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Studiul alunecirilor de teren

~ The study of landslides

in Roménia, alunecirile de teren ocupé
arii extinse, ele fiind procese de modelare a
suprafefelor inclinate, prezente atit in aria
montand, in special cea a flisului, ¢it i in cea
subcarpatici §i de podis. Desi cu mare
discontinuitate in timp si spatiu, prin caracterul
lor de transport masiv de masa, alunecarile sunt
considerate principatul proces de modelare
actuala a versantilor.

In ceea ce priveste acest proces
geomorfologic literatura de specialitate din
Roménia dispune de o informatie bogata. Daci
Iuam in consideratie numai studiile elaborate de
citre geografi s1 geologi, putem aprecia ci in
momentul de fata existi peste 200 de lucrari
referitoare la alunecari de teren, ce acopera
toate marile unititi morfologice ale tirii.

In functie de nivelul de abordare a
procesuiui si de sfera preocupdrilor, am
propune urmaitoarea etapizare:

— O prim# etapi, cg acoperd prima
jumatate a secolului, cind studiile au avut un
caracter predominant de caz, contribuind la
acumularea de informatii calitative si mai pufin

cantitative;
¢ — a doua etapd, ce cuprinde deceniile 7
si 8 a statuat geografia, in general, si
geomorfologia, in special, ca stiinte aplicative,
in care informatia depiseste cadrul strict
descriptivist si se apropie de stiintele
ingineresti. Aceasta este etapa in care studiile
geomorfologice cu caracter monografic au ca
obiect intreaga suprafati a thri;

— ultima etapa, am
deceniile 9 si 10. Ea se caracterizeaza printr-o
mare bogitie de informatii privind mecanis-
mele procesului de alunecare, rolul lui in
ansamblul proceselor de modelare a versantilor.
Studiile experimentale de teren si de laborator
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{n Romania, the landslides occupy vast
areas: they represent the modelling processes of
the sloped surfaces, wihich exist both in the
mountainous area, especially in the Aysch area,
and in the subcarparhian and tableland areas.
Although they present a grear discontinuity in
space and tme, through their characteristic of
transporting the masses. the landslides are
cousidered (o be the main present-day
modelling process of the slopes.

As far as this geomorphological
processes is concerned, the literature of this
branch of science is abundant in information.
Considering only the studies elaborated by
geographers and geologists, we might
appreciate the fact that at present, there exists
over 200 works conceming the landslides,
which cover all the important morphological
units of Romania.

Depending on the level of approach and
on the sphere of preoccupation we would like
fo propose the following phases:

— a first phase, which cover the first
half of this century, when the studies had a case
character, contributing to the accumulation of
more qualiiative than quantitative informations;

— & second phase, during the 70s and
80s when  geography and  especially
geomorphology fumed into applied scicnces,
when the information overruns the strict
descriptivist character and comes closer to the
engineerng sciences;

— the last phase between the 9th and
the 10th decades; it is characterized by a great
richness of information, coocerning  the
landslides processes and their importance in the
modelling process of the slopes. The experi-
menial studies in the field and in the laboratory
have cleared up aspects which were not very



efectuate in aceasti perioads au elucidat aspecte
mat pufin cunoscute, ajungindu-se la sinteze
privind riscul natural si elaborarea hartilor de
risc natural legat de procesnl de alunecare.

Inca de 1a inceputul secolului nostru in
Roméfnia au apérut informafii sistematice
asupra alunecirilor de teren (20), cnd si pe
plan mondial fenomenul era inca putin
cunoscut. Ulterior, odati cu dezvoltarea
invatimintului geografic romfnesc, studiile
vizdnd procesele de miscare in masid si in
special procesul de alunecare se inmultesc,
realizAndu-se citeva sinteze (15, 21, 24, 27, 30,
33.37).

Aceste lucriri de sinteza au fost posibile
gratie unei informatii din ce in ce mai bogate si
ele iau in studiu intreaga arie de desfisurare a
procesului  (Carpati, Subcarpati, Podisul
Transilwianiei, Podisul Moldovenesc).

In marea lor majoritate studiile de caz
intreprinse de geomorfologi isi propun s
lamureasca urmitoarele aspecte:

— relatiile existente intre substratul
geologic, depozitele de cuvertura si raspandirea
fenomenului de alunecare. Astfel s-a evidentiat
faptul ¢ alunecsrile de teren apar acolo unde in
substrat predomind structuri heterogene, sub
aspect litologic, in care rocile permeabile
alterneazi cu roci impermeabile. S-a constatat
de asemenea ca alunecirile de teren au o mare
frecventda in zonele de contact dintre
formafiunile apartinAind  Sarmatianulei st
Pontianului (Podisul Transilvaniei); Badenian-
Sarmatian §i  Pliocen-Cuaternar  (Podisul
Moldovenesc si zona subcarpatich externi);
intre sedimentul neogen si aglomeratele
vulcanice (Subcarpatii Transilvaniei) si intre

flisul cretacic ¢i paleogen din Carpatii flisului.
) ~ un al doilea aspect luat in studin a fost
acela al virstei alunecirilor de teren. S-a ajuns
astfel la conclizia c4, cel putin pentru aria
subcarpatici si cea de podis, existt o fazi de
ampla modelare prin procesul de alunecare,
cand an existat condifii care an favorizat
mobilizarea unor importante mase deluviale,
astdzi in mare parte stabilizate (26). Aceasti
importanti faza a fost localizata de citre toti
cercetatorit la sfarsitul Pleistocenului sau in
pericada de tranzitie dintre tardiglaciarul
Wiirmian si prima parte caldi a postglaciarahui
(pre-boreal). Alunec#rile masive produse atinci,

well known reaching the point of elaborating
synthesis concerning the natural risk and to
elaborate maps of hazard, linked with the
Ilandslides processes.

Even from the beginning of our century,
there have appeared in Romania systematical
Information on landslides (20), when on the
intemational level the phenomenon was very
dittle known, too. After that, together with the
development of Romanian geographical
educational system, the studies concerning the
mass wasting processes and specially the
{andslides are growing in number and some
synthesis are elaborated (15, 21, 24, 27, 30, 33,
37).

These works could have been reslized
owing (o a richer information, apd they took
into consideration the whole area where the
process  Is developing (Carpathians,
Subcarpathians,  Transylvanian  Tableland,
Moldavian Tableland).

Most of these case studies are made by
geomorphologists, and they aim to clear up the
following aspects:

— the existent relationships established
betwen the geologic subjacent bed, the deposits
on the cover and the spreading of the landslide
process; thus it has became clear the fact that,
lithologically speaking, Ilsndslides appear
where heferogeneous structures are dominating
in the subjacent bed, in which permeable rocks
are in alternance with impermeable rocks. The
{andsiides have an important frequency in the
contact zones, between the Sarmatian and the
Pontian deposits (Transvivanian Tableland):
Badenian-Sarmatian and Pliocene-Quaternary
(Moldavian  Tableland and the Outer
Subcarpathians); between Neogene sediments
and volcanic agglomerates (Transylvanian
Subcarpathiaus); between Cretaceous and
Paleogene flysch (Carpathian Mts.).

— the second aspect taken in study has
been the age of the landslides. It was concluded
that at least for the Subcarpathians and
tableland areas there exist a vast phase of
modelling through the landslide proces when
conditions which enabled the movement of
important  deluvium nowadavs pactially
established (26). This important pkase Jocated,
by all the researchers, at the end of Pleistocene
orin the fransition period between the Late



dintre care o noti aparte o dau cele de tip
Zlimee, sunt, in timp, partial reactivate, odati
cu realizarea unor excendente pluviometrice.

— un alt aspect abordat de
geomorfologii din Roméfnia este acela al
tipologiei alunecarilor de teren (23, 21, 37, 32).
In stabilirea diverselor tipuri accentul a fost pus
pe meorfologia corpului alunecirii si cea a
zonelor furnizoare de masad si mai putin pe
mecanismul aluneart. S-aw  delimitat  astfel
alunecari masive de versant: aluneciri in
monticuli san glimee; aluneedrt in valuri;
alunecéri in trepte si  brazde; alunecari
lenticulare; vii de alenecare.

— In rdndul cauzelor care declanseaza
procesul de ahmecare este evidentiat in prinmd
tind rolul jucat de pericadele de excendent
pluviometric in recrudescenta la scard mare a
fui, cu mentiunea ca, in toate cazurile, marile si
micile alunecari sunt datorate supraumectarii
substratului §i depozitelor de cuverturd. In
secolul nestru a fost posibili realizarea unei
corelatit intre recrudescenta procesulni  de

alunecare st regimul precipitafitlor
stabilindu-se chiar o ciclitate de aproximativ 30
ani (12, 25, 36).

Tot ca un factor favorizant s-a remarcat
€a, in general, procesul de alunecare este
frecvent acolo unde interventia antropica s-a
facut resimtitd prin degradarea covorului
vegetal, in special prin despaduriri, pasumat
intensiv, exploatiri de substante minerale utile,
etc.

Corobordnd aceste considerente si
altele, geomorfologii au stabilit ca procesul de
alunecare se praduce frecvent si se constituie ca
proces conducator in modelare, in etajul
morfoclimatic fluvio-denudational, intre
~300-1 000 m alt.abs. (27, 4, 14, 9, 36), in areale
apartinind podisurilor, Subcarpatilor si zonei
flisului Carpatilor Orientali.

O a doua etapa de abordare a procesului
de alunecare, specifici deceniilor 7, 8 si partial
9, s-a concretizat in elaborarea unor ample
monografii geomorfologice, atdt pentru zona
montanit (6, 8, 14, 16, 35, 39) si subcarpatici
(2, 5, 7, 11, 18, 34), cét si pentru zonele de
podis (1, 10, 13, 17, 28).

Studiile realizate in aceasti perioad:
sunt remarcabile prin informatiile prin
informatiile cu privire la repartitia in spatiu a
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Wiirm and the warm period of the postelaciar
(Preboreal). The massive landslides developed
at the time, especially the glimee ones, are
partially  reactivated when  plnviometric
surplusses are realfsed:

— another aspect approached by the
Romanian geomorphologists is the landslides
évpology (23, 21, 37, 32). In the elaboration of
the typology the accent has been put especially
on the morphology of the body of the
landsiides and on supplying zones ‘of masses
and Fittle on the landslide’s mechanism. So,
there were delimited several types: massive
siope landslides; monticular Iandslides or
glimee; in waves; landslides in firrows and
steps; lens landslides; landslide valleys.

— among the causes which determine
the beginning of the process, the role plaved by
the ex’cendenfarv pluviometric  period is
obvious both for the little and the big
landslides, dwe to the superhumidity of the
subjacent bed and the cover deposits. There are
two correlation done, in our country, between
the recrudescence of the landslide processes
and the precipitation regime, and has been also
established a ciclicity of almost 30 years (12,
25, 36).

Also, as a favourable factor, it is
obvious the fact that in general the Iandslides
appear more frequently where man destroyed
the vegetation, by deforestation, infensive
pasturing, exploitation of resources, efc.

Geomorphologists  established  that
landslides are frequently taking place and are
the main modelling processes in the fluvio-
denudational morphoclimatic level between
the altitudes of 300-1 000 m (27, 4, 14, 9, 36),
in the Subcarpathians, tablelands and fysch
from Eastern Carpathians.

A second approach specific for the 7th,
Sth and partially 9th decade took fto the
elaboration of ample geomorphological
monograpis for mountains (6, 8, 14, 16, 35,
39), for Subcarpathizn areas (2, 5, 7, 11, 18,
34), and for lableland areas (1, 10, 13, 17, 28).

The studies from this period are
concerning  the spatial  distribntion  of
landslides; the preseatation of the causes of the
phenomena; the correlation established between
landslides and other modelling processes and
typifying for each geomorphological area. In



procesului de alunecare prin prezentarea
cazuisticii fenomenulwi, a corelatiilor ce se
stabilesc intre celelalte procese de modelare a
versantilor st procesut de alunecare, cu
degajarea unor tipologii distincte pentru fiecare
zond geomorfologica. Informatiile oferite de
catre geomorfologi in aceasta etapa se regisesc
frecvent in studiile de amenajiri teritoriale,
fiind parte component® a numeroase studii
tehnice. Elucidarea multor aspecte referitoare la
mecanismele de declansare si evolutie a
alunecérilor de teren s-a fiacut prin studii
interdisciplinare.

Ultima etapa, care incepe in deceniul 9
$i se continud si astizi, isi are originile in etapa
premergitoare, Acum se vizeaza, in primud
rdnd, cunoasterea in profunzime a procesului de
alunecare. Descori in metodologia cercetirii se
face apel la stiintele naturalistice apropiate
{geologia tehnicd, geomecanica, hidraulic,
etc.). Aceastd etapa marcheazi momentul cind
geomorfologia romdneasca s-a implicat si mai
mult in studii complexe de amenajiri
teritoriale, de constructii de artd, de prevedere
si prognozia a unor astfel de femomene cu
caracter imprevizibil, ce se pot solda, de multe
ori, cu pierderi materiale si umane importante.
Se poate afirma ci inceputul acestei perioade
s-ar putea concretiza, dupa marea recrudescenta
a proceselor de alunecare datorata excesului
pluviometric din 1970-1972 si a cutremurului
de pdgmant din 1977, cand informatiile existente
asupra lor s-au dovedit a fi insuficiente.

in aceasta etapa s-au elaborat si parcurs
numeroase strategii privitoare la  studii
experimentale de teren, unele durdnd peste 10
ani. S-au wmirit in principal dinamica
procesului de alunecare; relatii dintre faza

" dinamica si proprietatile fizico-mecanice ale
substratuiui si depozitelor de cuverturd; rata
denudatiei prin astfel de procese; efectul
schimbarilor, in tmp, a propretitilor
fizico-chimice ale substratului si depozitelor de
cuvertura in declansarea/reactivarea si evolutia
unor suprafete de alunecare (5, 36, 37).

Un alt aspect care a facut obiectul a
numeroase studii demne de semnalat este acela
al stabilirii zonelor susceptibile de a fi afectate
de alunec#ri de teren in viitor. Plecind de la
analiza functionala a versantilor (14, 19, 37) s-a
constatat ca, in morfologia versantilor, exista

this phase, we can find information offered by
Leomorphologist in the studies of regional
planning activifies as parts ofthe numerous
technical studies. The crystallisation of many
aspects concerning the release and evolution of
landslides were made with the help of
inferdisciplinary studies.

The last phase which has started in the
80s, continuing until foday, has its roots in the
former phase. Deep knowledee of process is
taken in  consideration freguenty, In
researching methodology we used the nearest
naturalistical sciences (technical geology,
geomechanics, hydranlics a. o.). This phase
points  the moment when  Romanian
geomorphology is more implicated in the
complex sfudies of regional planning,
foreseeing and prognoses. The beginning of
this period could be placed afler the great
recrudescence of Iandslidings due to the
pluviometric excess from 1970-1972 and the
earthquake from 1977 when all the information
about these phenomena came to be insufficient.

On this stage a great number of
strafegies were elaborated concerning the field
experimental studies, - me of them lasting
more than 10 years. First of all it was analyzed
the dvnamics of landslides; the connections
between the dynamic phase and physical
mechanical features of the subjacent bed and
the cover deposits; the denudational rate; the
effect of changing, in time, of the phyvsical and
chemical features of the bed and cover deposits
in the release and evolution of some slide
surfaces (3, 36, 37).

Another studied issue was the
establishing of susceptible area for landsliding
in the future. Taking info consideration the
functional analysis oa slope (14, 19, 37) there
are three critical zones that can be delimitated:

~ on the lower part, affected by active
fluvial erosion, but which supports great
geological overloadug, due lo its anterior
evolution;

— the second, in the middle of the
hillsope, as an answer to the complex
anthropical intervention;

—~ on the superior part, being an answer
to the disequilibriums created in geological or
histotical time. Evolution models of the slope
system were elaborated for the landslide areas



trei zone critice:

— una sitwatd la baza lor, supusa
eroziunii active a raurilor, dar care suporti o
suprasarcind geologica crescuti, ca urmare a
ciclurilor de evolutie anterioare;

- a doua, situati in partea medie a
versantilor, ca rdspuns la interventia antropici
compiexa asupra morfologiei lor;

— O a treid zond, ce ¢ situatd in partea
superioard, ca raspuns la dezechilibrele create
in timp geologic sau istoric, prin care asistam la
0 cobordre altitudinald a cumpenelor de ape
prin procese de aluncare. Pentru zone cu
alunecéri din Podisul Transilvaniei (19, 37) s-
au elaborat modele de evolutie a sistemului
versant, prin astfel de procese de modelare.

O alta problematica abordati este aceea
a stabiliri unor corelatii intre ratele de
deplasare a alunecarilor de teren si evolutia
vailor (29). S-a demonstrat astfel ¢4 procesul,
cel putin pentru zonele de Podis si Subcarpati,
contribuie activ la agradarea albiilor, prin
cantitatea mare de dehavii cu care contribuie la
bugetul aluvionar.

Problema prevenirii §i a anticiparii
evolutiei versantilor prin alunecari de teren sta
acum in atentia geomorfologilor romént, deja
abordatd inca din deceniul 7 (22). Elaborarea
unor hiirti de risc natural legat de procesele de
alunecare s-a ficut doardupa 1990, pentru
zonele subcarpatice, din Podisul Transilvaniei
si Carpatii flisului. Aceste harti dorim sa devina
instrumente utile organelor de decizie locale
sau guvernamentale (37).

10t

from the Transylvanian Tableland, with the
help of such modelling processes (19, 37).

Other problem that has been approached
was the establishine of some comelations
betwen the moving rate of Iandslide and the
evolution of valleys (29). It was demonstrated
that the process concerming at Jeast the
tableland regions and Subcarpathins s
contributing to the aggradation of river beds by
the great amount of allluvial sediments.

The problem of prevention and
anticipation of slopes evolution through the
landslide process is now on the attention of the
Romanian geomotphologists, being approached
even since the 7th decade (22). But the
elaboration of maps with natural hazards
connected with the landslide process has been
made onlyafter (950, for the Subcarpathian
area, Transylvanian Tableland and the flysch
area. We want that these maps to become
useful instruments for local or national
governments (37).
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