is less active.

In the body of the main landslide there is a
drainage that presents opportunities for
stabilization and regularization, placed in the
southern extremity. This drainage presently
supplies ponds and small swamps, having
numerous course changes especially due to fact
that the area is a grazing land.

The analysis of the spatial and morphological
features, as well as that of the flow directions
and the stability of the slided masses, led to the
identification of  several genetical,
morphological and morpho-dinamic models of
the landslide. At the edge of the terrace, on the
Miron Caproiu Street intersection with the
Eternitatii Street, the studied landslide can be
included in the model M-A1l separated by the
authors (Miron Caproiu — Al landslide; fig. 1
and 2, see also Armas et al., 2003).
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Fig. 2 Model of evacuation of the deluvial mass, M-ALl, as specific to the syncline flank

O A2 landslide, September 2005, from the cooperation

Examples of this type of landslide occur, at a
smaller scale, on the southern edge of the
syncline and, somewhat larger, in the axial part.
These led to the ,,opening” of ,,small bays” in
the slope, with a uniform frontline. The
landslide is made on the bed surfaces and
probably interferes with ,,moments” of fall from
the edge of the undermined terrace or even from
intermediate steps. Through area extension, the
break crevices might fuse, leading to the
development of embayment’s that cut deeply in
terrace II.

2.3. The M. Caproiu — V. Alecsandri streets
landslide (in front of the cooperation),
Miron Caproiu — A2 landslide

The evolution of the slope and development of
the landslide during September 2005 was
conformable to that proposed in the model
developed (Armas et al., 2003). Following
heavy rains, a sudden collapse involving filling
material occurred, leading to the destruction of
the motorway, fall-out of an electric pole,
destruction of a well and unearthing water pipes
and electrical cables (photo 2).

This landslide is deep, and was initially
directed, in the shape of partially stabilized
waves. The presence of active lateral crevices

The A1 landslide and the secondary landslide from nr. 66 M. Caproiu Street

led soon to the development of a rotational
landslide, controlled by the bedding plane,
towards the fold axis.

The slided surface overlays an area with
interbedded sandstones, shales and marls,
covered by gravely-sandy terrace deposits.

The presence of steps and grooves, oriented
transversally, was noted — these represent
natural crevices and small valleys, existing
before the development of the present
motorway. This suggest that during the
development (widening) of the motorway,
several crests were cut, unearthing the rocky
underground, while small valleys and
depressions were filled in. As a result, the
motorway is underlaid by a feebly compactized,
high permeability infrastructure.

The vulnerability of this area is augmented by
the lack of drainage systems to collect rainwater
as well as surface waters flowing along the
street (that is slightly dipping from the direction
of the city center).

During warm, arid time periods, the eastern
exposure of the slope lead to increasing dryness
of the sliding surfaces and apparent stability;
this is however, reversed during rainy periods.
It is during these moments (showed statistically
as being perceived as such by the local
inhabitants) that the landslides initiate, controlled



70 luliana ARMAS, R. DAMIAN

also by geological factors (dip of the strata, the
particular syncline structure, attendances of
permeable and impermeable beds.

The wetting of the sandy beds, due to
rainwater, reaches the level of the sand-
mudstone boundaries. The amount of the
supplied water is increased by the free-flowing
groundwater from under the terrace gravels, by
the household waste waters (due to defectuous
waste water management). This process is
continuous and represents the main and

constant element of instability. As soon as the
critical level is reached, the wetted rock mass is
set in motion, through decollment and sliding of
the rocks along the bedding planes, in a north-
eastern direction.

Photo 2 The landslide at the margin of the Alecsandri
Street (September 2005); the paths of the pipes and
electric cables that led to slope instability; in the right
side, the cobbles of a well felt into the breaking crevice

The lithology, geological setting and field
observations made the second day after the
initialization of the September 2005 landslide
(small, wet breaking crevices, sliding slopes, free-
flowing water) suggest the presence of a process
that threatens the stability of the foundation for an

-
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electric pole and transform station from the side of
the road.

Moreover, the position of this electric pole is
further weakened by local instability factors due to
constructions: almost horizontal leveling — without
possibility of water discharge and covering with
concrete of the courtyards, construction of
transverse support walls; all these led to the build-
up of a system that stories water under pressure (nr.
68 M. Caproiu Street). This water is partly
discharging towards north (the plea of the
landslide). The presence and fluctuations of this
water volume are demonstrated by the existence of
a spring within the courtyard of nr. 68 M. Caproiu
Street (shown by arrow in photo 2). The excess
water storage leads to instability of the area
extending to the the Miron Caproiu Street. The
landslide is very active and develops regressively
within the terrace. Up to the fall of 2006, no
security measures were taken to protect the area,
except for a sidewalk fence.

The landslide started with a fall of the
material from the edge of the terrace and its
reorganization at the base, pushing and covering
material resulting from a previous fall. Within
the body of the fall, there is a previously
destroyed building; the pushing effect of the fall
affected (through rotation and rolling over) the
remnants of this building.

The ,widely open embayment” contour,
representing a level of relative equilibrium, is
currently being remodeled by a new contour
“invasion”. It is probable that this new, minor arc-
shaped structure will continue its northward
development. Some fissures evident in the
motorway are already suggesting this trend (see
fig. 3).

Pre — 2005 landslide

”~ \  September 2005 landslide

¢ : > The possible contour of the further landslide
Possible evolution through successive breaks
— Direction of movement

Fig. 3 Probable evolution for the September 2005 landslide
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From A to B (fig. 3), the arrow A shows the
direction of the already started slide towards the
distal part of the breaking crevice arc,
practically aligned with the axis of the road.

In the present, the landslide developed locally
superimposed sectors, with steps and waves of
different generations. It will be supplied at its
upper part by continuous processes of creep and
fall from the retreating terasse edge, which is
currently open and steep. A major impact is that
of the suffusion process, the water discharging
from under the terrace gravels as springs, with
increased water supply during rainy seasons. In
the possibility of the presence of some gypsum
levels suggests that these will reorient the
sliding mass as soon as they will be reached
(similarly to the case of landslide Al).

The movement of the material is done along
the steepest dip of the slope. Direction changes
occur on bed surfaces, and the slided body
shows several stacked waves, with increased
thickness towards the base of the slope. The
speed of the landslide was initially high, due to
the lithology and the occurrence of heavy rains,
leading to increased fluidity. During the 23—
25.09.2005 time period, the amount of fallen
rainwater, measured at the Prahova S. H.,
totaled at 39,5 mm (out of which 20,1 mm
during the 23rd of September). At the Campina
station, 24,2 mm water column was measured
on the 24th of September. Due to this rainfall
values, the flood along the Prahova Valley
reached peak values of 53,8 m®s on
24.09.2005, 18.00 hours, and 55,9 m®/s on
25.09.2005, 12.00 hours (Prahova S.H., Poiana
Tapului).

The drainage of the water that accumulates in
the terrace material, as well as that originating
from peripherical infiltration along the edges of
the exposed beds is converging towards the
central, axial part of the syncline. The landslide
started as a fall in the morning of 25th
September. The direction of the slide was (and
continues to be) controlled by a slight eastward
dip of the syncline; since the dip angle is
slightly less than that of the topographical
surface, water outsource and pounding occur
within the body of the slided material.

3. Conclusions

In the present, the chances of natural
stabilization of the slope are small. The
continuous expansion of the built-in areas leads
to the development of high-vulnerability
sectors; these, although restricted in surface,
represent major local risk factors.

The major vulnerability to mass transport are
present in the case of deep, flowing or waved
landslides, showing recent instability, as well as
those being active under wooded areas, or those
representing breaking surfaces developed upon
older landslide bodies in pasture areas.

The exploitation of the Miron Céproiu Street
is developing in a wrong manner and without
restrictions, regardless its constructive quality
and setting. It represents a non-standardized
road from dimensional point of view, without
infrastructure, without lateral or transverse (at
the intersection with perpendicular streets
descending from the city centre) drainage
system and periodical traffic with heavily
loaded trucks.

The road is intimately influenced by a series
of old-fashioned active wells (with a diameter
of about 1,20/0,80 m), some not used as water
supply, with a fluctuating, active hydrostatic
level (the water level, as measured in June, is
less than 2 meters from the surface, at a water
depth of 2,55 m).

Recently, along the road — within the range of
the access road — several interventions took
place: digs for foundations of electric poles of
different dimensions, installation of water pipes
and electric cables, and probably also for other
reasons as well.

The road itself, as morphological surface,
represents a local base for water infiltration and
drainage; the material and mode of building
makes it a drainage way for water from under
the terrace gravels. All these contribute to the
development of landslides in the upper part of
the slope. In the lower half of the slope, the
material presents locally a higher fluidity,
leading to the development of large fans into
the Prahova floodplain. Several geotechnical
works within the floodplain, built to protect the
motorway, railway or pipelines, permit the
development of pounded areas with in-excess
humidity.
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The building activities and extension of the
anthropically modified surface within the area
led to further effects that promote landslide
formation. These effects include affecting the
natural stability of the area, especially through
in-excess introduction of water in the
underground. This is done through water works
for household supply constructed in an
unprotected and uncontrolled manner; the lack
of monitoring in the waste water disposal,
through drainage systems either not constructed
to meet the current needs or constructed for
other reasons, in many cases used, flawed and
with many shortcomings. Moreover, since
household water is mostly supplied by wells,
building of a large number of new houses led to

manner the groundwater table. These effects are
supplemented by the significant water losses
from the ,,industrial systems”.

In the meanwhile, the lack of an adequate
canal network for water supply and disposal in
this part of the city, on the edge of the Prahova
terrace, in concurrence with the aim of assuring
comfortable living  conditions, led to
compromises that affect adversely both the
traditional  local community and the
environment.

As a general conclusion, we underline that the
studied sector is highly instable and vulnerable;
any kind of anthropic activity, not taking into
account the local conditions, will only led to
further degradation of the local conditions.

several new wells perforating in an unplanned

REFERENCES

ARMAS I, DAMIAN R, STROIA FI. (2007), Vulnerabilizarea versantilor prin impact antropic. Studiu de caz: versantul
terasei Breaza — valea Prahovei/Romania, Lucrarile seminarului geografic ”’Dimitrie Cantemir”, 27, sub tipar.

ARMAS I. (1999), Bazinul hidrografic Doftana. Studiu de geomorfologie, Ed. Enciclopedica, Bucuresti.

ARMAS 1. (2006), Risc si vulnerabilitate. Metode de evaluare in geomorfologie, Ed. UB, Bucuresti.

ARMAS 1., DAMIAN R., SANDRIC 1., OSACI-COSTACHE G. (2003), Vulnerabilitatea versantilor la alunecari de
teren in sectorul subcarpatic al vaii Prahova, Ed. Fundatiei Romdnia de Maine, Bucuresti.

CROZIER M. J. (1986), Landslides - Causes, Consequences and Environment, Croom Helm, London.

DINU M., CIOACA A. (1997), Some geomorphological risk factors in the Curvature Carpathians and Subcarpathians,
Geografia Fisica e Dinamica Quaternaria, Comitato Glaciologico Italiano, Torino, 19.

GRECU F. (1999), Potential land uses in the Prahova Subcarpathian area, in vol. Geography within the Context of
Contemporany Development, 6-7 june 1997, Cluj Univ. Press, Cluj Napoca.

GRECU F. (2002), Risk-Prone Lands in Hilly Regions: Mapping Stages, Applied Geomorphology: Theory and
Practice, John Wiley and Sons, London.

GRECU F., COMANESCU L. (1998), The dynamic state of the slopes affected by landslides in the Subcarpathian
Prahova Valley Area, The Romanian — Italian workshop on landslides, Oradea.

GRECU F., PALMENTOLA G. (2003), Geomorfologie dinamica, Ed. Tehnicd, Bucuresti.

LEGGET R.F., HATHEWAY A.W. (1988), Geology and Engineering, McGraw Hill Book Company, London.

MAC I. (1986), Elemente de geomorfologi dinamicd, Ed. Acad., Bucuresti.

PARASCHIVESCU C., NICOLAE M., RADUCU M. (1973), Studii geologice privind alunecarile de teren din zonele
Cdampina, Provita, Gura Beliei, Varfuri, Runcu, Malu cu Flori, Cdmpulung, jud. Ph. Perimetrele Telega—
Bustenari, 1.G.P.M.S. Bucuresti, Arh. [.G.R. (nepublicat).

PARICHI M., ARMAS 1., VARTOLOMEI Fl., (2007), Evaluari pedologice si morfodinamice pe valea Prahovei
subcarpatice, An. Spiru Haret 9, sub tipar.

PARICHI M., ARMAS 1., VARTOLOMEI FI., (2007), Informatia pedologicé in evaluarea vulnerabilitatii versantilor la
alunecdri de teren. Studiu de caz: orasul Breaza, Lucrari si rapoarte de cercetare, D.T.D.G., vol. 2, sub tipar.

PIKE R. J. (1988), The geometric signature: quantifying landslide terrain types from digital elevation models,
Mathematical Geology, 20, 5.

POPP N. (1939), Subcarpatii dintre Ddmbovita si Prahova, Studii si cercetari geografice, I1I, SRRG.

POSEA GR. (2002), Geomorfologia Romdniei, Ed. Fundatiei ,,Romania de Maine”, Bucuresti.

SANDULESCU M. (1984), Geotectonica Romdniei, Ed.Tehnica, Bucuresti.

SURDEANU V. (1982), Consideratii asupra depozitelor deluviale, caracteristici fizice, Bul. St. I1.S., Suceava.

SURDEANU V. (1982), Recherches experimentalles de terrain sur les glissements, Studia Geomorph. Carpat. Balcan.,
XV, Krakow.

SURDEANU V. (1990), Sistemul geomorfologic al alunecarilor de teren, St. Univ. Babes-Bolyai, 2.

SURDEANU V. (1998), Geografia terenurilor degradate. /. Alunecari de teren, Presa Universitara Clujeand, Cuj Napoca.

* University of Bucharest, Faculty of Geography
** University of Bucharest, Faculty of Geology and Geophysics



The role of geological factors in relief modelling
in the Subcarpathian sector of Rimnicu Sarat basin

Marian ENE
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Rolul factorilor geologici in modelarea reliefului in sectorul subcarpatic al RAmnicului Sirat: In modelarea
reliefului in sectorul subcarpatic, un rol important 1l detin factorii geologici. Miscarile neotectonice, prin rata de inaltare
a reliefului, intretin continua dinamicd a proceselor actuale de modelare. Miscdrile seismice au un rol sporadic,
favorizand accelerarea unor procese pe termen scurt (alunecari si prabusiri). Rolul determinant in tipul si intensitatea
modelarii il au litologia si structura. Sectorul subcarpatic al bazinului Ramnicu Sarat este caracterizat de prezenta
rocilor sedimentare cu grad mare de plasticitate (argile, marne §.a.) si erodabilitate (pietrisuri, nisipuri, gresii si
loessuri), favoruzand desfisurarea unor procese gravitationale (solifluxiune, alunecari de teren, curgeri noroioase,
prabusiri s.a.) si hidrodinamice (pluviodenudare, ravenare si torentialitate).

An important role in modelling the relief of
Subcarpathian sector of Radmnicu Sarat basin is
hold by the geological factors, either they are
tectonic movements or lithology and structure.
Their influence is not negligible at all, because
they can determine the way and intensity of the
current relief modelling, among other factors
(climatic, hydrologic etc.).

Tectonic movements have a conditional and
releasing role in the current relief
morphodynamics of the Ramnicu Sarat basin.
Neotectonic movements and earthquakes are the
two types of neotectonic manifestation which
affect the studied area, with direct consequences
over the way and speed of current
geomorphologic processes unfolding.

Neotectonic movements:
current geomorphologic landscape of the
Curvature  Subcarpathians  shows  their
youthfulness, as a result of high recent tectonic
mobility which had conditioned the relief
modelling. This neotectonic mobility of the
region, which is still active, is confirmed by the
tectonic sesibility, as well as by the
morphologic character of the valleys, with
tectonically deformed terraces. It has given an

The specific of
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impulse to erosion and gravitational processes,
strongly influencing the evolution and current
aspect of the Curvature Subcarpathians. Active
morphodynamics  has  transformes  the
Subcarpathian sector of the Ramnicu Sarat
basin into a very broken up relief unit, with
obvious local differences, as a consequence of a
relatively differentiated morphodynamics, in a
rithm conditioned by the local tectonic mobility.
In the studied area it has been registrated a
relief uprising of 1,5 — 2,0 mm/year in the Mio-
Pliocene sector and 0,5 — 1,0 mm/year in the
Quaternary sector, a phenomenon reflected by
the deep cutting of the hydrpgraphic network,
by the intensification of slope modelling and
acceleration of landslides releasing and
evolution.

Earthquakes are seismic movements which
have a substantial contribution to the landslides
releasing as a consequence of disturbing the
equilibrium of the deluvium. Seismicity of the
Vrancea area joins the alpine range one, locally
being directly bounded with the still active
faults (Posea, 2002). Vrancea earthquakes are
intermediary (the depth of focus under 170 km),
periodically releasing a huge quantity of energy
and generating big material damages and
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human lives losses. After the 1977, March 4
earthquake, in the Ramnicu Sarat basin have
shown up a series of phenomena caused by the
seismic movements. Thus, there have been
formed fractures and cracks in the harder rocks,
especially in the Subcarpathian depression
,Intre Ramnice” and in the intern Subcarpathian
hills. Within the perimeters Chiojdeni, Motnau
and Buda have been released a series of
landslides, and other released ones have
accelerated their evolution.

Lithology and structure. Lithology and
structure constitute as major potential factors,
with a role in current geomorphologic processes
unholding by two means:

e Dby imposing the form, length and slope
declivity degree;

e by imposing the types (structure) and intensity
of current geomorphologic processes
(lithology).

Lithology, by the great variety of petrographic

facies (fig. 1), is a major conditioning factor of

the relief  modelling. The  Curvature

Subcarpathians, including the Subcarpathian

sector of the Ramnicu Sarat basin, are made of

a large palette of sedimentary rocks, of different

ages, grouped in lithologic facieses with a

different behaviour to the modelling subaerial

factors. The great variety of lithologic facieses,
the presence of permeable and impermeable
rocks, strong and soft, the appreciable weight of
some conglomeratic, sandstone, tuffa, marl and
clay strata, the presence of soluble rocks (salt),
impose the releasing and unfolding of some
active current geomorphologic processes, which

sometimes are agressive (table 1).

The oldest formations, represented by
Palaeogene flysch deposits, are found at the
contact betwee the Subcarpathians and the
mountains, in the western sector of the
Subcarpathian depression ,Intre Ramnice”.
They are made of Eocene formations (gritstone
flysch with schistous intercalations, clayey
schists, gritstone-limestone flysch, marls and
marnolimestones) and Oligocene (bituminous
flysch, clayey schists, conglomerates, gritstones
and gypsum). These are found in the
Subcarpathian depression ,,Intre Réamnice”,
more exactly in the Bisoca Hill, Moldoveanu

brook, inferior sector of the Saritelu brook,
Plaiu Plesi and under the Eocene plate which
extends in the Plaiul lui Cojan — Podul Mandru.
The relief forms developed on these formations
are dissolution forms, rockfalling, caves,
suffusion valleys, avens etc. Towards east there
are succeeding the inferior molasse deposits,
which belong to the Miocene sedimentary
cycle.

Aquitanian period is characterized by the salty
breccia (block clays, gypsum, clayey schists)
and salt, imposing specific pseudokarstic relief
forms. The Palaeogene flysch deposits are
strongly affected by landslides, especially
where the griststone bundles lay on marls,
which constitute a sliding bed for the first
(picture 1). At the gritstone walls basis,
someplace risen vertically, taluses are extended.

Picture 1 Landslides in the Palaeogene flysch area,
where Siritelu creek leaves the mountains

Burdigallian, Badenian and  Tortonian
formations are disposed alternativelly, in
pleated strata, refounded in the Subcarpathian
depression ,Intre Ramnice” and in the internal
Subcarpathian ~ hills. ~ Main  rocks are
conglomerates, gritstones, clayey schists, tuffa,
clayey marls and sandy marls and also the
superior salt formation (Dl. Sdarii, Poiana
Marului). Most of them are modelled by mass
displacing processes.

From the Casin — Bisoca fault to the east there
are developed the superior molasse formations,
fallen in the Sarmatian — Pliocene sedimentary
cycle. Most of them are modelled by subaerial
agents. Thus, Sarmatian is made of gritstones
with sarsen stones (Ramnic Valley douwnstream
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of Jitia de Jos), low consolidated rough sands
alternating with gritstone concretions and
secondary clay and marl intercalations (picture 2).

The gritstone sands which alternate with clay
and marl bundles are also Sarmatian, very liable
to gravitational displacing (landsliding).

Meotian, Pannonian and Dacian sedimentary
formations are made of gritstones, marly
gritstones, oolitic gritstones, marls, sandy marls,
sands, sands and clays, with a large spreading
area (internal Subcarpathian hills on the eastern
side, external Subcarpathian hills, intrahilly
depression of Dumitresti).

PR . &= .

Picture 2 Sarmatian gritstones with sarsen stones in
the right bank of Rimnicu Sarat brook, downstream
Jitia de Jos village.
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Fig. 1 Geological map of the mountainous and Subcarpathian sector of the RAmnicu Sarat basin
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Romanian is represented in the Subcarpathian
sector of the Ramnicu Sarat basin by a alluvial-
deltaic deposits complex made of a succesion of
fine yellow sands, some places with
intercalations or red spots, clayey sands, sandy
clays and grey marls, sometimes with thin
intercalations of rough sands.

In a permanent sedimentation there follow
similar deposits which belong to the Plescoi
strata, which mark in this external
Subcarpathian ~ sector  the  basis  of
Villafranchian. There are rocks liable to
raindrop impact, torrential erosion and
landsliding. In the outcrop caused by the lateral
erosion of Ramnicu Sarat brook and its main
affluents there can be observed rockfalls and
landslides at the banks basis. These Plesoi strata
mainly appear in the outcrops from Dumitrstii
de Sus and Motnau villages, at the Motnau and
Ramnicu Sarat confluence (picture 3).

Picture 3 Mudflow on Villafranchian deposits in the
lower Motnau basin

Candesti strata were formed in the inferior
Quaternary and they are made of an irregular
alternation of clays and marls with sands and
small gravel lenses. To the upper side sands
prevail and the gravel intercalations have
meters in weight. They can be observed clearly
on the right side of Ramnic valley, downstream
Dumitresti, on the interfluve which separates it
of Calnau. Fratesti strata are also inferior
Quaternary, being mostly made of gravels and
blocks with thin sandy and sandy clays
intercalations, with a weight varying from

60-70 m in the left bank of Ramnic brook,
downstream Mucesti — Damulesti, to 100 m
north to the Baba Hill, on the right bank of
Ramnicu Sarat. These Candesti and Fratesti
formations are very liable to torrential action,
with landsliding where clay intercalations appear.

Middle and  Superior
exclusivelly  represented by  continental
sedimentary  deposits, especially loessoid
deposits of 20 m thick in the eastern side of the
piedmont glacis. On the interfluve between
Calndu and Ramnicu Sarat valleys, loessoid
deposits are replaced by sandy — dusty clayey
materials, with ferromanganese concretions.
Superior Pleistocene is especially founded as
accumulation on the superior, middle and
inferior terraces, as loessoid or proluvial
deposits. Proluvial accumulations are mainly
made of gravels and blocks with sandy and
clayey intercalations. Main processes that act
upon these formations are torrential and surface
rain washing.

Pleistocene is

As a conclusion, we can say that all this
petrographic mosaic which is specific to the
Subcarpathian sector of the Ramnicu Sarat
basin determines a few lithological complexes
essential to the relief modelling, as it follows
(table 1):

» Salty breccia complex, which belongs to the
Aquitanian and Burdigallian, has gritstone
and limestone blocks, conglomerates, all
being caught in a sandy-clayey matrix.
Where salt and breccia appear up-to-surface,
intense disolving, subsiding and suffusion
processes occur. Removing the salt and fin
particles of salty breccia by rainwater or
phreatic water disolving causes the occuring
of some specific pseudokarstic relief forms
(dolinas, avens, whirlpools, underground
channels, karren grikes a.s.).

» The complex of consolidated and partially
consolidated gritstones and conglomerates,
with a frequent alternative disposure. In the
most cases gritstones are insufficiently

consolidated, with a middle to high
granulation, which makes it relatively
sensitive to degradation and slopes

modelled on these rocks being covered by
alterated sandy deposits, partially solified.
At the basis of granular mechanical
weathered cliffs sometimes accumulate high
quantities of fine materials.
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» The complex of gritstones with clays and
marls intercalations, very often met in the
Miocene sector of the Ramnic Subcarpathian
sector, makes that differential erosion
emphasizes structural relief forms. This
alternation often determines the sliding
of gritstone bundles over the clayey or
marly bed.

» The complex of clays and marls that
especially characterizes depression areas
generally imposes a gravitational modelling.
Surface deposits, mostly clayey, present
high thicks, covering allmost entirely or
even the entire slopes.

» The complex of Candesti and Fratesti
gravels provides by a strongly deep cut
reliefwith many ravines that have a large
cross prophile, large torrential valleys, some
of them being drowned into their own
materials. These gravels are made of very
roll pieces of Cretaceous and Palaeogene
gritstones from the flysch area, crystalline
and amorphous limestones, granite etc.,
bounded with a clayey-sandy cement. They
often contain a rough sandy lenses and to
the basis are frequent clayey and clayey-
sandy intercalations.

» Alluvial deposits of the main valleys beds
and those from the terrace bridges, with
varried thicks and granulometric contents,
specific to the colluvial-proluvial deposits.

After presenting the stratigraphic, phiysical-
mechanical and chemical particularities of the
sedimentary deposits with very varried ages and
facies, there results their liability to releasing
current geomorphologic processes, but especially
to landsliding.

Structure is another conditional geological
factor which primarily sets the type of
geomorphologic process that models the relief.
The Curvature Subcarpathians have the most
complex structural evolution, differenced on
compartments (fig. 2).

Between Trotus and Calndu rivers has been
felt the collision of the Subcarpathian area with
the proper Carpathian orogen, tectonical
movements causing an early emergence
(Pliocene), but also a tight, faulted, dislocated
and drifted folds structure, like the mountainous

one. In the central and external side, structural
characteristics are determined by Quaternary
neotectonical movements, which have caused
the forming of a monoclinal structure relief with
different inclination of strata from a sector to
another.

Cuestas, hog-backs and structural valleys are
specific, as structural relif forms. In the
mountainous sector of Ramnicu Sarat basin can
be remarqued the drifted, pleated structure of
the Palaeogene flysch, marked by a few
alignments. All this anticlines and sincline
succession stands out by the parallel disposure
on the general direction NNE — SSW.

There can be noticed the successive
alignments of anticline summits (Dealul
Urzicariei — M. Malusel, Puntea Martinului —
DIl. Poienei, Monteoru — Dealul Fata with
Varstel — Masa lui Bucur), arranged from west
to east, with well forested slopes, which blocks
in a large measure the action of current
geomorphologic processes. Among these, two
chains of summits develop on some sinclines
axes (Coama Scaldatoarei — DI. Martinului and
Dealul with Catina — Coama Purcelu — Fata
Lungd). All these parallel summits are cross cut
by Ramnicu Sarat and its affluents which rise
from the mountain (Monteoru, Fur and Saratelu,
Martin).

In the Subcarpathian depression ,Intre
Ramnice” the relief is closely bounded with the
pleated structure, the valleys which cross
perpendicularly or diagonally the axes of scaled
folds, presenting a succession of large and
narrow sectors which could hardly be noted.

The central summit that unfolds from north-
north-east to south-south-west (Magura with
Tisele — Magura Summit — DI. Toporasul — DI.
Sindrila) is developed on an anticline axis,
being limited to the south of Ramnicu Sarat
river by two sincline summits, Moldoveanu to
the west and Dealul Vacii Rele to the east. Here
in this depression sector also can be noticed
Rémnicelu valley, an affluent of Ramnicu Sarat,
which unfolds almost on its entire length on a
sincline axis. In all these alignments developed
on pleated structure, an important role in slope
modelling has had the alternation of soft strata
with the tough ones which gave a typical relief
(picture 4).
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Fig. 2 Morphostructural map of the mountainous and Subcarpathian sector of the Ramnicu Siarat basin

Paraul Cerbul

Picture 4 Dealul Toporasul, developed on an anticline
axis, with tough gritstone strata alternating with
gypsum and tuffa strata

In the monoclinal sector, the hydrographic
network has evolved directly connected with
the inclination direction of strata and their

alternation, giving typical relief forms for this
type of structure (cuestas, hogbacks, structural
valleys). Modelling of internal Subcarpathian
hills, of internal depression of Dumitresti, of
external Subcarpathian valleys and Subcarpathian
glacis had given a plenty of cuestas, most of
them orientated eith the front to west-north-
west and to west, at the basis of which are
unfolded lop-sided, subsequent valleys.
Directioning of valleys comparing to the
structure and morphological compunents of
cuesta (its front and its back) causes a few
aspects which  spotlight their  evolving
tendences. The cuesta fronts are characterized
by a special morphodynamics, given both by
the 15°, mostly over 30° inclined slopes
(especially in the Motnau, Catduti and Spidele
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valleys) and the lithological variety, the
alternation of rock strata with different
behaviour to the action of subaerial modelling
agents (picture 5).

Picture 5 Flowing landslide adapted to the monoclinal
structure of Motniu basin

The cuesta front is modelled by a series of
obsequent valleys which strongly break it up, a
new generation of inferior valleys (level 1, 2).
Three main categories are distinguished:

» Ravines and sliding valleys that affect the
cuesta front, with a very active dynamics
which determine a countinuous withdrawing
tendency of the front.

» Small torrential valleys with a strong
regressive evolution, which had generated
an obvious break of the cuesta fronts.

> Big torrential valleys, whose banks had
withdrawn by landsliding, enlarging them
and which, by regressive erosion, had
broken up the cuesta fronts.

Along with these torrential valleys, cuesta
fronts are also being modelled by obsequent,
deep and rotational landslides.

The backs of cuestas, characterized by low
inclination slopes, generally under 13-20°, stand
out by a less active dynamicscomparing to the
cuesta fronts. Although, there where under the
hills marly and clayey strata occur, landslides
release in consequent, shallow or half deep forms
which could affect a large area of the slope
surface (Motnau Valley, Catauti, Spidele etc.).

In conclusion, there might be said that the
structural  disposure  (pleated Palaeogene
formations in the western side of the basin,
Mio-Pliocene molasse formation differently
broken up: by pleating to the west of Casin-
Bisoca fault and by imposing a monoclinal
structure to east as a consequence of
neotectonical rising) has a basis role in the
unfolding mode and intensity of current
geomorphological processes.

Shallow deposits have a similar role (equally
important) in the current modelling relief. They
have weight between 0,3 m and 3-5 m, covering
almost all the slope sections of the
Subcarpathian sector of Ramnicu Sarat basin
(excepting a few petrographic and structural
steeps), terrace bridges and interfluves. On this
type of deposits stand out, depending on some
physical characteristics (granulometric composure,
permeability, plasticity and cohesion) a
gradually process passing, from shallow
landslides and plastic mudflows to ravining, in
the context of sandy formation prevailing.
According as the lithological disparity of the
shallow deposits grows, also grows their
landsliding  potential.  Unconsolidated  or
insufficiently consolidated shallow deposits,
generated Dby adulteration — mechanical
weathering (staying on or reshuffled) or by
partial displacement of the basis rock, reflect by
genesis, structure, thickness and position the
complexity of the action generated with
different intensity upon the relief by the
subaerial modelling agents.

Their thickness on slopes, summits and
terrace bridges is considered to be till the depth
that rock in situ attains and on the bottom of
valleys till the first major genetic discontinuity
of the deposits (Grecu, Demeter, 1997).

Main genetic types are: eluvia, deluvia,
alluvia and colluvia, but there still exist — in the
Ramnicu Sarat basin (mountainous and
Subcarpathian sector) - a large number of
varieties resulted from the combined action of
the agents or from the diversity of moulding
conditions.

Eluvia make a continuous cover — most of
cases — of primary adulteration deposits almost
on every interfluve, either from the
mountainous area or the Subcarpathian one,
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having less than 3 meters’ thickness. In the
mountainous area, on the larger summits of
Mount Furu, Capul Urzicariei, Prelunca, La
Steghie etc. can be identified clayey-sandy
deposits which might be periglacial. They are
made of yellow sandy clays or dusty-sandy
clays with variable thickness, less than 3-4
meters. Rough accumulation is almost missing.

In the Subcarpathian sector of Radmnicu Sarat
basin eluvia are mostly made of unconsolidated
or insufficiently consolidated formations, their
thickness being most identical with the
(solificare) stratum. On some clayey-marly
interfluves (DIl. Secaturii, Fata Poienii, DI.
Teisanu, DI. Talpei, DI. Fierului, Muchia lui
Lazar) eluvia with a loessoid clays character
and less than 3 meters’ thickness have been
formed. On the inferior, middle and superior
terraces bridges ocur loessoid deposits of 3-5
meters’ thickness (picture 6).

which have less than 40° inclination from the
mountainous and Subcarpathian sector, most of
them dating from the superior Pleistocene and
inferior Holocene.

Deluvia mean adulterated materials accumulated
on the superior side of the slope, from where
they slid and remained on it. They are
allochthonous materials, generally having a
structure and componence different from the
rock they lay on.

Deluvial slopes include the superior alluvial
zone which feeds the middle and inferior side of
the slope in the colluvial accumulation area
(Martiniuc, 1954). Where slope prophile is
complex (a frequent phenomenon in the
Subcarpathian sector of Ramnicu Sarat basin)
deluvia are ranged in tiers, alternating with
terrace accumulation or colluvial deposits
(picture 7). Most representive deluvia in the
studied area are the sliding deluvia.

Picture 6 Loessoid deposits over 5 meters’ thickness
in the sector of Subcarpathian piedmont glacis

Presence of these loessoid deposits on the
terrace bridges of Ramnicu Sarat and even on a
few interfluves of the Subcarpathian piedmont
glacis is bound with adulteration processes,
deluvial-prolluvial — processes and fluvial
processes (Bucur, Barbu, 1956; Donisa, 1968).

Texturally, there can be noticed differences
between the deposits from the superior terrace
bridges (low sandy clays) and the inferior ones
(clayey-loamy) and also between the terrace
deposits and those from the interfluvial bridges
(mostly clayey-loamy). Rough elements (1-3
mm diameter) are frequent at the basis of the
deposits from inferior terraces (Posea, Popescu,
lelenicz, 1974). All these loessoid deposits are
dating from superior Pleistocene.

Deluvia have an almost continuous spreading
on the middle and inferior side of all slopes

Picture 7 Right slope of the Ramnicu Sirat River,
where deluvia alternate with terrace accumulation,
downstream Jitia de Jos village

In the mountainous area of the Ramnicu Sarat
basin, on the slopes with less than 1200-1400
meters high slide rocks have been formed (spare
deluvia), which now are being in a high
adulteration condition, being frequently covered
by a thin soil stratum, and mixed deluvia (rough
fractions caught in a clayey or clayey-sandy
matrix). These are liable to the creep process,
having a 1-2 cm/year displacement on the
forested slopes over 15° inclination. Their
thickness reaches 10-15 meters, but it generally
don’t pass over 5 meters.
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In the Subcarpathian area fine deluvia prevail,
sandy and loam-sandy, relatively with
homogene granulation, spare material having a
low weight or missing completely.

Delimitation from the in situ rock is difficult
in many cases, especially because of the fact
that, along with deluvia, rock bundles are
caught in the sliding process, without
stratigraphical relation suffer any changes.

Colluvia occur most of the cases as transition
deposits, accumulated at the slope or terrace
fronts’ basis, often forming glacis. Colluvia are
gravitational, subaerial materials, generally
formed in the periglacial environment in the
superior Pleistocene, although they were
strongly transformed in the Holocene, their
thickness varying from a few centimeters to a
few meters. Colluvial surfaces slope is smooth,
decreasing to basis, specific to the colluvial
glacis. Although they reach in a relatively short
time their equilibrium prophile, colluvial
deposits register a high dynamics as a
consequence of the fact that they stand at the
collision between slope modelling processes
with holms and terraces modelling ones.
Colluvia don’t have a clear sedimentary
structure, but a discontinuous, rough
stratification, with a mostly fine and
polygenetic matrix (elements proceed from the
middle and upper sided strata). In the
Subcarpathian and mountainous sector of the
Réamnicu Sarat hydrographic basin, colluvia
have different disposure, thickness and
structure. Thus, colluvia from along the valley
sectors of Ramnicu Sarat, Martinu, Furu and
Monteoru rivers aren’t spread on large areas,
but it can be noticed in their structure a specific
bedding caused by the alternation between
macrofrost-shattering and microfrost-shattering.
In some cases, they are generated by the long
run succession of soil running processes with
the diffuse drainage. In the Subcarpathian sector
colluvia cover large surfaces in the ,Intre
Ramnice” Subcarpathian  depression and
Dumitresti internal depression, meaning in the
areas where slope processes and relative

stability of the surfaces with less than 150
inclination have caused fine, clayey-sandy
accumulation of less than 10 meters’ thickness.
Sometimes, although, they contain a quite high
percent of rough fractions as they mix with
proluvial and alluvial deposits.

Alluvia form the holms and terraces of
Ramnicu Sarat River and its affluents, no matter
which size they have (picture 8).

Picture 8 Alluvia in the holm of Ramnicu Sarat River,
at Luncile village

In the mountainous sector, alluvial beds of
Ramnicu Sarat, Martinu, Furu and Monteoru
are mostly made of gravels and blocks. In the
Subcarpathian sector, along with rolled gravels
and blocks, occur alluvial finer and mobile
deposits. In this sector, largely, holm and
terrace alluvia have a prevalent fine, sandy and
clayey-sandy facies, but in change, in the minor
bed alluvia have a heterogene structure, with a
high imbricate character. Terrace alluviy are
covered in many cases by loessoid deposits with
centimeters to meters’ thickness.

In conclusion, it might be said that shallow
deposits, no matter what nature, position or
granulometric character they have, represent an
essential conditional factor in growing, deep
and intensity (in a less measure) of the current
geomorphological processes, which in most of
cases replace these shallow deposits.
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Data collection and analysis for the GIS large scale geomorphic
hazard and risk mapping in mountain towns and resorts.
A case study in Predeal town, Curvature Carpathians

Bogdan MIHALI, Ionut SAVULESCU

Key words: data acquisition, data validation, Predeal, landslides, probability model, urban area development.
The paper proposes a specific data structure of a GIS application for hazard and risk mapping in an urban area. Predeal
town was selected to implement it because of its dynamic evolution during the last decade. This includes new spatial
queries possibilities like the geomorphic risk and hazard visualization, mapping, analysis and management. The
subsequent data comes from a GIS analysis of the landsliding hazard which used the Dempster-Shaefer probability
model. Field mapping was essential for the permanent data validation before the database implementation. All the urban
area features (building, streets and all other networks) could be queried together with the geomorphic hazard data. T his
tool will be easy to be applied in the framework of the local administration activities regarding the urban sustainable

development.

1. Introduction

This application main goal is to find a solution
for solving an important problem for a lot of
settlements in the Romanian Carpathians, the
geomorphic risk. Data is essential for this
approach and our paper focuses on this issue.
The problem is really difficult because this data
is available mainly in paper format, it is quite
old and not valid every time (this is a source for
errors). Similar approaches in the international
litterature focuses on different featured
mountain areas and (Schick et al, 1999 in Israel,
Edbrooke et al., 2003, in New Zealand, Gornitz
et al., 2002 in New York City area, Giumaraes
et al.,, 2003 in Brazil’s Rio de Janeiro area,
Moon, Blackstock, 2004 in New Zealand,
Pasuto, Soldati, 2004, in the Italian Alps,
Pyykonen, 2001, Lundkvist, 2005, in Sweden
and Norway etc.).

2. The study area

Predeal town and mountain resort is the highest
urban settlement in the Romanian Carpathians,
situated in the Predeal Pass (saddle) and in the
spring area of Prahova and Timis rivers

Revista de geomorfologie —vol. 8, 2006, pp. 85-93

(950-1160 m a.s.l.), on the main transcarpathian
road and railway between Bucharest and
Transylvania (main, double and electrified
railroad, the E 60 highway). During the last
decade, this small town having about 5700
inhabitants (2002) and more than 3500 tourist
accommodation capacity, showed a real
imobiliary boom. On a small built-up area of
about 9.3 sqm, the population density is higher
than 600 inhabitants sqm. The subsequent
building density increased from about 30 to 44
houses sqm, between 1992 and 2002, according
to the census data.

This small but important town developed in
an active watershed area, and along the Prahova
River in an upstanding small basin area, on
three erosion glacis-slope levels (Mac,
Rapeanu, 1995). Old researches (Valsan, 1939,
Velcea, 1965, Orghidan, 1969 and other)
confirm a very complex underground and
surface drainage and a big number of springs on
the neighboring slopes developed in Lower
Cretaceous flysch (mainly marl-limestones, and
marl-sandstones). This is a tectonic contact area
along an important thrust line between two
nappes of the Eastern Carpathians.

Since 1918, when Predeal turned from a
border crossing settlement and custom point to
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a small but picturesque town and resort (Tacu,
1927), a lot of engineering works appeared. The
swamp and the lake which was the first spring
of the Prahova River were drained and a lot of
springs and gullies were captured and
afforested. Along the railroad (built in 1879,
doubled in the 30s, electrified in 1965) an
anthropogenic system of drainage pits and
canals transformed and replaced the swamps'
humid geotope. This flat area became a rather
anthropogenic local base level of erosion.

Recent researches (Oprea, Mihai, 2000)
confirmed the same trend of evolution for the
Prahova-Timis watershed. Timis tributaries still
develop their catchments to the northern half of
the Predeal town urban area. Digital modeling
of the stream frequency in this area (B. Mihai,
2005) showed average values of less than 30 m
for the central and the southern Predeal town
built-up area.

We validated this value using a GPS receiver
and superposing points on small streams on the
topographic plan (scale 1: 5000). Most of these
gullies inside the built-up areas disappeared
during the last 50 years after the reforestation in
the northeastern districts and mostly in Valea
Porcului catchments which is a tributary of the
Timis River.

A topic which was no longer analyzed in the
literature is the landslide occurrence in Predeal
area. Geologic maps at 1: 50000 confirm but
they did not map exactly the slided areas. There
are old landslide bodies covering about the
entire slope. Superficial landslidings occurs on
a lot of the deforested slopes where pastures
developed before the development of the
settlement after the Royal House of Romania
cadastre plans were put into practice (Tacu,
1927). M. lelenicz (1982) and later B. Mihai
(2005) described and mapped these landslides
(and solifluctions) at different scales, using
classical and the GIS methods.

Recent landslides started after aggressive
rainfalls in the summers of 2004 and 2005, in
newly built areas of villas and small hotels.
Clear cutting of old trees on dormant landslides
for housing ground extension created in
summer-autumn 2005 a huge problem for locals
and investors. They have lost a part of their
grounds and the building activity ceased. The
Bucharest-Brasov motorway project will affect

the southern Predeal town area, where we
discovered a good potential for landslidings.
Local authorities are now in a big dilemma.
There is a big imobiliary pressure on the
existing grounds and big, 4-5 floored houses,
appeared on ground superposed on the
landsliding bodies.

3. Method and materials

The GIS application we propose integrates a big
amount of geographical information, which
focuses on the urban area features and in the
same time on the geomorphic hazards and the
risk information is the result.

The elevation data were obtained after the
geocorection of the existing topographic maps
(1:5000) and from the urban master plan of
Predeal (1:5000). The main problem was to
obtain a reliable model at a 5 m resolution, for a
better visualization of the geomorphic features.
We considered it as a key feature for the hazard
digital modeling and this is the reason of
merging two sources of contour lines (5 m
distance between contours for the topographic
maps, and 2 m for the urban master plan).
Validation was done through a GPS survey of
some landslide features like ridges superposed
on an ortophotography in a 3D display of the
model.

Lithology was derived from the 1:50000
geologic maps, together with detailed
geotechnical maps (1:2500), available for some
built-up areas. Using control points surveyed on
different rock outcrops it was possible to
validate this data for the analysis.

Superficial deposits and the soil cover were
mapped on the base of the lithological and
geotechnical data available as well as through
pedological sounding on soil and rock outcrops
(1-3 m deep) together with a GPS survey of the
sounding points. Validation was done after the
topological transformation of the layer, through
the overlay visual examination.

The landslide bodies were mapped first after
their conversion to vector format of the
subsequent data from the master plan maps
(1:5000). Another data source was the
geotechnical documentation of some districts,
but these maps covered only a half of the built-
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up area with problems like the landslidings.
Validation followed with a complete updating
of these areas through a GPS survey. Finally all
the landslide occurrences were recognized in
field, and redrawn according to the field
situation. It was possible to discover and map
new landsliding areas and the slope
susceptibility to Iandslidings was confirmed
(8 bodies on less than 10 km®?).

Torrents and gullies were mapped using the
topographic maps at 1: 5000, in order to
generate a morphodynamic map of the area.
Most of the former gullies and torrential
channels are today inactive or active only
during the short duration summer torrential
rainfalls. Forests and dense grasslands covers
almost all these catchments, except the northern
limit of the urban area of Predeal, where gullies
develops because of the Timis low local base of
erosion situated at about 850 m (the town is
higher than 1030 m). Validation was done
through a GPS survey of the channels observed
on the maps.

Street network changed together with the built
up area during the last decade. The main
problem was the lack of updating of the
topographic maps and even of the urban master
plan. Since 2001-2002 more than 50 houses
were built and new streets developed. These are
elements of urban vulnerability to geomorphic
hazards and must be mapped exactly. A GPS
survey was done in order to create new
polygons within the street network layer. Field
photos of each building completed the survey.
Attributes concerns the features of streets
(dimensions, degree of modernization). Street
names were entered as attributes, through the
conversion of the street axles into lines
(vectors). Other attributes were the level of
modernization or the degradation of every
street.

Urban utilities networks (electricity, gas, water
pipes, sewage, and cable for communication) are
also vulnerability features. These were
extracted from a special map of the master plan
(1:5000) and checked through overlay with the
topographic plan and the aerial photographs
(ca.1:10000). These represents the situation in
2002, which was updated as possible through a
GPS survey, like in the case of the water supply

network which enlarged together with the new
vacation houses and hotels.

The electrified railway from Bucharest to
Brasov is the axis of the Predeal urban area.
This was mapped without problems from the
new master plan (2002) and validated through
aerial photo interpretation and field check along
the rails.

The Predeal’s built-up area was the most
complex layer from the point of view of data
acquisition and validation. This was generated
after updating the existing maps. The Predeal
town master plan showed in 2002 the situation
of the 80s and this meant a big need of
renewing this data. Aerial photo interpretation
of older photos was not useful and the satellite
Landsat scenes since 2002 were not useful in
terms of their medium resolution (14.25 m, after
the image sharpening procedure). The scale
(1:5000) made necessary a new approach in the
digital layer generation. Every house was
mapped in terms of position, shape, size
(floors), destination and age (decade of
building, mainly). This mission covered all the
town area (from the master plan) and GPS
survey was used to put on the map each
building and related feature. Digital
photographs were used to check the field
situation within the data digital conversion
process. Validation was done later on with the
help of aerial photos and fieldwork digital
photos, using the reference of the street
network. This layer was modeled using the
virtual reality techniques and checked with the
field reality (fig. 1).

Fig. 1 Predeal town. The Cioplea district (from south)
in a 3D virtual reality scene
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Land cover and the urban structures defines
the effective land use in the urban area and
influence the hazards occurrence. The local
urban laws defined more than 20 classes within
the master plan (1:5000) and these were
converted into the digital format. Field survey
and digital photography helped the validation
process of this data volume.

Engineering works were mapped in order to
be easily correlated to the hazard-prone areas.
These are constructions of different typology
like bridges, walls, small channel dams,
drainage canals and pits for roads and railroad,
embankments for railroad or roads etc. Their
attributes relates mainly to the degree of
preservation or degradation. This is the reason
to introduce special signs (point topology)
representing this feature.

4. Results

A geomorphic hazard susceptibility layer
(Fernandez et al., 2003) is the result of a
separate GIS analysis. The main problem in this
respect was to find an objective method to
generate a raster model of the land susceptible
to landslidings. This includes all the slides,
from the most superficial to the deepest,
because all of them can affect the built up area
and the urban infrastructure. Our research
focused on finding a more objective approach in
order to replace the empirical method which
considered all the layers (models of the
morphodynamic control factors) to have the
same weight (B. Mihai, 2005) .

A probability model approach could be more
expressive because it considers the raster layers
(morphodynamic control factors) to have
different weights. The Bayesian model was
used in our literature (Armas et al., 2004) for
the landslide hazard assessment in the
Subcarpathian Prahova valley area, with good
results. In our case study, the main hazard
triggering elements are the landslidings on the
built-up area slopes and on the floor of the
neighboring slopes. Our option was for the
Dempster-Shaefer  probability model. The
landslide hazard maps in this flysch area,
superposing on an important tectonic border,

was obtained on the basis of a 5 m resolution
Digital Elevation Model.

Using the IDRISI” s Kilimanjaro geostatistic
analysis package we tried first to obtain for all
the landslidings areas the degree of significance
of each morphodynamic factor like the slope
gradient, the rock type, the superficial deposits
and the land cover. These factors have a
different weight of evidence within the analysis
(their sum is of 1.0 per pixel considered). For
each of the factors considered as relevant for
the landslide morphodynamics, we obtained
four cartograms (fig. 2). Unfortunately it was
not possible to obtain all the data layers, like for
example the underground drainage. In this
flysch area it has no continuity and springs
appear almost everywhere on the slopes and to
the slope toes. Valsan (1939) discovered this
complex feature of the drainage in the
neighboring area of the Prahova River springs
(the big spring’s density). This is a real problem
for the urban development, partly solved by the
drainage stream engineering works (Velcea,
1965).

Lithology (fig. 2a) has a maximum degree of
significance of more than 0.45. All slopes are
theoretically potential areas for lanslidings,
because the rocks are represented by flysch
(marls-limestones and marls-sandstones). This
layer can be more relevant together with that of
superficial deposits.

Superficial deposits (fig. 2b) have a degree
higher than 0.60, the biggest values featuring
mainly the glacis-slopes, which are covered by
fine clayey materials of more than 1.5-2 m thick
(along the main valley of Prahova River).

Slope gradient (fig. 2c), derived from the
elevation data, has maximum degrees of
significance between 0.61-0.65, corresponding
to more than 70% of the Predeal’s town built-up
area (almost all the slopes are favorable for
slides).

The land cover features (fig. 2d) have a
degree between 0.47-0.5; on more the biggest
part of the built-up area. Afforested area has a
low consistency within the built-up area. Only
the stream thalweg of Valea Porcului has the
lowest degree (0-0.1).
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Fig. 2 The differenced weights cartograms as resulted from the Dempster-Shaefer model development for the
landslide bodies in Predeal town built-up area
a. lithology, b. superficial deposits, c. slope gradient, d. land cover

These gave the possibility for a selective and
more objective data reclassification. The results
of this operation were layers of different
importance (“weight of evidence”) to be
introduced in an algebraic formula in order to
generate the landslide hazard map for the entire
township (fig. 3). According to different authors

(Vames, 1984, Panizza, Piacente, 1993,
Alcantara-Ayala, 2002, Lundkvist, 2005 etc.)
the geomorphic risk is the result of the
interference between the geomorphic hazard
and the vulnerability. A simple query (data
overlay) allows everyone to evaluate the risk for
a house or another urban landscape element.
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Fig. 3 Risk prone area visualization for the
central area and the western districts of
Predeal town and resort.

An overlay of built-up features and main
transport infrastructures.

Dark areas show the highest probability for
landslidings

Fig. 4 3D model of the landslide (2 x exaggerations) area northern from Predeal (Cioplea Mountain).
Aerial ortophotography superposed on a 5 m resolution DEM. Landslide features from GPS surveying
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5. Discussions

The large volume of digital data, made their
acquisition process more and more difficult.
This was the most time consuming stage. The
existing information was only in analogic
format, on paper and their digital conversion
took a lot of time. Errors of geometric
correction appeared easily in case of some
second-hand origin sources of information. For
example topographic maps 1:5000 were of good
quality because of their original format,
obtained through the manual stereo restitution
process, since the 70s. This is the source of
smaller errors, of less than 4 m in the ground, as
we evaluated for some Ground Control Points.
The main problem is related to the urban master
plan 1:5000 scale whose background is a
cadastre map at the same scale. In this case
errors varied from 4 to 6 m as we obtained from
GCP field control. Aerial photos were used only
for information validation, with the limit of
their time. Some of them were orthorectified
easily using their data and our 5 m DEM (for
example the northern Predeal landsliding area,
in figure 4).

Another important source of errors is the GPS
surveying. Field survey used a portable receiver
with the accuracy of about 4 meters. This could
influence the data’s geometric features at larger
scales than 1: 5000. Our interest is to use rather
this method than the total station because of the
huge volume of information like new houses,
streets, landslides features and other. This was a
time consuming work also because it was
necessary to wait for a better signal quality,
after a precise calibration on the topographic
plan height points. The main errors were on the
z axis (vertical) which put problems mainly in
landslide occurrence area mapping.

6. Conclusions

Our project tries to bring to local authorities a
performant tool for the urban area management.
This is not a simple GIS data collection, where
houses, urban networks and cadastre data can
be queried. This focuses on geomorphic hazard
and vulnerability assessment for each building
and urban network, in the town area and might
help the decision making process for this urban
area sustainable development.

Mapping started from detailed topographic
and thematic data at 1: 5000 and 1: 2500 scales
(topographic maps, geotechnical maps, urban
planning cartographic documents etc.). Data
validation in field was done using GPS
surveying during summer and winter.

The small urban area of Predeal contains eight
landslide bodies, partly mapped by geotechnical
engineers and updated by our research team.
Hazard focused mainly on landslidings because
stream-related processes are controlled by
special developments and decreased in intensity
after the forest controlled regeneration after
1950 in the neighboring catchments.

All of these data can be queried at large scale,
together with the hazard map features and the
landslidings area. The application does not stop
here. The spatial query can bring the special
assistance utilities like police, ambulance,
pompiers, public telephone network etc. Each
query for a dwelling and public building can
provide also, information regarding the shortest
needed rescue routes for special vehicles as well
as the helicopter potential landing grounds
(obtained also from separate GIS analysis).

Acknowledgement

This paper is one of the results of the researches
financed through the national grant CNCSIS nr.
33379AT (2004-2005).

REFERENCES

ARMAS, IULIANA, DAMIAN, R., SANDRIC, I., OSACI-COSTACHE GABRIELA (2004) Vulnerabilitatea
versanyilor la alunecari de teren in sectorul subcarpatic al vaii Prahova, Ed. Roméania de Maine, Bucuresti,

208 p.



92 Bogdan MIHAI, Tonut SAVULESCU

BERNARDSEN, T. (2000) Geographic Information Systems. An introduction. J.Wiley and Sons, 372 p.

BRUNET, R. (2003) Models in geography ? A sense to research. CNRS, Paris, 14 p.

CARRARA, A., CROSTA, G., FRATTINI, P. (2003) Geomorphological and historical data in assessing landslide
hazard, Earth Surface Processes and Landforms, 28, p. 925-950.

CHESTER, D.K. (2002) Overview: Hazard and Risk, Applied Geomorphology. Theory and practice, J.Wiley and Sons,
p. 251-263.

DONATI, L., TURRINI, M. (2002) An objective method to rank the importance of the factors predisposing to
landslides with the GIS methodology : an application to an area of the Apennines (Valnerina ; Perugia, Italy),
Engineering Geology, 63, p. 277-289.

EDBROOKE, S., MAZENGARB, C., STEPHENSON, W. (2003) Geology and geological hazards of the Auckland
urban area, New Zealand, Quaternary International, 103, p. 3-21.

FERNANDEZ, T., IRIGARAY, C., HAMDOUNI, R. EL., CHACON, J. (2003) Methodology for landslide
susceptibility mapping by means of a GIS. Application to the Contraviesa Area (Granada, Spain), Natural
Hazards, 30, p. 297-308.

GOODCHILD, M., MAGUIRE (2005) Introduction to Geographic Information Systems.

GORNITZ, V., COUCH, S.,HARTIG, E. (2002) Impacts of sea level rise in the New York City metropolitan area,
Global and Planetary Change, 32, p. 61-88.

GUIMARAES, R. F., MONTGOMERY, D., GREENBERG, H., FERREIRA-FERNANDES, N., TRANCOSO-
GOMES, R., DE CARVALHO, 0. (2003) Parameterization of soil properties for a model of topographic
controls on shallow landsliding: application to Rio de Janeiro, Engineering Geology, 69, p. 99-108.

HABERLING, C., HURNI, L. (2002) Mountain cartography:revival of a classic domain, Photogrammetry and Remote
sensing, 57, p. 134-158.

IELENICZ, M. (1982) Modelarea actuald in Carpatii de Curbura (sectorul Prahova-Oituz), Terra, 2, 16-22.

KAAB, A. (2001) Photogrammetry for early recognition of high mountain hazards: New techniques and applications,
Phys. and Chem. of The Earth, 25, 9, p. 765-770

KORTE, G (2000) The GIS book, On Word Press, 240 p.

LAURINI, R. (2001) Information systems for urban planning, Taylor and Francis, London-New York, 349 p.

LILLESAND, TH., KIEFER, R., CHIPMAN, J.W. (2004) Remote sensing and image interpretation, J. Wiley and
Sons, 764 p.

LUNDKVIST, M. (2005) Accident risk and environmental assessment. Development of an assessment guideline with
examination in Northern Scandinavia, Geografiska regionstudier, 65, Uppsala Universitet, 208 p.

MAGC, I., RAPEANU, MIRELA (1995) Premisele geomorfologice pentru localizarea si dezvoltarea orasului Predeal,
Studia Univ. Babes-Bolyai, Geogr., 40, 1-2, p.54-62.

MIHAI, B. (2005) Muntii din Bazinul Timigului. Potential geomorfologic si amenajarea spatiului, Ed.Universitatii
Bucuresti, 410 p.

MOON, V., BLACKSTOCK, H. (2004) A methodology for assessing landslide hazards using deterministic stability
models, Natural hazards, 32, p. 111-134

NITU, C., TUDOSE, C., VISAN, M., NITU, C.D. (2002) Sisteme Informationale Geografice si cartografiere
computerizata, Ed.Universitatii Bucuresti, 277 p.

OPREA, R., MIHAI, B. (2000) Some geomorphometric considerations concerning some drainage basins in the
Curvature Carpathians, Revista de Geomorfologie, 2, pp. 87-90

ORGHIDAN, N. (1969) Viile transversale din Romdnia. Studiu geomorfologic, Ed.Academiei, Bucuresti, 188 p.,2pl.

PASUTO, A., SOLDATI, M. (2004) An integrated approach for hazard assessment and mitigation of debris flows in
the Italian Dolomites, Geomorphology, 61, p. 59-70

PIVETEAU, V., LARDON, S. (2002) Choremes et diagnostics de territoire: une experience de formation,
Mappemonde, 68

PYYKONEN, M. (2001) Geographical Information Systems and Digital Elevation Models in Environmental Studies.
Case studies on show avalances and noise in northern Sweden, Uppsala University, 61p.

RAUTELA, P., LAKHERA, R. (2000) Landslide risk analysis between Giri and Tons rivers in Himachal Himalaya
(India), International Journal of Applied Earth Observations and Geoinformation, 2, 3-4, p. 153-160



Data collection and analysis for the GIS large scale geomorphic hazard and risk mapping ... 93

RIGAUX, PH., SCHOLL, M., VOISNARD, A. (2002) Spatial databases: with applications to GIS, Morgan Kauffmann
Publishers, 420 p.

SHEKHAR, S., CHAWLA, S. (2002) Spatial databases: A tour, Prentice Hall, 250 p.

SCHICK, A., GRODEK, T., WOLMAN, M.G. (1999) Hydrologic processes and geomorphic constraints on
urbanization of alluvial fan slopes, Geomorphology, 31, p. 325-335.

SURDEANU, V. (1998) Geografia terenurilor degradate.l Alunecari de teren, Presa Universitara Clujeana, 274 p.

TACU, L.1. (1927) Predealul cu imprejurimile, Ed. Asoc. Touring Clubul Romaniei, Bucuresti, 103 p. 1 pl. h.

VALSAN, G. (1939) Morfologia Vdii Superioare a Prahovei si a regiunilor vecine, Bul. Soc. Regale Rom. Geogr., 58,
p. 1-44,

VELCEA, VALERIA (1965) Observatii geomorfologice in zona de obdrsie a Prahovei, cu privire speciald asupra
orasului Predeal, St. Cerc. De Geogr., 12, 2, p. 247-253.

ZERGER, A. (2002) Examining GIS decision utility for natural hazard risk modeling, Environmental Modelling and
Software, 17, p. 287-294.

University of Bucharest,
Faculty of Geography






The 3D analysis of Valea Viei mudflow morphodynamics,
Buzau Subcarpathians
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Abstract. The study presents the preliminary results of the field investigations carried out on the morphology and
dynamics of Valea Viei mudflow within April 2005 - March 2006 interval. Detailed topographical surveys and the
monitoring of the mobile landmarks position spread over the whole mudflow area have been undertaken during each
fieldwork campaign. Based on the surveys, four DTMs were obtained at a seasonal scale and used to extract level and
volume changes for each morphological unit of the mudflow. Transversal and longitudinal profiles, derived from
DTMs, were used to obtain an accurate view of the detailed morphology (cracks, landslide waves, lateral pressure
ridges etc.) as well as to quantify their dynamics. The monitoring of the mobile landmarks position trajectories allowed
us to get the morphodynamic zonation of the mudflow body as follows: i) the most dynamic sector (10.5-17 m/month)
develops in the central part, overlapping both on the lower limit of the main source area and on the upper third of the
flow channel; ii) the moderate active sector (1-9.5 m/month) occupies the up-slope area of the mudflow, respectively
the part of the main-source area between the escarpments and the narrowing sector; its main feature is the co-existence
of rock falls which affect the scarps, of the steplike landslides on the lateral flanks and of the mudflows in the axial part
of the main source area; iii) the less dynamic sector stretches over the median and lower parts of the flow channel; here,
the intra-seasonal displacement velocities are very uniform but varies inter-seasonal between 5-6 m/month in spring-
early summer interval and 0.5-2 m/month during winter.

The one-year seasonal pattern of the mudflow dynamics, for the entire study area, reveals great discrepancies between
the most active spring - summer interval (9.2 m/month), the moderate-active late summer - autumn (6.1 m/month) and
the less dynamic winter season (4.8 m/month).

1. Introduction

Former studies conducted in the Subcarpathian
Curvature area (Balteanu 1974, 1976, 1983)
defined as being typical for Buzau
Subcarpathians several mudflow morphodynamic
types: i) mudflow with fixed source areas —
dynamic equilibrium state, with small
reactivations across the main scarp and lateral
slopes, ii) mudflows partially reactivated — with
periodically reactivations due to high rainfalls
and different kinematics, texture and depth of
the deposits, iii) completely reactivated
mudflows — material moving rapidly and
simultaneously from the scarp, lateral slopes or
tributaries. The mudflows characterize the
steeper slopes, consisting of a succession of
marls, clays and sands, while the displaced
material is very heterogeneous, with a dense
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presence of illit and montmorillonit, meaning
that superior Atterberg limit is overrun in the
presence of more than 10 % of water (Balteanu,
1983). The transition between slope modeling
imposed by fluvial erosion / mass movements is
made by mudflows depending on the water
quantity, the morphological configuration and
the geotechnical properties of the sedimentary
deposits.

In the Romanian literature, many landslide
studies may be found, due to the natural
favorability of the mountainous and hilly areas.
The regional studies are focused on general
aspects concerning the morphology and the
morphodynamics of the landslides, based on
large scale geomorphological mapping or
topographical survey (Badea and Posea, 1953,
Surdeanu, 1975a-c, 1990, 1994; Balteanu, 1976,
1983; Mac, 1997; lelenicz, 1977/a, 1977/b;
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Grecu 1985, 1997; Popescu, 1990; Grecu and
Josan, 1995; Cioaca, 1996; Dinu and Cioaca,
1997; Mac and Irimus, 1998; Sandu, 1999; Ene,
2002;), earthquake-induced landslides (Balteanu
1979, 1999), land-use changes and landslide
dynamics (Dinu and Cioaca 1996; Muica and
Balteanu, 1995), frequency, cyclicity and the
correlation between rainfalls and landslide
occurrence (Surdeanu and Zemianschi, 1991;
Dinu and Cioaca, 1997, 1999), distribution,
inventory and classifications (lelenicz 1970;
Bilteanu, 1983; Grecu, 1985; Surdeanu, 1998;
Rosenbaum and Popescu, 1996; Constantin and
Chendes, 1997; lelenicz et al. 1999), landslide
vulnerability and risk analysis (Cioacd et al.
1993; Surdeanu, 1994; Balteanu et al., 1996;
Grecu 1996, 1997; Dinu and Cioaca, 1999;
Constantin, 2002).

Concerning mudflows stricto-senso, there are
just a few studies based on the observations
related to dimensions and speed changes,
correlated with favorability and triggering
factors, helping in the reconstruction of the
former pulsations (recorded data concerning
different parameters of lateral pressure ridges
or the terminal, accumulative sector), as well as
in the possibility of determining the future
dynamic behavior (Badea and Posea, 1953,
Tufescu, 1959; Josan, 1979; Balteanu, 1974,
1976; Constantin, 2002).

Synthesis studies, in which slope mass
movements, regarded as functional relief units,
are well fundamented, were realized by Tufescu
(1966), Donisa (1968), Brandus (1981), Mac
(1997), and Surdeanu (1998). Based on
experimental case-studies Balteanu (1983)
outlined the way in which the transfer of
material between river channels and slopes is
realized. In his study, M. lelenicz (1984) deals
with the correlation between slope and
structural units, relief steps, valley generations,
and the way in which is reflected in the
intensity of morphodynamic potential. Ichim
and Radoane (1986), are studying landslides as
extreme phenomena related to river dams,
Popescu (1990) studies the meander-landslide
relation and the evolution of cuesta surfaces
through landslides in the southern part of
Transylvania. Sandu (1998), based on the
assessment of denudation ratio, outlines slope
typology and evolution, while Armas et al.
(2003) introduces in landslide assessment the

use of probability theories, pointing also the
importance of human perception related to the
event.

At international level, the studies concerning
mudflows are based on several surveys related
to seasonal variability of the daily speed
movement, the groundwater level changes
correlated with different ways in which surface
water is infiltrating (depending if the surface is
frozen or not), correlation between soil
temperature and pore water content, seasonal
and yearly dynamics (Jackson et al., 1996;
Parise and Guzzi, 1992; Varnes and Savage,
1996). The knowledge of different physical,
chemical and mechanical parameters proved
also to be vital (Angeli et al., 1996, Herrmann
1997, Klotz 1999).

Along with the development of remote
sensing, digital  photogrametry, = modern
topographical surveys and GPS, their support in
the study of mudflow spatial distribution and
dynamics increased considerably (Gilli et al.,
2000; Kimura and Yamaguchi, 2000; Malet et
al., 2000, 2002). Combined all together, the
methods mentioned above are leading to an
easier understanding and 3D representation of
the mudflows, and also to a more accurate
behavior analysis (Genet and Malet, 1997,
Pasutto and Silvano, 1999, Flageollet et al.,
2000).

The main objectives of this study are: i) to get
insight into the detailed morphology, i) to
assess the morphometric changes in relation
with the controlling factors, and iii) to propose a
morphodynamic zonation based on the spatial
and temporal patterns of the mudflow dynamics
(displacement velocities).

2. Study area

The study area is situated in Manta-Muscel Hill,
more precisely within Valea Viei catchment (a
right tributary of Buzau River), on its right
slope, along a small tributary called Valea
Vladii sculptured on a north-east oriented
cuesta front (Fig. 1). The mudflow has about
600 m length covering a 140 m relief energy but
the lowest part is covered by a young dense
forest (15-20 years) and almost stable, so that
the monitoring is carried out just on the
dynamic and relatively bare surface. The
monitored bare mudflow develops between
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390m and 302m. The layers dip into SSW
direction while Valea Vladii is south - north
aligned imprinting an obsequent development
of the monitored mudflow (Fig. 2A).

Buzau Subcarpathians represent a relief unit
characterized by a wide petrographical and
structural complexity, a young relief, formed of
hills and depressions, a fragile environment,
affected Dby land degradations through
accelerated erosion and mass movements,

which, due to the youth of the relief, impose an
accentuated dynamic. Neotectonic movements
(anticline bendings, local subsidence areas)
have amplitude values up to 3-4 mm/year
(Zugravescu, 1998) making the slopes even
more unstable. The entire area is also very
seismically-active, the sub-crustal earthquakes
causing fault line reactivations and triggering
landslides and rock-falls.

L2282 Palaeogene flysch;
7/} Mio-pliocene molasse
Quaternary deposits
s

Fig. 1 Study area position

lﬁ \ Main escarpment (scarps)

2 and steps

ff’: J Flow direction

[ 7L~ | Rill-wash
- 360

350

| 340 |
-8

|-

320

- 310

L
=)
1]

60 40 20 0

| 477 Lateral (secondary) escarpment

\ . 7,47\ The recession direction of the scar

x| /’(7 Dipping direction of

the lithologic layers

The height of scarps

| A+ The structural step

\"/ 7| Lateral pressure ridges

“ B ¥ ¥ | The forestry vegetatior
! W ¥ | caughtin t emgudﬂow

- Temporary ponds

390 m

380 m

370 m

360 m

350 m

340 m

330 m

320 m

310m

] T ;
A 60 40 20 0 B
EAST Axis (m)
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Manta-Muscel Hill (988 m maximum altitude)
follows a north-south direction, between Buzau
and Basca Chiojdului rivers, along 15 km, and
has 8.5 km maximum width. It has a serrated
profile, marked by peaks corresponding to hard
rocks (limestone, sandstone, gravels) and
saddles developed on soft rocks (marls, clays).
An important feature is the presence of
structural relief, formed by south oriented
structural surfaces and north oriented cuesta
fronts. The petrographic relief is also present,
characterized by large landslides developed along
valleys sculptured in loose materials (“landslide
valleys”), cliffs and karst micro-formes.

Characteristic  for the region is the
interference of Palaeogene Carpathian flysch
(Véleni spur, built on sandstones with clay-
marly intercalation, gypsum and conglomerate
lens) with inferior molasses deposits (Miocene
sedimentary cycle, realized in sweet and
brackish water conditions, marked by thick
layers of sandstone, sands, marls, tuffs, salt-
breccia, gipsum). The Quaternary evolution is
underlined by the accumulation of Candesti
gravels (on the northern edge of Calvini-
Soimari basin, in the southern part of Manta
Muscel Hill), the lowering of the base level
imposing the rhythmical deepening of the river
network and the construction of the terraces
(Badea si Balteanu, 1977, Bilteanu, 1983).

The climate of the studied area is
characterized by low nebulosity, high values of
solar radiation, high temperatures and mild
winter phenomena, due to orographic barrier of
the Carpathians, shelter effect imposed by
depression configuration and foehn canalized
on Buzau valley. June is considered the most
rainy month, while February is the driest (the
precipitation annual mean sum at Patarlagele is
637m, in the 1960-1990 interval). The relief of
the slopes and river channels is shaped mainly
by heavy rainfalls (up to 80-100 I/m?), with a
higher frequency of 40-50 I/m® interval
(Bogdan et al., 1974). During October-April
period, an important role in the landslide
processes is played by the freeze-thaw
processes which have a multiannual mean of
94.5 cycles at Patarlagele, which includes the
studied region in the specific gelival regime of
valleys, basins and gorges regime with 75-100

freeze-thaw cycles (Vespremeanu-Stroe et al.,
2004).

Manta-Muscel Hill has a rich river network,
drainage density reaching values of more than
4 km/km? (Micu, 2005). The loose petrographic
setting, modeled by a torrential pluvial regime,
together with the land use (large deforested
areas), represents conducive factors for rapid
erosion processes (with monthly and season
changes), the highest rates of alluvial transport
characterizing May-July interval, due to heavy
rainfalls, frequently having a torrential
character, intensifying slope erosion processes.
The lowest alluvial transport characterizes the
December-January interval, due to lack of
precipitation and negative temperatures (Sandu
and Balteanu, 2005). The area is covered by
deciduous forests (Quercus petraea), which due
to intense human pressure, were severely
affected by mass movements and erosion,
determining the appearance of specific vegetal
formations (degraded, salty areas are covered
by Hippophaea sp. bushes). The typical soils
are represented by cambisoils, eutricambisoils,
districambisoils, associated with meadows,
pastures and orchards, and luvisols under the
deciduous forests, with a moderate humus
content and a neutral-weak acid reaction.

Favorable conditions — accessible relief,
shelter climate, the presence of salt deposits,
intense trade exchanges between mountains and
plain, allowed the appearance and development
of human activities, the increased number of
inhabitants, having as direct effect the slope
overloading with buildings, changes in drainage
and further large areas affected by land
degradation.

3. Methodology

Valea Viei mudflow morphodynamics was
investigated  primarily  through  accurate
topographical surveys (+ 0.3 cm elevation) with
a Total Station (Sokkia 610) both on individual
cross-flow profiles (2D) and on global surface
surveys (3D). All the measurements were
reported to a benchmark established and geo-
positioned in April 2005. The fieldwork
campaigns were planed on a seasonally basis:
April, August and November 2005 and March
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2006; in November, due to bad weather
conditions, were made just the ordinary
topographical surveys and two-weeks later, in
December 2005, the correspondent landmarks
monitoring. Because of the permanent and
temporary visual obstacles (vegetation) the
overlapped survey area (S = 8480 m?) covers
the most part of the active mudflow but not
entirely. In order to find the movement
trajectories and to assess the displacement
velocities of different mudflow sectors 43
mobile landmarks were planted successively
during the first three campaigns and their
position was monitorised through direct
measurements.

Based on topographical data (between 780
and 1014 points) a digital terrain model (DTM)
was obtained for each survey period. We used
Kriging  interpolation  method  (Golden
Software’s Surfer) and chose the grid cell size
based on the results of the comparative analysis
of the residuals error (Andrews et al., 2002). A
1-m grid cell size was found to be the optimum
size for our data point density. The comparison
of successive DTMs was used to derive the
morphological and morphometrical changes,
expressed in surface, heights and volume
changes. The 2D and 3D morphological
changes were correlated with the precipitation
distribution at Patarlagele meteorological
station computed from daily values.

4. Results

4.1. Geomorphological features

The mudflow is divided into three sectors, well
outlined in the general aspect. The first sector,
representing the main source area (Photo 1, 2),
has a 100 m length, is edged by the main scarp
(cut in sandy formation), having a semi-circular
shape, stabilized from time to time by trees. The
main scarp has 30 m length, heights between
1.2-45 m, and a 50-90° slope (Fig. 5). The
widely opened area of the scarp is affected by
sheet wash and by frequent small size rock falls
due to wetting-drying and freeze-thaw processes.
Uphill from the scarp (2-5 m), there are long,
parallel cracks, with a maximum width of 40
cm. Within the main source area, the median
part of the right flank placed in between the

scarps and the axial part of the mudflow, is
composed by an association of steep slopes (30-
50°), partly affected by rill erosion, which
functions as a friction lens for the step-like
landslides. Along with the main scarp, several
lateral secondary scarps are showing a rapid
regressive evolution. Within the main source
area, two erosion sectors could be observed,
separated by two structural steps that allow
accumulation.

Immediately under the scarp, there is an
erosion sector (0-1.5 m of moved material),
followed by a sector of temporary accumulation
(0-2 m). Under this sector, one secondary scarp
shows strong regression, underlined by an
erosion of up to 4 m, material transported with
30-40 m down-slope, forming a second major
accumulation sector (1-2 m).

The next part is represented by the flowing
channel (Foto 3), having 130 m length that
starts from one narrowing sector, immediately
after the second structural step (Foto 2). Along
this sector, the flow reaches 12-20 m in width,
being edged by lateral pressure ridges up to 1.2-
1.5 m in height. The displaced material, 1-3 m
deep, is represented by a sandy-marly matrix,
with a menilite and sandstone skeleton (10-
15%), with 5-15 mm diameters. The third
sector, the most extended one (about 300 m
length) follows Valea Vladii until its confluence
with Valea Viei, being undercut by it during
floods. This is stabilized by acacia and fruit
trees.

The microforms differ spatially, the upper
part of flowing channel displaying the richest
micromorphology as a consequence of high
morphodynamics. There are small landslide
waves, lateral pressure ridges, cracks, friction
lens and temporary ponds. Towards its terminal
part, the morphology shows a change of the
movement, from flow to plastic, favoring its
fixation with grass and bushes. During the
summer the cracks are denser and deeper with a
width of 2-10 cm and a depth of 20-50 cm.
These microforms are completely replaced by
new ones, at each pulsation of the flow, with the
notable exception of friction lens which appear
more frequently along the inner slopes of the
lateral pressure ridges, reaching up tol5 meters
in length (Photo 4).
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Fig. 3 Transversal cross-flow profiles illustrating the scarp retreat (A), the formation and migration of landslide
steps (B), and the raising of the lateral pressure ridges (C)

4.2. Morphometric changes

The overall estimation of volume changes in the
mudflow body for one-year interval points out
an important volume loss of 2727 m®, but this
cumulated value hides major differences in
temporal evolution. During the late spring and
summer (17 April-11 August 2005) the climate
forcing factors (469 mm precipitation,
representing 78% of the multiannual mean)
induced the most dramatic changes expressed in
a 94.5% (2576 m®) of the net volume changes
(loss). In accordance with these negative
volume changes, the surface affected by erosion

was 2.4 times more extended than the
accretionary surface (Tabel 1). The surface
level changes reached their maximum at the end
of the spring on the right (eastern) slope of the
main source area. An entire landslide step,
developed on about 400 m? with a length of
25 m, was swept downslope producing a
vertical erosion of 3-4.5 m (Fig. 3B); significant
negative level changes occurred also in the
frame of main escarpment (1-2.5 m) in relation
with the retreat of the right flank with 0.8-3 m
(Fig. 3A).

During the late summer and autumn (11 August-
28 November 2005) the erosive processed
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remained prevalent but became less intense
(802 m® eroded and 735 m® accumulated
resulting a net volume loss of 67 m®; a ratio of
1.42 between the erosive and accretionary
surfaces). During this interval the major
processes were reflected in the lateral
overflowing occurred pre-eminently on the
flowing channel, in the lower sector of the
mudflow, and morphological expressed in the
local aggradation of the lateral pressure ridges
(Fig. 3C, Fig. 4). Additionally, it is noticeable
the high accumulation from the central sector,
between +25 and +45 m on the North Axis of
DTM, as a temporary effect of mud piling.
During the winter and early spring (28
November 2005 — 26 March 2006) the ratio of
erosive/accretionary surfaces becomes 1.04
while the negligible net volume changes (-18
m?®) points to a temporary equilibrium between
the erosion and accumulation superimposed on
a seasonal diminishing of the geomorphologic
processes intensity. The most important level
changes occurred in the central part of main
source area where small (0.2-0.5 m) but well-
grouped accumulations composed from a mud
and debris mixture are coming from the scarps.

4.3. The mudflow dynamics (obtained from
landmarks monitoring)

The whole mudflow body records significant
displacements but with spatial differences as
rhythm and intensities depending on the local
slope and water content, detailed morphology
and geological settings (especially the hydro-
geological and geotechnical properties). Thus,
the highest displacement speeds occur in the
central part, between 0 m and +70 m on the
North Axis of DTMs (Fig. 4), where the slope
has moderate values reported to the overall
slope distribution in the frame of the study area.
Independent of the analyzed season the
landmarks dynamics indicate this sector as

being the most active with migration rates
varying between 10.5 m/month and 17
m/month. The upper sector which corresponds
to the main source area, in spite of its steeper
slopes (Fig. 5), occupies the second position in
the hierarchy of the sector dynamics. The
landmark distribution covers the most part of
the escarpments rim and stretches between -
60m and Om on the North Axis of DTMs
displaying migration rates which vary between
0.8-9.5 m/month. In this sector the main
characteristics of displacements processes are
the combination between rock falls which affect
the main escarpment, step-like landslides and
ordinary mudflow processes. Due to the overall
geomorphologic context, especially to the
adjacent lateral slopes which are steeper on the
right side of the valley, the central (southern)
and right (eastern) flanks of the main source
area are more dynamics and sensitive to rock
falls and step-like landslides (which can move
up to 25m distance) than the left (western)
flank.

The lower part of the mudflow, stretched
between 70-150m on the North Axis of DTMs,
displays both the lowest and the most uniform
intra-seasonal ~ displacement  speeds  in
comparison with those specific to the upper and
central sector (Fig. 6). Thus, during the most
active interval (April-August 2005) the
displacement velocities were 5-6 m/month, then
slowly diminished to 3.5-5m/month (August-
December 2005) in order to reach the lowest
values, 0.5-2 m/month, during the most stable
period (December 2005 — March 2006). The
same time evolution of mudflow dynamics,
assessed from the landmarks monitoring, was
found in all three sectors, but the intra-seasonal
variability was high in the frame of the main
source area and moderate in the most active
central part.
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Photo 2

Photo 4

Photo 1 - The main source area (lateral view); Photo 2 - The main source area, structural and landslide steps
(down-view); Photo 3 - The flowing channel and dyed mobilised trees (used as landmarks); Photo 4 - Lateral
pressure ridge on the right flank functioning as friction lens; Photo 5 - A landmark dyed, planted and positioned



104

Alfred VESPREMEANU-STROE,

Mihai MICU, Nicolae CRUCERU

A general view of the entire mudflow
dynamics obtained from the mean values of
displacement  velocities reveals great
differences between the first analyzed interval
(April-August 2005), very active, with a mean

total landmarks migration of 35 m (9.2 m/month),
the second (August-December 2005) with 24.5 m
(6.1 m/month) and the last (December-March)
with 16.8 m (4.8 m/month).

Table no. 1
DTMs comparative analysis and the changes of the main morphometrical parameters
(volume, surface, landmarks migration) beside the precipitation regime
Time Interval Vol#me Volume Vol\lljrtne S S Ratio Precipitations Lri?ggggzs
3 2 2
m’ (+ m(-) [m“(+) | S-/S+ mm
Apr 05 — Aug 05 3183 607 -2576 | 5126 | 2137 2,39 469.3 35
Aug 05 — Nov 05 802 735 - 67 4272 | 2991 1,42 313.1 24.5
Nov 05 — Mar 06 528 510 -18 4210 | 4051 1,04 148 18.4
Apr 05 — Mar 06 3982 1255 -2727 | 5187 | 3074 1,68 930.4 77.9

5. Discussion and Conclusions

From a morphological point of view, three
different sectors are distinguished along the
flow: i) the main source area, (down-slope
extended on 100 m*, between -75 m and 25 m
on the North Axis of DTM), having an oval,
amphitheatre-like shape, surrounded by main
and secondary scarps; the main source area has
the highest erosion rates, ii) the flowing channel
with 130 m length (between 25 m and 155 m on
the North Axis) which function as a transit-zone
for the sediments and iii) the toe (spreading
cone) of the mudflow, which is partly covered
by an acacias plantation and which is not part of
our monitoring polygon.

Within the main source area, the co-existence
of several permanent erosive sub-sectors with
those characterized by a bi-phase accumulative/
transit activity is imposed by the lithologic
layers succession in the frame of the cuesta
front; the complementary accumulation/transit
processes occur on the harder layers (loose
sandstone, menilites), that forms structural
steps, highlighted by a decrease in slope values,
while the removal of material characterizes the

! This value (100 m) is measured on the horizontal
projection of the main source area; its real length is 116 m

soft layers, especially marls, with higher slope
values of the profile. Thus, the displaced
material, coming from underneath the main
scarp, has a first accumulation sector on top of
the first structural step, which is episodically
overrun. Further down-slope the removed
sediments coming from the main scarps,
including those detached from the secondary
escarpments, have an accumulation area at the
first narrowing sector of the flowing channel.
The flow direction is generally imposed by
slope and the spatial distribution of deposits
which can exceed the liquefaction threshold as
quick clays and quicksands while the landslide-
type movements additionally to the slope follow
directions imposed by the structure (layer
disposition) and detailed morphology.

The mudflow channel is characterized by
uniformly decreasing slopes (from 30° to 2°),
affected by intense transport processes which
are expressed by the episodic alternation of
accumulation and erosion. As a consequence,
the level changes are reversible, with a
moderate intensity (AZ < 1.5 m) and developed
at a seasonal timescale. The analysis of
landmarks movement trajectories reveals the
co-existence of two patterns on the mudflow
dynamics in the frame of the flow channel.
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Thus, the upper sector of the channel (20-70 m
on the North Axis) alongside the lower
extremity of the main source area (-20...0 m on
the North Axis) have a similar behavior
displaying the most active dynamics both
horizontally with  displacement velocities
varying between 10.5-17 m/month during the
year and vertically with the most extreme level
changes of the mudflow body: -4.5...+2.5 m
(Fig. 4, 6). Noteworthy is that the extreme
morphodynamics overlap neither the steepest
slopes nor the gentle ones. Their main causes
are supposed to be the position in the frame of
the mudflow, linking the main source area with
the flow channel, and perhaps more
importantly, the overall configuration of this
sector. It’s noticeable that the most active sector
benefits from a “funnel effect” which accelerate
the flow when happens, general imposed by a
sudden change in pressure or a shock acting on
water saturated or supersaturated sediments.
This is the area where frequently forms
enormous mud pilings due to the narrowing of
the active flow channel section. Conversely, the
central and lower parts of the mudflow channel
have a completely different dynamics, generally
slower, with the lowest migration rates from the
entire study area (< 5.5 m/month) and with a
relatively ~ homogeneous  distribution  of
displacements velocities for every season.
Owing to the Ilower position and clay
accumulations, this sector records the highest
water contents which give a more uniform
distribution of the morphodynamic processes,
and an outer-longitudinal arrangement of

100

accumulation sectors. This area represents the
terminal segment of the active mudflow.

Based on the analysis of movement features,
seasonal differences were noticed. The spring -
summer interval generally records the most
intense dynamics and is characterized by big
amounts of precipitation (Fig. 7); the
displacement velocities vary between 5-17
m/month with a mean value of 9.2 m/month.
The heavy rainfall, imposes a pulsatory
character to the dynamic behavior of the
mudflow, with rapid flows on short and
medium distances (1-20 m), occurring until
short time (hours, rarely days) after the rain
stops. The monitoring of landmarks movement
from spring - summer interval clearly indicates
the presence of short and strong signals (fast
displacements), during and after heavy rainfalls,
overlapped on longer periods (weeks) with a
very weak but generally prolonged signal.
Every significant water input in the mudflow
body is quickly expressed in fast displacements
of the superficial deposits while the deep-
delluvium mass has a more prolonged and
uniform movement. During the second half of
the summer, generally, the precipitation regime
changes (the total precipitation quantities
decrease and are expressed by rare and heavy
rainfalls) and, implicitly, the dynamics becomes
less intense and discontinuous. Besides the
precipitation regime another main cause is the
quick water evaporation due to high
temperatures / low humidity conditions and to a
dense network of cracks and fissures at the
surface of the flow.
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squares) was computed for each monitored interval (delimitated by dot line)
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During the late summer - autumn period, even
if the rainfall quantity diminishes, the water
remains a long period in the body of the flow,
which has a plastic movement, confirmed by
the medium displacement velocities (6.1
m/month) and by the presence of largely
developed friction lens along the lateral
pressure ridges. This means that the speed
decreases but it lasts long, having a more
continuously pattern. Winter proved to be the
most stable season, with a mean displacement
velocity of 4.8 m/month, the movement being
slowed by the freezing of the water in the
mudflow’s body.

As our data illustrate, the morphological
answer to heavy rainfalls is much faster in case
of mudlows (hours and days) than to landslides
where significant time lags (weeks) occur
(Malet et al., 2000; Armas et al., 2004).
Moreover, the seasonal measurements of deep-
seated landslides displacement velocities show,
in some cases, as being an out-of-phase
between the precipitation regime and landslide
annual dynamics (Brandus et al., 2004).

As a conclusion, the analysis of the Valea
Viei mudflow dynamics, based on accurate,
successive topographical surveys, allows the
correlation of its dynamics with the lithological,
morphometrical and morphostructural
characteristics of the relief and also with the
precipitation regime. The seasonal distribution
of the rainfall, regarded as the main triggering
factor, imprints the flowing/sliding character of
the movement, which further controls the
morphology of the mudflow.

The results presented herein have a
preliminary character, as the study was

undertaken for just one-year; they are necessary
for a general view on the framework in which
appear and develop the mudflows from the
Curvature  Subcarpathians. For a  better
understanding of the mechanisms that states the
occurrence and further evolution of a such
complex mass displacements process, the future
activities have to increase the monitoring
interval and, probably more important, to
include and other investigations techniques:
piezometric surveys in order to correlate the
mudflow evolution with the groundwater level
variations, probes for pore water pressure, soil
and air temperature variations, and percussion
drills to have a better image of the deposition
and depth of strata, in order to realize a
numerical modeling of Valea Viei mudflow
future behavior.
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Abstract: Role of the Oragious Phenomena (Thunder and Lightning) in Causing Landslides. The extreme climatic
phenomena of the 20™ of June 2006, in the superior basin of the Ilisua Valley, tributary on the right to the Somesul
Mare River, generated, besides the catastrophic flood with human victims and immense material loss, a series of
associated processes to be noticed for their diversity, magnitude, and affected areas. These were landslides, torrents, and
soil erosion. The landslides and the torrents were triggered also by the oragious phenomena (thunder and lightning)
accompanying the heavy rainfall. The low altitude clouds, at the level of the water divides, permitted the thunder and
lightning generated vibrations be very intense (due to the small dissipation area). This destroyed the relative balance of

the slopes generating landslides.

Fenomenele climatice extreme care au avut loc
in data de 20 iunie 2006, pe teritoriul comunei
Tarlisua s1, partial, al comunei Zagra din
Judetul Bistrita-Nasaud, au generat, pe langa
viitura catastrofala ce a facut 13 victime umane
si imense pagube materiale, o serie de procese
asociate, intre care se detaseaza, in ceea ce
priveste diversitatea, amploarea si suprafetele
afectate, deplasdrile in masa, torentialitatea si
eroziunea solurilor.

Contextul climatic aflat la originea acestor
procese este dat de precipitatiile abundente (cca
100-120 1/m?) cazute intr-un interval temporal
extrem de scurt (2 ore) in data sus mentionata,
fapt care a diminuat capacitatea de absorbtie a
substratului si, in consecintd, a marit la
maximum fractiunea scursd pe versanti. Ea a
determinat cresteri majore si bruste ale debitelor
pe organismele de drenaj existente, dar si
activarea unor torenti cu scurgere temporara sau
chiar lipsiti de scurgere. De asemenea, s-a
inregistrat o scurgere areald de mare intensitate,
veritabild panza fluida, care a acoperit In
intervalul de maxim pluviometric 1Intreaga
suprafata a versantilor. Mentiondm ca aversa in
cauza nu a afectat intregul teritoriu al celor
doud comune ci doar o suprafatd de forma
trapezoidald cu laturile suprapuse vailor Moliset
si Tiblesului, la vest si est, respectiv
aliniamentului  depresiunilor ~ submontane
Moliset, Sendroaia, Strambulici, Poienile Zagrei
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la nord si culmilor Secatura — Runc la sud.
Faptul ca in teritoriul de manifestare a aversei
intrd doar periferia montand a Tiblesului (in
zona Borcut) exclude ascensiunea orografica
din randul factorilor cauzali ai precipitatiilor
abundente cazute.

Contextul litologic, recunoscut ca factor activ
al fenomenelor geomorfologice, indiferent care
este cauza producerii lor, este definit de
prezenta pe toatd suprafata regiunii analizate a
rocilor sedimentare de varstd eocen-oligocena,
constituite din alternante de gresii, marne si
argile. Ele alcatuiesc monoclinuri prelungi,
orientate predilect nord-sud, sau nord-vest -
sud-est, aflate la originea unui tipic relief
structural de cueste, platforme structurale, vai
subscevente, consecvente sau obsecvente.
Prezenta intercalatiilor argiloase apare ca un
element catalizator al proceselor actuale de
versant, Indeosebi a alunecarilor de teren de
diverse tipuri fapt ce putea fi remarcat si
anterior 1n peisaj printr-o serie de alunecari
profunde, masive, de tip glimee (Dealul
Bisericii, Muncel, Zapodie, Dealul Secaturii
etc.), dar si a diverselor forme de curgeri etc.

Contextul morfologic, biopedogeografic si
antropic inscrie regiunea afectatd in domeniul
reliefului de dealuri 1nalte (700-900 m
altitudine) cu energie de relief de 300-400 m, cu
declivitati ale versantilor de pana la 45-60°.
Valorile mentionate cresc la  contactul cu
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muntele si se atenueaza in bazinul mijlociu si
inferior al vaii. Declivitatea s-a dovedit a fi un
element important, cu statut de factor
favorizant, 1n geneza proceselor de care ne
ocupam 1n analiza de fata.

Spatiul analizat este incadrat, din punct de
vedere pedogenetic, zonei cambisolurilor si
spodosolurilor, cu soluri brune si brune acide de
padure bine structurate, cu orizonturi profunde
ce pot asigura, in conditiile unor precipitatii
normale ca intensitate si duratd, o absorbtie
bund a aportului hidric. In mod similar,
vegetatia si, iIn primul rdnd componenta ei
forestiera, ce acoperd peste 40 % din teritoriul
analizat, are un rol major in retinerea apei dar
si in fixarea solului si a materialelor din
perimetrul versantilor. In sfarsit, presiunea
antropica poate fi estimatd ca moderatd, mai
ales 1n ultimele doua decenii cand scaderea
numericd §i 1mbatranirea  populatiei sunt
evidente. Desi modul de actiune asupra
substratului este nuantat, dominantd raméane
valorificarea pastorala a 1Intinselor terenuri
ocupate de fanete si pasuni iar secundar, intr-0
proportie mult mai redusa cea agricola
(pomiculturd sau anumite tipuri de culturi). In
ultimii ani versantii nu mai sunt cultivati iar
araturile parelele cu curba de nivel au fost o
practica ancestrala ceea ce a exclus favorizarea
antropicd a proceselor erozionale.

Pe un astfel de fond, al existentei unor factori
favorizanti latenti, care in conditiile climatului
anterior au mijlocit instaurarea unui echilibru
relativ al versantilor, aparitia bruscad a unui
fenomen climatic extrem — precipitatii
abundente intr-un interval de timp extrem de
scurt — a dezechilibrat raportul dintre
elementele de rezistenta ale versantului si cele
de instabilitate, in sensul supralicitarii actiunii
celor din urma. Daca eroziunea areala si
torentialitatea au aparut ca si consecinte
nemijlocite, directe si imediate ale cantitatii de
apa scrusa pe versant, alunecarile de teren
produse in acelasi timp au la origine, cu
certitudine, o cauza care n-a fost invocatd in
mod curent pand in momentul de fatd si anume
fenomenele orajoase (tunetul si traznetul).

Tunetul si traznetul ca factori declansatori ai
alunecarilor de teren

Aversa torentiala care a avut loc intre orele
15-17 in data de 20 iunie 2006 in zona centrala
a comunei Tarlisua (cu prelungire spre est in
comuna Zagra) a avut o serie de particularitati
ce s-au constituit intr-un cumul de factori
favorizanti ai deplasarilor in masa invocate.

Astfel, ea a debutat cu o ploaie obisnuitd al
carei aport de apa a avut menirea de a satura,
cel putin in orizontul superior, substratul edafic.
Brusca intensificare a aversei in conditiile unui
pat de scurgere deja puternic imbibat, a facut ca
intregul aport de ape s fie dirijat spre poalele
versantilor, spre  organismele torentiale.
Capacitatea eroziva s-a amplificat la maximum
ca dealtfel si forta ei de lovire a oricdror
neuniformitati ale terenurilor intalnite.

In al doilea rand, si cel mai important din
punctul nostru de vedere, 1l constituie
altitudinea  plafonului de nori din perioada
aversei, respectiv a stratului atmosferic in care
s-au produs descarcarile electrice ce determind
fenomenele orajoase din categoria tunetelor si
traznetelor. Se stie cd situarea formatiunii
noroase la altitudini mari in raport cu relieful pe
care-l survoleaza are ca efect un proces de
disipare a energiei orajoase, atat pe verticala
locului, cat mai ales periferic, lateral acesteia
(Fig. 1). Dimpotriva, pozitia joasd a plafonului
de nori, in special in cazul tangentei acestuia cu
interfluviile, reduce aria de disipare a energiei
atat prin ingustarea stratului atmosferic dintre
nori i suprafata terenului, cat si prin
neaccesarea spatiului periferic.

1555555455555555%.

Fig. 1 Fenomenul de disipare a energiei orajoase in
cazul plafonului inalt de nori
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La Tarlisua, in dupa-amiaza zilei de 20 iunie
2006, evolutia plafonului de nori la altitudini
extrem de scazute, atingdnd practic culmile
deluroase dispuse sub forma unor interfluvii
sinuoase, a determinat, 1n conditiile unor
fenomene orajoase intense, o restrangere
deosebita a spatiului lor de disipare energetica,
redusd practic la sectiunea transversala a
profilului morfologic al vaii (Fig. 2). Intr-un
astfel de context meteorologic, efectul
vibratiilor produse de catre tunete §i traznete a
fost deosebit de pregnant, fiind la randul sau
amplificat de forma de palnie a profilului vaii
dominanta in cea mai mare parte (cu exceptia
cuvetelor depresionare). Un alt factor
catalizator, in ceea ce priveste propagarea
vibratiillor mentionate, pare a fi campul
electrostatic constituit, datoritd panzei fluide
generata de ploaia torentiald, ce a actionat sub
forma unui medium ideal de transmitere si
orientare a fluxurilor energetice si vibratiilor
spre suprafata versantilor (lui i se datoreaza,
probabil, in bund parte, si vuietul generalizat
semnalat de locuitorii satului in timpul averset,
la conturarea cdruia nu trebuie excluse nici
procesele de fracturare a substratului de sol si
roca ce au premers alunecarile).

Concordanta, dusa pand la suprapunere, ca
secventia  temporald,  dintre  momentul
producerii  fenomenului orajos §i cel al
declangarii alunecarilor de teren si curgerilor
noroioase a fost observata de numerogi
martori oculari situati in areale diferite, unele

localizate la mari distante in raport cu
celelalte. Astfel, fenomenul a fost surprins de
unii locuitori ai satului Lunca Sateascd unde,
pe versantul drept al viii, alunecarea a antrenat
o suprafatd intinsd de pdadure, de persoane
situate 1n perimetrul Vaii Uleasa sau in
vecindtatea ,fetelor” (Fata Marcienilor, Fata
Schiopului, Fata Grosenilor) sculptate de paraiele
afluente pe versantul stang al Vaii Izvorului.
Vibratiile directe si reflectate produse de
tunete i trdznete Intr-un spatiu restrans,
delimitat de plafonul de nori extrem de jos si
liniile celor doi versanti ai vailor, s-au
constituit, fard nici-un echivoc, in factori de
frangere brusca a echilibrului versantului, a
stabilitatii sale, instaurate in urma unei
indelungate evolutii anterioare, declansidnd, 1n
conditii de suprasaturare cu apd a stratului

superficial de sol sau rocd, deplasarea
materialelor componente.
Réaspandirea  alunecarilor si  curgerilor

noroioase determinate de fenomenele asociate
aversei catastrofale din 20 iunie este practic
generalizatd la totalitatea versantilor cu inclindri
de peste 15°-20° (Fig. 3). Amploarea maxima au
avut-o insa pe cei cu declivitate mare, care
releva un peisaj ruiniform, brazdat de alunecari
profunde sau curgeri noroioase asociate
(Fig. 4). Cea mai vastd suprafatd o are
alunecarea din Paraul Vailor ce depdseste 4 ha.
De subliniat profunzimea alunecarii mentionate,
in ciuda faptului cd Intregul areal este puternic
impadurit.
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Fig. 2 Fenomenul de cumulare a energiei orajoase in cazul plafonului jos de nori
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Fig. 3 Bazinul Viii Ilisua. Zona si arealele afectate de alunecarile de teren din 20 iunie 2006
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O inventariere comparativa a alunecarilor de
teren produse in ultima jumatate de secol in
acelasi teritoriu cu cele aparute in cele doua ore
ale aversei din 20 iunie relevd o proportie
covarsitoare a celor din urma. Ca numar, ca
suprafete afectate, ca tipologie. Ceea ce naste
supozitia ca fenomenele orajoase, prin
potentialul lor de interventie, se instituie, in
timp morfologic, intr-un factor genetic deosebit
de eficient in ceea ce priveste alunecarile de
teren sau diversele forme de curgeri. Efectul
actiunii lor, pe langad aparitia unor forme
prorpiu-zise, este cel de destabilizare
intempestivd, periodica, a echilibrului
versantilor ceea ce va subventiona procese de
remodelare ulterioara diverse si intense.

Pe langa rolul lor de remodelare a reliefului,
de catalizare, pentru o anumitd perioadd, in
functie de amplitudinea dezechilibrului indus
versantilor, a proceselor si microproceselor din
spatiul acestora, alunecdrile de teren si,
indeosebi curgerile noroioase, au generat o
fractiune importanta a debitului solid transportat
de valul de viitura care, In anumite sectoare din
amonte ale vaii Ilisua, a Tmbracat forma unui
torent noroios tipic Ca urmare, forta de lovire a
talazului de apa a sporit §i, prin asociere cu
materialul lemnos antrenat, inclusiv cel provenit
pe seama deplasarilor de teren analizate, valul
de viitura s-a transformat intr-o fortd distructiva

ce explica distrugerea totala a celor 23 de
gospodarii si afectarea altor 480 numai in
comuna Tarlisua, ruperea celor douda poduri
peste Valea Izvorului, distrugerea liniei de
alimentare cu energie electrica pe o distanta de
7 km etc.

Acelasi debit solid, susmentionat, compus din
elemente heterogene (nisipuri, pietrisuri, maluri,
argile, o diversitate de resturi vegetale etc,) a
asigurat material din abundentd pentru
remodelarea profundd a luncii principale,
devenitd, dupa viiturd, asa cum autorizat
remarca Grigore Posea intr-o discutic cu
subsemnatul, o lunca aluviala tipica. Grosimea
depozitelor noi a atins pe vaste suprafete ale
terasei | valori de 40-70 cm cu finaltarea si
nivelarea de rigoare a acesteia, dar §i cu
incastrarea fundatiilor constructiilor ramase
intacte dupa viitura in aluviul respectiv.
Inaltimea remarcabila a valului de viitura (peste
5 m) a condus la inudarea intregii suprafete a
albiei majore, pana la racordul acesteia cu
versantii (sau cu fragmente ale terasei
urmatoare) in conditiile unei latimi cuprinse
intre 200-800 m. Ca urmare, in ciuda debitului
curent modest al Vaii Ilisua si a unui potential
de modelare asemanator, aparitia incidentald a
unui astfel de fenomen, la intervale temporale
chiar milenare, poate avea efecte morfogenetice
dintre cele mai ample $i mai surprinzatoare.

Fig. 4 Alunecari si curgeri noroioase pe versantul drept al Viii Lunga
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Depozitele aluvionare au produs, de asemenea,
modificari vizibile in profilul senalului de
scurgere al vaii principale prin colmatarea albiei
minore §i ridicarea sa in medie cu cca 50 cm.

De remarcat insa faptul ca, in ciuda energiei
deosebite a valului de viiturd, exceptand unele
sectoare nesemnificative de bucle de meandre,

traseul vechii albii nu a fost modificat, dupa
trecerea acestuia apele revenind in matca
anterioard. Ceea ce denotd un coeficient ridicat
de armonizare a proceselor fluviatile in raport
cu interventia antropicd, dinamica naturald a
vaii mentinandu-se.
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Alunecari de teren cu caracter endemic pe teritoriul satului
Izvoru Alb — judetul Neamt
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Abstract: Endemic landslides in the Izvoru Alb’s inhabited area. In the middle part of the Izvoru Alb river’s basin
(on the right bank of Bistrita river, in the area of Izvoru Muntelui — Bicaz Lake), mass movements processes have great
intensities, on both slopes and know time reactivations because of a complex of lithological, morphological, climatic
and especially anthropic favorable factors. As a consequence, were produced some landslide lakes, in 1914 and 2005,
houses and households were destroyed, large areas of gardens, plough land and forest were degraded. l1zvoru Muntelui —
Bicaz Lake is an important, indirect cause of the endemic character of the landslides in area.

Satul Izvoru Alb, ce apartine administrativ de
orasul Bicaz, judetul Neamt, se afla amplasat pe
terasele de lunca si ambii versanti (treimea
inferioara a acestora) ai vaii paraului Izvoru
Alb, afluent pe dreapta al Bistritei in sectorul
lacului de acumulare 1zvoru Muntelui — Bicaz,
la circa 10 km amonte de barajul acestuia.

Intravilanul satului s-a extins de pe terasele de
lunca ale Bistritei pe pardu in amunte, in
actualul sector de vale, dupda 1960, urmarea
aparitiei lacului Izvoru Muntelui. O buna parte
a intravilanului se suprapune unor areale de
vechi si repetate procese de deplasari in masa
(vezi schita geomorfologica) (fig. 1).

Dupa informatiile de la localnici, in noaptea
de 16 spre 17 august 2005, un deluviu mai
vechi, de mari dimensiuni, de pe versantul drept
al vaii, s-a pus In miscare, cu viteze diferite de
la un loc la altul, a barat albia minora a paraului
pe o lungime de circa 70 m si a determinat
formarea unui lac cu dimensiuni apreciabile:
suprafata medie de 2,6 ha, lungime de 300 m,
latime in sectorul mijlociu de 200 m si
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adancime maxima 4-5 m. Principala rapa de
desprindere a deluviului se afla in treimea
mijlocie a versantului, acoperitd cu padure
(rasinoase), dar numeroase rape de desprindere,
secundare, se afld in diverse alte sectoare ale
deluviului de alunecare.

S-au produs importante pagube materiale,
rezumate la: 3 case, 4 grajduri si alte anexe
gospodaresti aflate total sau partial sub apa, alte
8-10 case si constructii avariate, nelocuibile,
importante suprafete scoase din circuitul agricol
(gradini de legume, livezi, teren arabil), soseaua
principala si un pod scoase partial din functie
(vezi foto). Prin interventia localnicilor de
adancire a canalului de scurgere a lacului, cat si
prin adancirea si largirea ulterioara, pe cale
naturald, a canalului respectiv in corpul deluvial
care a barat albia, nivelul apei din lac a scazut
continuu si dimensiunile acestuia s-au redus
treptat, astfel ca in toamna anului 2006 mai
avea jumadtate din suprafata initiald si adancimi
de pana la 1,5 m.
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SCHITA GEOMORFOLOGICA

A, TERITORIULUI SATULUI [ZVORU ALB
IMPREJURIMI

3l

oo
s 2
° °
°
%
© 0 p 0 o

°
W % 82%ee ",',o‘

®0 v v V
\ g

°
o 1o,

8815 Batea® i’ Mdlai ©

Dosul Secului

°

°
°

00,00

¥

:*”

DL Bculcu‘
46615°

Deluviu de alunecare;

% Lac de bargj natural;
Bargj natural (deluviu);
Cote;

W 40 o 1 .\y\ﬂ\ Ly =C]
6870 oo,-,,af'“l"p v, »“Y T D ‘v v ,_/\/_\/3"
o %00 ¥ V;yo ° oV °aov °'c‘ '
RS SRS "o Y, 6780 %, .
Y, ° o G Dot“) °ev
°V¢° oo:,: 3aooov'°a\:0° o A |
LEGENDA Zone de desprindere actudle;

a.

+| al Limita pddurii; b) Pdsune;
- Retea hidrograficd si lacul Iz. Muntelui;

- Limita intravilan;
E} Cai de comunicatie;

Fig. 1

Din aceleasi informatii ale localnicilor, in
1914 a avut loc, de asemenea, o alunecare de
proportii care a condus la formarea unui lac de
dimensiuni mai mici. Ulterior au avut loc
periodic recrudescente sporadice in miscarea
deluviului, ultima in aprilie 2006, cand au fost
afectate alte 4 gospodarii. La nivelul anului
2006, satul lzvoru Alb era greu incercat de
aceste dezastre geomorfologice repetate (din
totalul de 129 gospodarii ale sale nefiind nici
una care, sub o forma sau alta, sd nu fi avut
pierderi materiale).

Toate aceste procese geomorfologice s-au
putut produce datoritd conjugarii unui complex
de factori naturali si antropici favorizanti.

Unul din factorii importanti este alcituirea
petrografica. Formatiunile geologice din
sectorul de vale respectiv sunt reprezentate
printr-un facies sistos argilos-grezos, ce apartine

flisului curbicortical (strate de Ceahlau) de
varsta Albian-Vraconian. In aceste conditii s-a
putut forma un corp deluvial cu grosime medie
de 2,5 — 3,5 m, dar care in anumite areale
ajunge la mai mult de 5-6 m. Aceasta este
explicatia existentei si pe versantul opus (stang)
al vaii a unui extins areal afectat de alunecdri
relativ stabile, areal care, aleatoriu, devine
activ. Factorul climatic, caracterizat prin mari
variatii anuale ale regimului precipitatiilor, nu
este mai putin important. Astfel, punerea
repetata in miscare, totald sau partiald, a
corpului deluvial, ca si extinderea in suprafata a
acestuia coincid cu anii ploiosi, cdnd media
precipitatiilor realizeaza valori ce depasesc 900
mm. Lipsa unui drenaj natural pe ambii versanti
ai vaii in sectorul respectiv a favorizat
acumularea apei din precipitatii in masa
deluviilor. Existenta unui organism torential in
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extremitatea din avale a arealului deluvial la
care ne referim, care asigurd drenajul apelor de
pe versant, subliniaza evident importanta apei la
favorizarea  fenomenului. i conditiile
morfologice, respectiv panta medie a
versantului, cu valori de 10-15%, ca si forma
aproximativ concava a versantului, cu pante de
25-30% la partea superioard, au favorizat
punerea In miscare a deluviului.

In opinia noastra, rol hotirator au avut unele
cauze de ordin antropic, intre acestea, defrisarea
padurii si intensificarea activitdtii umane pe cei
doi versanti, mai cu seamd dupa 1960, odata cu
aparitia lacului de acumulare Izvoru Muntelui si
stramutarea cdtre amunte a gospodariilor. De
asemenea, deteriorarea lucrarilor de artd din
albia paraului Izvoru Alb (6-7 baraje de retentie
a aluviunilor, praguri de beton pentru
stabilizarea talvegului, regularizarea si betonarea
albiei minore), executate concomitent cu marele
baraj al lacului Izvoru Muntelui — Bicaz. De
fapt, s-a produs distrugerea completd a

lucrarilor respective, favorizata si de exploatarea
nerationala a apei lacului, respectiv, de marea
variatie pe verticala a nivelului apei in timpul

Foto 1-4 Pagube materiale si Lacul de baraj natural me;iont

anului. Astfel, talvegul paraului Izvoru Alb s-a
adancit sub nivelul celui din anul 1960,
determindnd subsaparea bazei versantilor.

Intrucat lucrdri de captare si drenare ale apei
superficiale si din corpul deluvial, masuri ce se
impun cu stringentd, ca si cele de regularizare a
albiei minore a paraului sunt greu de intrevazut
in conditiile actuale, avand in vedere costurile
ridicate ale acestora, perspectivele de dezvoltare
ale asezarii sunt limitate. Desi satul Izvoru Alb
a fost mentionat, ca un grup de case la
debusarea paraului Izvoru Alb in Bistrita, intr-un
hrisov al lui Stefan cel Mare (1458) sau pe harti
din secolul 18 (Cantemir, 1717; Bauer, 1772) si
se bucurd de un peisaj fizico-geografic
incantator, numarul gospodariilor (129) si al
locuitorilor (233) se reduce de la un an la altul.
Mai rezistd acolo cei care nu au puterea
economicd de a pleca sau aceia care mai sunt
legati de casa parinteascd (cazul familiei
Mihdila, careia i multumim pe aceastd cale
pentru informatiile oferite).

Sa fie acesta un caz singular in tara noastra de
dezastre geomorfologice care sa determine
disparitia unei asezari rurale ?

B By
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Profsorul Mihai IELENICZ — o dovada a pasiunii
pentru predarea, cercetarea stiintifica si dezvoltarea
continua a geografiei din Roméania

Sa doresti sd ajungi cat mai sus, urcdnd trepte
ale unei profesiuni, nu corespunde integral
implinirii valorice de performantd, pe care o
dovedeste pasiunea daruita, adeseori, prin
incontestabile eforturi de viatd, nespuse. In
acest sens reconstituim personalitatea colegului
Mihai lelenicz, incepand din anii studentiei si
continudnd pe Intreaga suitd a evolutiei de la
preparator, la asistent, lector, conferentiar pana
la rodnica lui prezenta, aceea de profesor.
Intelegem ca sensibilitatea si atractia lui de
cdtre imaginea mirifica a naturii, atat de mult
diversificatd ~ pe  intinderea  pdmantului
romanesc, poate sa fie un dar primit prin
nasterea sa, dar pasiunea aprinsd in aceasta
privinta si-a plamadit-0 prin persistentd, cu o
nelinistita si ferma angajare de a studia
geografia prin valentele sale reale, dar prioritar
., in lumina de inspiratie si adevar a terenului”,
chiar daca a ramas un veritabil bucurestean. O
asemenea stare de fapt, trebuie cu atat mai bine
pretuitd, cu cat viitorul profesor s-a cladit si
perfectionat continuu pe drumul multor ani de
munca in ,profesiunea sa de credintd, stiinta
geografica”. De acest pivot al personalitatii s-au
legat in decursul timpului, printr-o interferenta
de evidentd eficienta, impreund cu implinirile

profesionale de cadru didactic, de cercetator
stintific  rafinat, i  talentul care il
caracterizeaza, anume acela de foarte bun
organizator de activitati pentru invatamant la
nivel de conducere a facultatii si catedrei de
Geomorfologie-Pedologie din care face parte si
in acest moment fara a ne mai opri si la multe
alte aspecte.

O convingatoare preocupare, aceea de a
cunoaste cat mai profund domeniul geografiei,
I-a condus, pas cu pas, in mai multe directii ale
pregatirii sale profesionale, pe care a rasfrant-
o intodeauna cu sensibila generozitate in
preocuparile de cadru didactic. O succinta
retrospectiva ne poate oferi imaginea aproape
completa cu privire la cursurile predate
studentilor, deoarece sfera acestora este
deosebit de cuprinzatoare pentru domeniul
specific Geografiei fizice. Astfel, prof. Mihai
lelenicz s-a orientat prioritar in directia
geomorfologie generala si regionala, pentru
care a editat cele mai numeroase cursuri
universitare, carti si articole de cercetare
stiintifica, fiind si in prezent predatorul titular al
acestor discipline. In corelatie cu ele oferd
studentilor de la diferite sectiuni din facultate,
dar si din afara ei, ore pentru metodologia de
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cartografiere a reliefului, observatii §i cercetari
efectuate cu acesti tineri in aplicatii itinerante
pe teren, practici de vara s.a. De asemenea,
aspecte strans legate de acestea au vizat si
cursuri de Geomorfologia Romdniei, discipline
de Geomorfologie Dinamica. Acestora li se
alatura si alte cursuri, de Geografie Fizica
generala, Turism §i Potentialul Turismului,
Zonare si regionare in Geografie. Un loc
important 1l detin cursurile de geografie
regionala pentru Roméania, ca de exemplu
Geografia Dealurilor si Podisurilor, Geografia
Fizica a Romadaniei, Geografia Carpatilor si
Subcarpatilor. Profesorul Mihai lelenicz este
initiatorul  cursului de Mijloace Foto in
Geografie, cu efecte benefice asupra
studentilor, care trebuie sa Invete faptul ca
cercetarea pe teren nu poate sa fie lipsitd de o
asemenea deprindere practica, de lucru. Daca,
din motive de volum al editarii ne restringem
cu investigatia noastra privind stransa sinteza cu
privire la activitatea didactica desfasurata de
prof. Mihai lelenicz pentru o durata care
depaseste efectiv patru decenii, nu Tnseamna ca
laturi ale realizdrilor sale de acest gen nu mai
existd. De exemplu, implicarea in organizarea si
dezvoltarea unor laboratoare din facultate si de
la catedra pe care In prezent o conduce,
marcheazd 1n continuare dovezi elocvente in
acest sens, pentru cd, cel putin de eforturile
depuse In  perfectionarea  continud a
invatamantului geografic de la Universitatea din
Bucuresti sunt strans legate si grija pentru
STATIUNEA GEOGRAFICA  ORSOVA,
continua extindere a pregatirii unor generatii de
studenti la Drobeta-Turnu Severin, Calimanesti,
Maicin etc. Dar, Tnainte de a patrunde, atat cat
avem forta s§i locul permis ca extindere in
scrisul nostru intorcand o pagind pentru
enuntarea caracterelor de performanta ale
cercetarii  stiintifice, sa privim cel putin
imaginea noud, ca o veritabila carte de vizita
oferitd de spatiile de invatamant ale Facultatii
de Geografie din Capitala tarii noastre, unde cu
plus de estetica atractiva, multiple aspecte de
echipare tehnicd, functionald, se deruleazd in

fata privirilor. Amfiteatrele si sdlile pentru
cursuri, numeroasele laboratoare si cabinete de
lucru ale cadrelor didactice amplasate la etajele
3 si 4 ale cladirii centrale din bulevardul N.
Bilcescu, nr. 1, sunt completate onorabil cu
astfel de compartimente chiar si la subsolul
performant de luminos al cladirii. $i, impreuna
cu toate acestea, la etajul 1 te Tntdmpind, pentru
ca necesita sa spunem astfel, sediul Decanatului
Facultatii de Geografie, legat de care, la etajul 2
sunt cele trei incaperi ale Secretariatului,
modern si eficient echipate, unde colectivul de
lucru specializat in acest sens este prezent in
colaborarea lui specifica cu profesorii si
numarul impresionant de studenti de la cursuri
de zi, frecventd redusa, Invatimant la distanta,
activitati de reconversii, perfectionari.

Ne asumam o anumita raspundere, dar nu
lipsita de o sincera bucurie, de a incerca sa
creionam ,,imaginea’ care ramane veridica a
cercetatorului stiintific, prof. univ. dr. Mihai
lelenicz. De la inceput remarcam cateva laturi
care exprima elemente de un anumit record in
spatiul de activitate al cercetdrii geografice.
Suma publicatiilor stiintifice realizate depaseste
200 de lucrari cocepute ca singur autor §i in
colaborare, din care 21 de carti, 144 articole
publicate in reviste de specialitate (cu
referenti), in tard si in afara acesteia, mai mult
de 50 contracte de cercetare cu diversi
beneficiari, harti murale, la care se adauga 21
lucrari de popularizare (carti, articole, harti), in
continutul carora exista frecvente realizari de pe
teren.

Preocuparile cercetarii stiintifice geografice
se contureazd incd din anii studentiei pPrin
comunicdri prezentate la Cercul stiintific
studentesc. Dupa anul 1964, a facut parte din
grupul de cercetare geomorfologica la nivel de
catedra, devenit dupa 1990, Centrul de cercetare
geografica pentru spatiul Carpato-Danubian
condus de prof. univ. dr. doc. Grigore Posea si
care a Inregistrat ulterior evident alte elemente
de evolutie. Cat priveste problematica abordata,
aceasta a vizat o diversitate de subiecte de
Geografie Fizica, dar cu accent pe acelea
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privind studiul reliefului. In ultimul deceniu,
Mihai lelenicz se lanseaza si in probleme de
teorie geografica, potential turtistic, medii
antropice §i antropizate, deci spre o Geografie
globala.

Prin rezultatele cercetarii s-au adus noutdti in
cunoasterea detaliata a unor unitati geografice
(de exemplu: Muntii Buzaului, M. Dognecei,
M. Macin, M. Grohotis, bazinele vailor Slanic
de Buzdu, Amaradia etc.). Sunt prezente
abordari teoretice, dar cu sustinere aplicativa
asupra unor concepte si notiuni de genul
obiectul de studiu al Geografiei, Geografia
mediului, despre peisaj, continuitate §i
discontinuitate, general si particular, zona-
zonare, regiune-regionare, tip-tipizare etc.

O serie de observatii s-au orientat In directia
unei analize complexe a proceselor de albie,
morfodinamica de versant cu accent pe studiul
detaliat al alunecarilor de teren, torenti
noroiosi, siroire, sufoziune, pentru areale
subcarpatice, de podisuri si Dobrogea; cartarea
i interpretarea genetico-eVolutiva a
suprafetelor de nivelare, nivelelor de eroziune
din spatii carpatice si subcarpatice. Ca o
preocupare consecventd, de durata, cu elemente
de analizd dar si de sinteza este problema
teraselor si luncilor, pentru unitati si subunitati
geografice cu diferite dimensiuni, urmarite de la
nivelul Carpatilor pana la compartimentele de
campie, completandu-se, ulterior, cu lucrari pe
ansamblul Romdniei.

Cercetarea geografica a profesorului Mihai
lelenicz a mai inclus modelarea periglaciara
pleistocena i crionivala, morfologia petrografica
§i structurala urmaritd pe suportul majoritatii
treptelor morfogenetice de pe cuprinsul tarii
noastre, inclusiv caracteristici ale morfologiei
litoralului romdnesc al Marii-Negre.

Cand cercetarea stiintifica se diversificad in
maniera prezentatd de noi In linii relativ
generale, ea se instituie ca o stare de
normalitate pentru acest domeniu al Geografiei
si cerinta obiectivd de a se pune la punct cele

e vy

rezultatele obtinute in acest sens, atit din punct

de vedere teoretic, cat si practic, aplicativ si,
mai ales, cat mai utilitar si eficient. De aceea,
profesorul Mihai lelenicz s-a angajat sa rezolve
adaptari cdt mai reusite in cartografierea fizico-
geografica si, in mod deosebit pentru aceea
geomorfologica vizand cu predilectie realizarea
unei legende foarte detaliata §i necesara
reprezentarii alunecarilor de teren, o legenda
pentru  procesele  morfodinamice, harta
geomorfologica generala s.a.

Profesorul Mihai lelenicz a inteles sa aduca
cat mai aproape de aceste rezultate personale
ale cercetarii stiintifice si realizarea unei
colectii de volume omagiale, pe care a
coordonat-o si editat-o impreuna cu prof. univ.
dr. Grigore Mihail si in structura careia (in
prezent 19 volume), sunt incadrati mari
inaintasi ai geografiei din Romania, intre care,
S. Mehedinti, G. Valsan, V. Mihdilescu s.a. si
carora le urmeaza personalitati contemporane,
unele dintre acestea disparute relativ de curand
dintre cei vi. Apreciem 0 asemenea realizare, ea
reprezentand un prinos al recunoasterii unor
vieti marcate de munca asidua depusa pe
taramul gandirii, predarii la cursuri, in
laboratoare si pe teren, de fapt al unei
cuprinzatoare cercetdri stiintifice pe drumul de
indelungata traditie parcurs de GEOGRAFIA
din tara noastra.

Profesorul Mihai lelenicz dovedeste prin
activitatile sale profesionale cotidiene ca se afla
in plin avdnt de creatie stiintifica §i muncad
didactica, dimensiunea zilelor sale de lucru este
aceea ,,obisnuita” si cunoscuta dintodeauna,
respectiv de la primele ore ale diminetii pana
tarziu, seara, sambata si adeseori duminica
facand parte din programul pe care si 1-a impus
prin autoconvingere si tenacitate. Nu a dorit cu
tot dinadinsul sd se contureze astfel in fata
colegilor si studentilor, deoarece acestia si-au
definit colaboratorul si, respectiv, profesorul ca
reprezentand un model de calitate valoricad in
multe sensuri.

Dorinta de Tmplinire si realizare profesionala,
personald, a fost de mult depasita de profesorul
Mihai lelenicz, in sensul angajarii sale cu
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sincera daruire 1In directia formarii in
specialitate a tinerelor generatii de absolventi,
masteranzi, doctoranzi, profesori care isi sustin
gradul I didactic pentru invatamantul
preuniversitar. De exemplu, 0 asemenea
preocupare o leaga foarte strans de cercetarea
pe teren, pe care si-0 organizeaza pentru
activitatea personald si, mai ales, pentru tinerii
geografi care se afla pe diferite trepte de
pregdtire si perfectionare profesionala.
Contributii valoroase apartin prof. Mihai
lelenicz, pentru intervale de mai multi ani, in
calitatea sa de presedinte al Consiliului
Profesoral, reprezentant de marca al intereselor
facultdtii In Senatul Universitatii din Bucuresti
si in Biroul acestui Senat. De asemenea,
contributiile sale se regdsesc in multe alte
comisii profesionale, ca de exemplu pentru
acreditari de titluri stiintifice de doctor in
geografie, promovari de functii didactice
universitare s.a.

Pentru meritele sale profesioanle de exceptie,
prof. Mihai lelenicz a fost ales presedinte al

SOCIETATII  DE GEOGRAFIE  DIN
ROMANIA, membru in Comitetul National de
Geografie, in Asociatia Geomorfologilor din
Romdnia etc.

Nu incerc o totala certitudine cd imaginea
personalitatii prof. univ. dr. Mihai lelenicz pe
care am redat-o in aceste pagini, este cea mai
potrivitd si binevenitd. Personal, cel putin in
prezentul care trece uneori prea repede, asa mi-
am conceput-o cu gandirea Tmplinitd cu multe
amintiri frumoase, toate acestea trecand prin
filtrul sfatuitorului meu ,,inima” care, cel putin
pana astazi m-a indemnat sa fiu sincer.

Stimate coleg, Mihai lelenicz, va urez o viata
plina de sanatate i realizari profesionale
impreund cu impliniri personale, care mereu sa
va aducd multumiri incdrcate de o adevarata
bucurie stiind cd toate acestea sunteti oricand
gata sd le impartiti nu numai cu cei dragi, cei
mai apropiati.

,»Multi ani, cu lumina de viata!”

Mihail Grigore



Profesorul loan MAC — geomorfolog si creator

de scoala geografica

Profesorul universitar, doctor in Geografie, loan
Mac (1 septembrie 1937) a transmis de-a lungul
unei cariere didactice si stiintifice de exceptie,
(46 de ani) informatia stiintifica despre
geomorfologia si geografia romaneasca si
mondiala, generatiilor de studenti geografi,
masteranzi si doctoranzi ori doctori. A elaborat
legi, concepte, a suplinit disfunctiile literaturii
geografice contemporane prin modele ce au
facilitat investigarea geografica.

A trecut pragul Facultatii de Stiintele Naturii,
urmand cursurile specializdrii Geografie, in
anul 1956, fiind absolvent al Scolii Pedagogice
din Nasdud. Dupa absolvire, in anul 1961, este
incadrat ca cercetator la Institutul de Geografie.
In perioada 1961-1968, in care activeazi ca
cercetator, urmeaza si studiile doctorale (1963-
1969), sub indrumarea profesorului universitar
dr. doc. Tiberiu Morariu, membru corespondent
al Academiei Romane, si obtine in 1970, titlul
de doctor in geografie, cu teza “Subcarpatii
transilvaneni dintre Mures si Olt”.

Formarea ca geograf, nu poate fi definita,
doar prin experienta acumulata ca cercetator, la
Institutul de Geografie al Academiei Romane
(1961-1968), ori ca bursier, 1n stagiu
postdoctorat, la Deutsche Hochshule, Miinchen
(1971), Germania, ci mai ales prin optiunea
aleasd, de a fi cadru didactic universitar: sef
lucrari (1968-1986), conferentiar (1986-1990);
profesor universitar titular (1990) la Facultatea
de Geografie a Universitatii ,,Babes-Bolyai” din
Cluj-Napoca. Activitatea s-a derulat pe fondul
unei traditii in domeniul geomorfologiei, fiind
discipol al Profesorului Tiberiu Morariu.
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Urmandu-i indemnurile, inscrie activitatea de
cercetare geomorfologicad in proiectia stiintifica
a acestui distins dascdl, continuand investigarea
Transilvaniei, in special si a Romaniei, In
general. Intr-un asemenea context academic,
profesorul Ioan Mac si-a focalizat atentia asupra
geomorfologiei dinamice, conturdnd o directie
relativ noud pentru scoala romaneasca. Sprijind
aceastd noua orientare prin publicarea de carte
si articole stiintifice, in reviste de prestigiu din
tara si strainatate: The Valley Pediments (1970);
Massive landslides in the Transylvanian Basin
(1974); Legea modelarii selective si formarea
reliefului (1976); Modelarea diferentiata si
continua a versantilor din Depresiunea
Transilvaniei; Elemente de geomorfologie
dinamica  (1986);  Geomorfosfera  §i
geomorfosistemele (1996).

Dinamic si pragmatic, Profesorul loan Mac
initiaza numeroase studii aplicative, prin care
sustine dezvoltarea geomorfologiei aplicate.
Studiile publicate: Specificul spatiului geografic
romdnesc (1990); Aplicarea principiului catenei
in geografie (1990); The Assesmentof Critical
Environmental Situations at Microscalar Levels
(Microregions, Local Areas), 1996 ; The
Concept of Consequentialty and Synergism as
Support of Geographical Approach (1996) etc.
au vizat problematica evaluarii reliefului,
premisd a dezvoltarii oraselor din Transilvania,
dar si pe cele referitoare la stabilirea unitatilor
microscalare pentru amenajdrile teritoriale si
sinergismul sistemelor teritoriale in procesul de
amenajare. Preocuparile pentru studiile cu
tematica aplicativa ilustreaza staruinta Profesorului
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Mac loan pentru validarea geomorfologiei in
sistemul stiintelor practic-ingineresti.

Activitatea profesionald de inalta tinuta
stiintificd este argumentatd de statuarea unor
termeni  in  geomorfologia  romaneasca:
pedimentele de vale, vaile de deraziune,
procesele cataclinale, autoproiectarea proceselor
si formelor de relief. Dezvoltd conceptia

"""" geomorfologice 1in devenirea
reliefului, teoria clinotropiei s.a.

Fire dinamica si perfectionista, participa la
schimburi interacademice 1in tarile Europei:
Ungaria, 1972; Grecia, 1980; Rusia, 1986;
Franta (Paris, 1990 si Toulouse, 1991); Serbia
(Beograd, 1993); Elvetia (Ziirich, 1994); Italia
(Milano si Modena, 1995); Olanda (Utrecht,
1996); Marea Britanie (Chichester si Bognor
Regis, 1997, Norwich, 2000); Spania (Barcelona
si Alicante, 1997); Germania (Wiirzburg, 1998),
fie ca invitat si ca promotor al unor directii noi
de investigare 1n geografia postdecembrista
(1989), fie din dorinta de a contacta diverse
medii academice $i a implementa noi directii de
studiu in geografia si geomorfologia romaneasca.

Dorinta continud de a promova scoala
geografica romaneasca, si in special scoala
geomorfologica clujeand, este demonstrata de
participarea la manifestarile stiintifice nationale
si internationale pe probleme de geomorfologie:
Mc Master University — Canada; Praga, 1994;
Visegrad, 1994; Budapesta, 1996; Chieti, 1996;
Bologna, 1997; Firenze, 1999; Bari, 2001,
Reims, 2004. Participa la Congresele Mondiale
de Geografie: Washington, 1992; Haga, 1996;
Seul, 2000.

Intuind schimbarile curriculare in
invatamantul universitar, in contextul viitorului
sistem de invatamant european — Bologna,
profesorul Mac initiazd o strategie pe termen
lung a invatamantului geografic clujean, axata
pe identificarea in practici a demersului
stiintific, context 1n care, o singurd catedra,
Geografia, nu putea raspunde exigentelor
impuse de noua metodologie de investigare a
spatiului geografic.

Dupa o experienta de sef de catedra de patru
ani (1986-1989), primul pas, dupa realegerea
Domniei Sale ca sef de catedra, in 1992, a fost
realizat prin infiintarea FACULTATII DE
GEOGRAFIE, a Universitatii Babes-Bolyai, 1n

anul  1994. Desprinderea din angrenajul
Facultatii de Biologie, Geografie si Geologie, a
reprezentat un pas hotarator in definirea
sintagmei ,,reusita — afirmare”. Ales ca Decan al
Facultatii de Geografie (1994-2000), reuseste sa
fundamenteze cadrul tehnic al unei Catedre de
Mediu, al carei sef de catedra va deveni in anul
2000. Desfasoara, ca sef de catedra (2000-2003)
0 activitate laborioasa si promoveaza o politica
»Hstiintificd”, care se regaseste valoric si in
activitatea cadrelor didactice de la Facultatea de
Mediu, unora fiindu-le Magistru in coordonareca
activitatii doctorale.

Deschis la nou, implementeazd doua
specializari, in premierd, in invatamantul
universitar geografic  romanesc, Planningul
teritorial si Stiinta Mediului, iar la nivel de
colegiu specializarile Geoinformare si Prospectare
turistica §i Topografie, Cartografie si Cadastru.
Aceste specializdri vor functiona atat la
Cluj-Napoca, cat si in cadrul Colegiilor din
teritoriu,  respectiv.:  Gheorgheni,  Sighetu
Marmatiei, Bistrita, Zalau si Sighisoara.

Recunoasterea stiintifica de care s-a bucurat
in comunitatea universitara si locala a fost
perceputd prin functiile si sarcinile Incredintate
(membru 1n Senatul Universitatii ,,Babes-
Bolyai” din Cluj Napoca; membru in comisia de
urbanism a Consiliului Judetean Cluj; Director
al Institutului de Geografie, Filiala Cluj (1994-
2000); redactor responsabil al revistei Studia
Geographie (1994-2000); redactor sef-adjunct
al Revistet Terra a Societatii Roméne de
Geografie; membru al colectivului de redactie
al revistei Studii si Cercetari de Geografie a
Academiei Romane), dar si prin distictiile si
premiile acordate (Premiul Academiei Romdne
,, Grigore Cobalcescu” (1986), cadru didactic

evidentiat  (1989) acordat de Ministerul
Invatamantului, distinctia  Institutului  de
Geografie din Bucuresti (1994), distinctia

Societatii de Geografie din Romania (1995),
Membru de Onoare al Societdtii de Geografie
(2000), diploma Universitatii ,,Babes-Bolyai”
Cluj, pentru infiintare institutii universitare, in
2004).

Meritele stiintifice ale profesorului Mac au
avut ecou si peste hotarele Romaéniei, prin
specialistii formati in scoala doctorala clujeana.
Recunoasterea internationala a fost marcata de
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catre Universitatea din Cahul, Republica
Moldova, prin acordarea titlului de Doctor
Honoris Causa , in anul 2004, iar recunoasterea
intregii activitati stiintifice, de cétre Consiliul
National al  Cercetarii  Stiintifice  din
Invatimantul Superior din Romaénia, a fost
rasplatita prin decernarea premiului ,,Opera
Omnia”, in anul 2005. Pe acelasi palier se
inscrie si activitatea de visiting profesor (sau
profesor invitat), la universitati prestigioase din
vestul si centrul Europei, pentru cursuri si
prelegeri universitare in cadrul programelor
TEMPUS si SOCRATES (Bristol, Bognor
Regis, Wiirzburg, Modena, Debrecen, Firenze,
Barcelona).

Opera stiintifica a Profesorului Mac reflecta,
in buna parte, caracterul §i temperamentul
omului Mac, dar si atitudinea geografica, care
pot fi rezumate la expresia indrazneste — afirma —
argumenteaza. A indraznit sd afirme prezenta
subcarpatilor pe ramura internd a Carpatilor
Orientali  (,,Subcarpatii Transilvaneni dintre
Mures si Ol Editura Academiei Romane,
1972), a afirmat un concept si 0 metodologie de
raportare a spatiului subcarpatic transilvan la
celelalte unitdti subcarpatice ale spatiului
carpato — danubiano — pontic si a definit
functionalitatile peisajelor transilvane. Lucrarea
,Elemente de geomorfologie dinamica”,
(Editura Academiei Romane, 1986) a prefigurat
raportarea “drumului” geografic al profesorului
Mac, in citatela cunoasterii geografice, un drum
meandrat, asemandtor raului care-si perfecteaza
profilul de echilibru.

Profesorul Mac a perfectat acest echilibru
metastabil al cunoasterii  geomorfologiei
dinamice a spatiului transilvan, aplicand
modelul Blong & all. la versantul somesan din
Podisul Somesan ori Campia Transilvaniei. Nu
au fost indiferente geografului Mac nici
vecindtdtile spatiului saldjan al copilariei,
dedicand spatiului maramuresan lucrarea
SMuntii  Oas-Gutdi-Tibles” (Edit.  Abeona,
1992), iar spatiului saldjean lucrarea: Buciumi,
un sat din ,,7ara de sub munte”, colaborare,
Edit. Acad. Romane, 1971.

Experienta acumulata in misiunile geografice
europene §i americane i-au permis elaborarea
unor concepte moderne asupra paleogeografiei

teritoriului Romaniei, asupra resurselor naturale,
asupra geografiei generale, geomorofologiei si
geografiei  Romaniei  (,,Paleogeografia
Romdniei”, 1995; ,,Geomorfosfera Si
geomorfosistemele”, Editura Presa Universitara
Clujeana, 1999; ,,Geografie generala”, Editura

Europontic, 2000; ,,Geografia Vaii Dunarii
Romdnesti”, ,,Geografia Romdniei”, vol. |
(1983), wvol. 1l (1987), vol. IV (1991);

,Geomorfologie ”, partea | (1975), partea a Il-a,
1976), ,,Geografia turistica generala” (1992);
wtiinta  Mediului”, 2003, Edit. Europontic,
Cluj-Napoca).

Dreptul de a indrazni nu inseamna si reusita,
dar perseverenta in cautarea adevarului aduce
uneori alinarea. Poate cd aceastd alinare, a
insemnat pentru profesorul Mac indrazneala,
transmisa discipolilor sai de a continua
investigatia, de a gasi noi resurse de afirmare a
Geografiei si Geomorfologiei Romdnesti. Cei
25 de doctori in stiinta geografica, pregatiti si
indrumati de Profesorul Mac reprezinta poate
tot atatea raspunsuri la framantarile intelectuale
ce au vizat disfunctiile peisajelor romanesti
(pragurile de substantd si energie; dimensiunea
geomorfologicd a siturilor rurale si urbane;
morfologia bazinelor molasice cu relief de
domuri si cute diapire (I. Irimus); potentialul
geoecologic al ariilor montane; reflexul
meteorizatiei in conturarea morfodinamicii
cuverturii de alterare; substratul si peisajul
geografic; calitatea mediului; convergente
morfologice ale teritoriului cu activitatile
turistice, de planificare, amenajare si dezvoltare
durabild, etc. Acestea se adauga articolelor
publicate in reviste interne si internationale
(217); cursurilor universitare (4), tratate (3),
granturi (10), inclusiv cu Banca Mondiala.

Participarea nemijlocita, alaturi de alti colegi
din  tard, la  constituirea  Asociatiei
Geomorfologilor din Romdnia s-a dovedit
benefica pentru lansarea Geomorfologiei
Romdnesti 1n structurile stiintifice internationale,
lar acest eveniment major s-a realizat la
Congresul International de Geomorfologie,
Bologna, 1997, odatd cu primirea Asociatiei
Geomorfologilor Roméani in  Asociatia
Internationald a Geomorfologilor (IAG).
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Acumularea unei experiente stiintifice §i
didactice de exceptic a fost remarcata in
centrele universitare romanesti, dar si in
strdindtate. Recunoasterea spiritului managerial
al profesorului Mac poate fi argumentat prin
fundamentele conceptuale, ale unei geografii
moderne, integrate lumii academice clujene si
romanesti, dar si prin apartenenta Domniei sale
la organizatii, asociatii culturale si profesionale:
membru al Societatii Romane de Geografie (din
1962); vicepresedinte din 1992; membru al
Asociatie  Geomorfologilor din Romania
(vicepresedinte 1994-1998; presedinte 1998-
2001); membru al Asociatieci Oamenilor de
Stiinta din Romania (din 1992); membru al
CERG (Centre European sur les Risques
Geomorphologiques - Comunitatea Europeana -
1996); membru al Asociatiei Internationale a
Geomorfologilor, 1997; membru in Consiliul
National al Cercetarii Stiintifice Universitare
din Romania; presedinte al Comisiei de
Stiintele Vietii si ale Pamantului (1994-1997);
membru al Comitetului National de Geografie
(din 1999).

Aceste calitdti manageriale i-au sustinut
demersurile stiintifice cu reprezentantii scolii
geomorfologice si geologice italiene, Profesorul
Mario Panizza, Profesorul Giuliano Rodolfi si
Profesorul Paolo Federici (aldturi, in proiect
fiind Profesorul univ. dr. Nicolaec Josan si

Profesorul univ. dr. Dan Balteanu, membru
corespondent al Academiei Romane), la Praga
(1994), pentru a organiza la Universitatea
,Babes-Bolyai”, Facultatea de Geografie,
primul Work-Shop romano-italian, pe tematica
geomorfologicd (alunecarile de teren din
Transilvania), in toamna anului 1995, work-
shop care se deruleaza anual, iar anul acesta s-a
realizat a Xl-a editie, in Belgia, la Universitatea
din Gent (la a opta editie, la Camerino — Italia,
au aderat si Franta si Belgia). Rezultatele
stiintifice ale acestor Work-shop-uri au fost
bine mediatizate si implementate 1n strategia de
dezvoltare a invatamantului postuniversitar de
tip master. Tematica acestor Work-shopuri a
fost jalonata de specificitatea morfostructurala
si morfodinamicd a peisajelor geomorfologice
italiene (modeneze, toscane, pugliene, genoveze),
romdnesti (transilvanene, piemontane vestice,
subcarpatice, bucovinene, deltaice, litorale si
dobrogene), franceze (alsaciene si loreneze),
belgiene (litorale si fluviale).

Un bilant la 70 de ani de viata, sustinut de o
activitate stiintifica si academica
prestigioasa, ofera un model greu de egalat, dar
care invitd la competitie.

La Multi Ani, Domnului Profesor MAC!

loan-Aurel IRIMUS
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Colocviul International de Geomorfologie
“OL’MAN RIVER”
Gand, Belgia, 22-24 septembrie 2006

Colocviul de Geomorfologie, desfasurat la
Gand 1n Belgia, sub titulatura: Aspecte geo-
arheologice ale rdurilor §i campiilor aluviale,
este de fapt cel de al Xl-lea workshop initiat de
geomorfologii din Romania si Italia. Acestui
work-shop bilateral, ce a debutat in 1996 la
Cluj-Napoca, i s-au pus bazele cu ocazia
Conferintei Internationale a Geomorfologilor din
1995 de la Praga si a fost inceputul unei lungi
colabordri intre Asociatia Geomorfologilor din
Romania si Asociatia Italiana de Geografie
Fizicd si Geomorfologie. Ulterior, la acest
work-shop au aderat oficial asociatiile
geomorfologilor din Franta (Groupe Frangais de
Géomorphologie) si Belgia (Belgian
Association of Geomorphologists), carora, in
timp, li s-au adaugat alti geomorfologi. Astfel,
la acest din urma colocviu au participat atat
geomorfologi cat si arheologi din numeroase
tari ale Europei (reprezentanti a 21 state) si
chiar din America de Sud (Argentina, Brazilia).
Desfasurat sub egida Universitdtii Het Pand
din Gand, colocviul a fost organizat de prof. dr.
Morgan De Dapper si prof.dr. Frank Vermeulen
cu sprijinul LA.G. (Asociatia internationald a
geomorfologilor) — grupul de lucru in geo-
arheologie si a E.S.F. (Fundatia europeana de
stiinte) — COST Actiunea A27 (grupul de lucru
nr. 3). Dat fiind numarul mare de geomorfologi
si arheologi ce si-au anuntat participarea cu 30
prezentari orale i 39 postere, incd din perioada
premergatoare acestei reuniuni am  fost
avertizati de a respecta un grafic orar strict
pentru bunul mers al colocviului.
Geomorfologii din Roméania au fost prezenti
cu doua comunicari (The role of the alluvial
plains of OIt River in the emergence and
evolution of human settlements in the
depressions of Brasov and Fagaras — The
Brasov county, Romania, A. Cioaca, M. Dinu si
Some aspects regardingthe evolution of the
floodplains of Transylvanian rivers and its
influence upon the conservationof the cultural

resources, V. Surdeanu, D. Gotiu, I. A. Irimus,
D. Petrea) si cinci postere (The Romanian
Plain, a Danube alluvial plain where the river
disscovers the history, A. Cioaca; Importance
des déséquilibres morpho-hydrologiques pour
les sites archéologiques. Etude de cas dans la
Plaine Roumaine, F. Grecu, L. Comanescu, G.
loana-Toroimac, R. Dobre, E. Carciumaru;
Importance des déséquilibres morpho-
hydrologiques pour les sites archéologiques
Etude de cas dans la valee du Dunare, F.
Grecu, L. Comanescu, R. Dobre, C. Ghita, G.
loana-Toroimac, M. Visan; Reconstitution des
paléo-paysages Transylvains a partir des routes
et des castres romains de la Dacie Supérieure,
I. A. Irimus, V. Surdeanu, D. Petrea., F.
Fodoreanu, D. Gotiu; L’évolution pendant le
Quaternaire de la Plaine de Cris, N. Josan).
Mentionez cd dintre geomorfologii romani prof.
Nicolae Josan si prof. Florina Grecu au condus
sesiunile 3 si 5 de comunicari.

Daca discutiile pe marginea comunicarilor
orale prezentate nu au evidentiat o iesire din
tiparele obisnuite ale reuniunilor stiintifice
geomorfologice si geo-arheologice, as vrea sa
ma opresc in cele ce urmeaza asupra aplicatiei
de teren ce a urmat colocviului propriu zis.
Desigur, dacd initial eram descumpaniti de
tematica acestui colocviu, iar in sesiunile de
comunicari multe din problemele ridicate de
colegii belgieni si olandezi au reprezentat
pentru noi o noutate, excursia avea sa destrame
orice urma de incertitudine. Organizatd 1In
tinuturile pe care cei mai multi dintre noi le
asociam cu transgresiunea flandriana, aspectele
geo-arheologice ale campiei costiere
occidentale a Belgiei au devenit relevante si
deosebit de instructive pe masurd ce aplicatia de
teren s-a desfasurat.

Prima oprirea a avut loc la Raversijdel, la
cativa kilometri sud de Ostende, unde se afli
aeroportul turistic ce deserveste cunoscuta
statiune  balnearda  flamandd.  Sapaturile
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arheologice realizate in perioada 1992-2005 au
scos la iveald nu numai vestigii care atestd
ocupatiile locuitorilor satelor ce au fiintat aici
din perioada romanad, dar si evolutia acestora, de
la satele pescaresti din sec. XV, pana in
perioada modernd cand apele marii s-au
indepartat cu cativa km. Astfel, pescuitul, una
din ocupatiile traditionale a fost Inlocuit cu
cresterea animalelor si o agricultura bazata pe
valorificarea terenurilor amenajate hidrotehnic.
Aceste recente descoperiri  din  domeniul
arheologiei maritime au fost insotite de ample
investigatii de geomorfologie litorala ce-si
gasesc materializarea in cateva sali ale
muzeului Institutului Flamand de Arheologie.
Urmadtoarea oprire avea sa ne edifice asupra
evolutiei geomorfologice recente a unui polder,
respectiv “De Moeren”. Prezentarea acestui tip
de relief, creat de om si modelat initial in regim
antropic, intrat ulterior in regim natural de
modelare de-a lungul secolelor, a fost selectat
un punct aflat in proximitatea frontierei franco-
belgiene, ce partajeazd cele 3000 de ha intre
Franta (2000 ha) si Belgia (1000 ha).
Executarea demonstrativd de catre studentii
grupei de studii ecologice a unor foraje
expeditionare, a confirmat practic informatiile

lentile fosile

primite  de la prof. emerit Cyriel
VERBRUGGEN ca prezenta turbei sub
straturile de nisip evocd o mlastind veche.
Aceasta, s-a format pe locul unui lac putin
adanc (care apare si pe o harta din 1664
ilustrand ghidul excursiei) ce facea parte din
salba de lacuri costiere de pe tdrmul belgian.

Ultima parte a aplicatiei ce a avut loc in
Koksijde, ne-a prilejuit cunoasterea reliefului de
dune de pe plaja omonima si a complexului de
situri arheologice “Teen Duinen”. De altfel
prezenta unui sir dublu de dune intre Moeren si
mare este evidentd. Trebuie sd amintesc aici, ca
in principal morile de vant aveau ca activitate
pomparea apei din lacurile dintre dune, aflate
sub nivelul marii si transformarea terenurilor in
poldere. Astfel, moara de vant vizitata alaturi de
alte 19 au pompat intre 1616 si 1625 apa lacului
Moeren in firavul curs de apa Ringsloot care la
randul lui a evacuat-o in mare langa Dunkerque.
Astfel, s-au obtinut terenuri de cultura ce au fost
utilizate ca atare pana in 1944, cand trupele
germane in retragere incercand sa apere orasul
Dunkerque sau sa intarzie inaintarea trupelor
aliate, au deschis stavilarele si au inundat
polderul pentru mai multe luni.

Polderul Moeren

lentile fosile

0 1000 m

Profil geomorfologic generalizat prin polderul Moeren (prelucrare a autorului dupé originalul intocmit de De Ceunynck, 1984).
JD, Dune recente (dupd sec. al Xi-lea); JS, plaja recentd formata din sedimente marine ; D, argile depuse in transgresiunea
Dunkerque; OD2, OD.2, dune mai vechi de véarstd De Panne (epoca fieruiui); X, sedimente haotice; VI, urme de turbd, ODA,
dune vechi din Adinkerke (3000 ani 1.Ch.); OS, vechi sedimente de plaja activa; M, sedimente marine; W, sedimente plane
depuse de maree; B, sedimente de apa dulce de varstad Boreald; P, sedimente Pleistocene (Weichel + Eern); T, sedimente

Tertiare (argile de leper - Eocen).

Adrian CIOACA
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Florina GRECU, (2006), Hazarde §i riscuri naturale (editia a I1I-a), Editura Universitara, Bucuresti (222 p., format B5,
84 de figuri si fotografii incluse 1n text, 19 tabele si 148 pozitii bibliografice)

Aflatd la cea de-a treia editie, lucrarea de fatd
prezintd deja garantia succesului. Dorinta
continud de autodepdsire a autoarei a facut ca
incepand de la prima editie (1997), si
continudnd cu cea de-a doua (2004), calitatea
materialului prezentat sa fie mereu imbunatatita
prin adaugarea celor mai noi informatii din
lumea stiintifica si nu numai.

Prezenta editie o completeaza pe precedenta
prin  dezvoltarea unor  capitole, prin
exemplificdri teoretice §i prezentarea unor
evenimente recente §i sugestive pentru impactul
dezastruos pe care 1l pot avea tipurile de
hazarde analizate.

Structuratd pe patru capitole, lucrarea
debuteazd prin conturarea terminologica a
vastului domeniu al hazardelor si riscurilor
naturale 1n contextul lor istoric si tratarea
metodologiei de transpunere cartografica a
acestora, proces deosebit de complex si totodata
imperios necesar pentru creionarea strategiilor
de management a dezastrelor.

In continuare, autoarea analizeazi minutios
fenomenologia hazardelor geologice, a celor
geomorfologice, atmosferice si hidrice.

Hazardele si riscurile geologice au unele
dintre cele mai devastatoare efecte asupra
mediului §i a comunitdtilor umane, fapt
subliniat in lucrarea de fata. Vulcanismul si
fenomenele seismice sunt prezentate mai intai
teoretic, pentru intelegerea fenomenelor si a
proceselor conexe, iar mai apoi sunt punctate
exemple sugestive la nivel global si national. In
ceea ce priveste fenomenele seismice foarte
interesanta este prezentarea cronologica a celor
mai severe evenimente din Romania, 1n
perioada 1000-2000, dar si a celor produse in
Europa si Asia la sfarsitul ultimului mileniu.
Deosebit de binevenite sunt si precizarile
referitoare la masurile de autoprotectie a
populatiei in contextul in care tara noastrda

prezintd un grad de vulnerabilitate mare la
producereca de seisme si un grad scazut de
pregatire a populatiei pentru a face fatd unui
eventual dezastru.

Relatia de interdependenta dintre fenomenele
geomorfologice si cele legate de degradarea
solurilor a impus analizarea lor in cadrul
aceluiasi  capitol. Fenomenele de risc
geomorfologic (deplasari prin cadere, prin
sufoziune si tasare, alunecari de teren si
procesele hidrice de versant) sunt definite,
clasificate si analizate in detaliu in raport cu
factorii lor de control. De asemenea este
subliniat §i impactul pe care acestea il au asupra
populatiei. In continuare se trateazi eroziunea
solului, fie neconcentrata, fie torentiald, precum
si alte procese de degradare a solului
(laterizarea, gleizarea, salinizarea, podzolirea
intensa s.a.).

Fenomenele atmosferice si cele hidrice de risc
(ciclonii tropicali, tornadele, orajele, trasnetele,
viscolul, inundatiile, secetele, desertificarea
s.a.) Interfereazd 1n ceea ce priveste
manifestarea si cele mai dezastruoase sunt
caracterizate prin declansare rapidd si impact
direct asupra populatiei. Se remarca prezentarea
celor mai recente dezastre la nivel mondial
(tornada de la Facaieni, 2002, care a reprezentat
un fenomen insolit in istoria tdrii noastre;
furtunile tropicale din Atlantic — 2005;
inundatiile din Roméania din vara anului 2006;
un istoric deosebit de interesant al inundatiilor
produse de Tibru in Roma s.a.).

Fiecare capitol este insotit de exemplificari
ale impactelor pe care hazardele prezentate le
au asupra comunitatilor umane. Ilustrarea lor
este cit se poate de sugestiva, fiind insotitd de
imagini, tabele si explicatii teoretice si practice
de un real folos pentru cititor. De asemenea, la
sfargitul fiecarui capitol se regdsesc itemi de
verificare a cunostintelor, care completeaza
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demersul didactic in beneficiul studentilor si nu
numai.

Meritul lucrdrii consta in oferirea unui volum
impresionant de informatii, care contureaza,
chiar si cititorului mai putin avizat, o viziune
unitard asupra hazardelor naturale. Suportul

cartografic, tabelele si fotografiile ilustreaza si
nuanteaza informatiile din text. Studiul de fata
este deosebit de binevenit in contextul in care
frecventa hazardelor naturale este tot mai mare,
iar urmarile pe care acestea le au sunt tot mai
Severe.

Dana GOTIU

Alberto Mariano CAIVANO (2003), Rischio idraulico ed idrogeologico (Il ed.), EPC Libri, Roma, 272 p., numeroase

tabele, schite, grafice, CD.

Prin structura si modul de abordare a
problemelor legate de riscul indus de ape,
lucrarea Rischio idraulico ed idrogeologico
tradeaza specializarea autorului-inginer 1in
Ufficio Difesa del Suolo della Regione
Basilicata (AATO 1 di Potenza). Intregul
material prezentat (11 capitole si anexa) se
constituie Intr-un model de analiza pertinenta a
gestionarii hazardelor si riscurilor hidrice, in
consens cu logica stiintifico-practica si a
legislatiei italiene.Un rol important se acorda
unor  concepte  utilizate, cum  sunt
periculozitatea/siguranta, vulnerabilitatea,
diferitelor metode de determinare ai unor
parametrii de analizd a riscului folosind

computerul, precum si lucrarilor de inginerie
hidrologica  (capitolele  2-6).  Caracterul
multidisciplinar al fenomenelor de risc
hidrologic si hirogeologic se regaseste 1In
capitolul referitor la gestiunea inundatiilor
(cap.11), in care se pune accent pe cartarea la
diferite scari a mai multor tipuri de risc
(hidrologic, seismic, industrial etc.).

Formulele de calcul, exemplele concrete de
utilizare a diferitelor programe (existente pe
CD) fac din carte un pretios instrument de
lucru, util nu numai inginerilor hidrologi, ci si
geografilor si tuturor celor interesati de
fenomenele extreme datorate apei din rauri sau
apei subterane.

Florina GRECU
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