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Geomorfologia
in primul deceniu al mileniului trei

A sasea Conferintd Internationald de Geomorfologie s-a desfasurat in Spania, la Zaragoza,
intre 7 §1 11 septembrie 2005, cu tema generala: ,,Geomorfologia regiunilor cu contraste de
mediu®. Participarea la aceastd impresionantd reuniune stiintifica mi-a oferit prilejul de a simti
pulsul comunitatii geomorfologilor din Lume si de a incerca o analiza a starii cercetarii geo-
morfologice la mijlocul primului deceniu al mileniului trei. Randurile de mai jos reprezinti nu
numai o dare de seama asupra activitatilor din cadrul conferinte, dar si prilejul exprimarii unor
reflexii proprii asupra stirii actuale a stiintei pe care o slujesc de aproape 40 ani.

Cateva cifre exprima lapidar realitatea conferintei geomorfologice mondiale: aproape 1 000
de participanti din 44 tan, 5 conferinte in plen, 17 sectiuni in care au fost prezentate 742 de
comunicari, 3 sectiuni speciale cu un total de 49 de comunicari, 5 grupuri de lucru cu un total
de 86 de comunicari, nesfirsite discutii pe coridoarele impresionantului Auditorio-Palacio de
Congresos si la reuniunile organizate de diferitele delegatii.

Dincolo de aceste cifre sunt geomorfologii, acei oameni pasionati cu cele mai diferite virste,
multi foarte tineri, care incearci si descifreze tainele reliefului planetei Terra de la intregul
global, la cel zonal, regional, local sau punctual.

Stind bine ¢i fiecare moment din evolutia unei stiinte reflectd un anumit spirit al timpului
(Zeitgest), o anumitd metodologie i anumite tinte spre care se indreapti atentia cercetitorilor,
in bund misurd ca urmare a comenzii sociale, ma obseda intrebarea: prin ce se caracterizeaza
momentul geomorfologic actual $i spre ce indreapta geomorfologia in viitor?

Modul de grupare al geomorfologilor in cele 17 sectiuni care le-au stat la dispozitie exprima,
in mare mdsurd, orientarea atentiei geomorfologilor spre anumite domenii.

Domeniile de interes se grupeaza astfel: (i) geomorfologia fluviala, peomorfologia versan-
telor, geomorfologia structurald si neotectonica, eroziunea solurilor, geomorfologia costiera,
sunt domeniile de interes maxim; (i) geomorfologia glaciar si periglaciara, aplicarea GIS-ului
in geomorfologie, procesele de meteorizatie, geomorfologia mediului, geomorfologia si
mostenirea culturald, sunt domenii de interes moderat; (iii) domeniile de interes redus sunt:
dezastrele naturale geomorfologice, geomorfologia carstului, teorie si metode in geomorfolo-
gie, geomorfologia regiunilor aride, geomorfologia regiunilor tropicale, relieful vuleanic si
raspunsul uman la schimbarile geomorfologice rapide,

Desigur, aceasti ierarhizare a domeniilor de interes, dupa modul de grupare a comunicarilor
in cele 17 sectium, prezintd un oarecare grad de subiectivism, De exemplu numarul mic de
comunicari de la sectiunea ,.Dezastre naturale geomorfologice® nu exprimi atentia reala de
care se bucurd acest domeniu deoarece la majoritatea sectiunilor au fost prezentate comuniciri
in care se discutau probleme ale hazardelor geomorfologice fluviale, de versant, costiere, vul-
canice ete. De altfel, in documentul final al Conferintei, se afirma: , Cercetarea geomorfolo-
gicd care produce hdrfi si modele necesare identificarii ariilor susceptibile de a fi afectate de
hazarde naturale oferd o parte din baza stiintificd pentru luarea deciziilor de reducere si pre-
venire a pierderilor de vieti si bunuri materiale de cdtre evenimentele naturale. S1 in conti-
nuare: ,Geomorfologii trebuie sd contribuie la luarea deciziilor la toate nivelurile pentru pre-
venirea §i reducerea hazardelor geomorfologice ...
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Cele trei sesiuni speciale au avut ca teme: (i) contributiile geomorfologiei la intelegerea
schimbarilor globale (8 comunicari); (ii) geomorfologia Antarcticii (13 comunicari); (iii) geo-
morfologia carstului pe evaporite (28 comunicari),

Grupurile de lucru active, care si-au prezentat rezultatele la Zaragoza sunt: geomorfologia
raurilor mari (12 comunicari), geoarheologie (29 comuniciri), situri geomorfologice (25 de
comunicari), interactiuni dintre procesele fluviale, eoliene i lacustre (6 comunicari), hidrolo-
gia si geomorfologia albiilor pictroase de riu (14 comunicari). Fiecare grup de lucru este for-
mat prin asocierea unui numar de cercetatori din diferite tari in vederea dezvoltarii cunoagterii
intr-un anumit camp al geomorfologiei. Grupul de lucru are un presedinte $1 un secretar, are un
program de activitate foarte clar §i in final, de obicei la 4 ani de la infiintare, trebuie sa pre-
zinte nu numai un raport asupra rezultatelor obtinute, dar §i un studiu de sinteza publicat intr-o
editurd bine cotata.

Cartarea si cartografia geomorfologica riméine o preocupare a majoritatilor geomor-
fologilor, chiar daci la Conferintd nu s-a organizat 0 sectiune sau un grup de lucru pe aceasta
temd. Expozitia de harti geomorfologice in perspectiva istorica, de la primele harti de la
inceputul secolului XX, pani la exceptionala ,Mapa Geomorfololgico de Espana y del mar-
gen continental” la scara 1:1.000.000, publicata in anul 2005 sub coordonarea lui A, Martin-
Serrano, ca si numercasele harti de cele mai diferite tipuri prezentate la comunicir sau pe
postere, denotd interesul constant spre aceastd cale de exprimare stuntifica proprie geomor-
fologilor. Tehnicile GIS, ca si modelele 3D sunt elementele de noutate specifice ultimilor ani.

Privind in ansamblu ponderea preocupdrilor actuale ale geomorfologilor din cele 44de tari
participante constatim orientarea interesului dominant pentru studiul proceselor fluviale, de
versant si costiere, multe din comuniciri avind pronuntat caracter practic. Constatam, de
asemenea interesul redus pentru reconstituirile morfogenetice, pentru terase §i pentru aspectele
strict morfologice (analiza formelor), aspecte spre care se orienta, cu prioritate, cercetarea geo-
morfologicd in urma cu 20 — 25 ani.

Atentia acordata preceselor geomorfologice actuale nu este intimplatoare. O prima expli-
catie este legata de caracterul practic al cunoasterii acestor procese care induc frecvent hazarde
si de finantarea preferentiala a lor. A doua, ar fi posibilitatea analizes rezultatelor masuratorilor
din teren prin tehnici matematice considerate de multi a fi singurele care ar da substanta stiinti-
fica lucrarilor respective.

Domeniile relativ noi spre care se indreapta un numir din ce in ce mai mare de geomor-
fologi sunt geoarheologia, siturile geomorfologice, geomorfologia reliefului fundurilor ocea-
nice, geomorfologia ariilor senzitive la hazarde. Fiecare din aceste domenii se confrunta cu
necesitatea fundamentarii teoretice si metodologice a demersului stiintific, precum si cu difi-
cultati financiare in asigurarea logisticii de cercetare.

Spre ce se indreaptd geomorfologia in partea a doua a primului deceniu din mileniul trei?
Mesajul noului presedinte al Asociatiel Internationale de Geomorfologie, Andrew Goudie, la
incheierea lucrarilor Conferintei de la Zaragoza, indica cinei domenii prioritare pentru
viitorii 4 ani: geomorfologia peisajelor, geomorfologia aplicata, implicatiile geomorfologice
ale schimbarilor globale, rolul geomorfologiei in sistemul stiintelor Pamantului, studnle geo-
morfologice la scaria planetara,

Primul domeniu vizeaza dezvoltarea cercetirilor geomorfologice asupra peisajelor care pre-
zintd importantd ca mostenire pentru generatiile viitoare. Existé riscul, din ce in ce mai evident,
degradarii sau chiar al disparitiei unor peisaje cu relief de mare valoare stiintifica si estetica.
Acestea trebuie cunoscute, monitorizate si protejate prin infiintarea geoparcurilor si geositurilor.



Editorial i

Importanta geomorfologiei aplicate este recunoscuta de multa vreme. Aici se impune con-
centrarca atentiel asupra cunoasterii hazardelor naturale (alunecari de teren, torentialitate,
mundatii, eroziunea solurilor, desertificarea etc.) in scopul producerii de hirti si modele nece-
sare nivelurilor de decizie in actiunile de prevenire si combatere a riscurilor materializate prin
pierderi de vieti omenesti, a bunurilor materiale, degradarea resurselor de sol etc,

Schimbarile globale din ce in ¢e mai vizibile impun dezvoltarea unei noi directii in geomor-
fologia actuala, Este vorba de studiul impactului schimbarilor climatice globale asupra reliefu-
lui regiunilor senzitive ale Terrei la aceste schimbiri. Tundrele, stepele, regiunile semiaride,
deltele, lagunele, regiunile glaciare actuale (Groenlanda, in primul rind, dar si Antarctica si
ghetarii montani) reprezinta astfel de regiuni senzitive care vor suferi transformari cu directii,
ritmuri §i intensitati inca foarte putin cunoscute.

Aportul geomorfologiel la dezvoltarea stiintelor Pamantului este din ce in ce mai solicitat.
Domeniul vizeazd analiza ratei de denudatie si ciclurile geochimice in corelatie cu schimbarile
tectonice i climatice prin colaborarea cu geologi s geofizicieni. Un nou grup de lucru condus
de profesorul Lothar Schrott este pe cale de a se forma pentru a dezvolta aceasta directie.

Studiile geomorfologice la scara planetara vizeaza trei directii: (i) cercetarea reliefului plane-
telor, mai ales al planeter Marte; (11) cercetarea reliefului fundurilor oceanice si (iii) cercetarea
ansamblului reliefului subaerian la scara zonala. Utilizarea imaginilor satelitare, al sondajelor
acustice side-scan sonar si al sondajelor seismice 3D in corelatie cu tehnicile geofizice si geo-
logice sunt metodele principale de la care se astapta date pe care si se fundamenteze ipoteze
noi, posibil revolutionare, pentru stiintele Paméantului. Tot aici se incadreaza si preocuparile
pentru descifrarea morfogenezei unor unitati de relief la scara zonala si regionald in spiritul
nou, mobilist, care respinge, din ce in ce mai viguros, uniformitarismul davisan.

In comunitatea mondiala a geomorfologilor se observi, cu diferite intensitati si nuante in
fiecare din tarile participante, cateva manifestiri care tind sa frineze dezvoltarea stiintei
noastre. Una ar fi autoritarismul agresiv al unor geomorfologi mai varstnici, din fericire din ce
in ce mai putini, in scopul mentinerii paradigmelor vechi si ignorarea noilor realizari. A doua
ar consta in entuziasmul juvenil cu care unii tineri se grabesc in prezentarea unor rezultate
insuficient fundamentate printr-o baza teoretici serioasi si prin cercetiiri pe teren suficient de
aprofundate. Goana dupa un numar cit mai mare de lucriri publicate, cu prezentarea repetatd
a aceloragi rezultate in lucrari diferite conduce la abateri de la etica stiintifica cu urmari grave
in viitor. A trela: excesul de GIS in dauna cercetarilor pe teren, ori este evident pentru orice
geomorfolog adevarat ¢ munca de teren nu poate fi inlocuita prin tehnicile GIS, dupa cum cal-
culatorul nu poate gindi pentru noi.

Inainte de inchiderea lucrarilor se hotaraste locul de desfasurare al urmatoarei conferinte
nternationale de geomorfologie si al conferintelor regionale.

Cea de saptea Conferinta Internationald de Geomorfologie se va desfasura in anul 2009
la Melborn, cu aplicatii de teren in 11 locatii de pe tot continentul australian, precum si in Noua
Zeelanda. Pana atunci se vor desfasura 5 conferinte regionale: Spitzbergen (2006), Brazilia
{2007), Filipine - Borneo (2007}, Roménia (2008), Israel (2008).

Parasim Zaragoza cu sentimentul tonic de a fi participat la cea mai palpitanta aventura stiinti-
fica geomorfologica de la mijlocul primului deceniu al mileniului trei. Paleta larga de preo-
cupéri, numirul mare de participanti entuziasti la toate sectiunile, numarul foarte mare de
geomorfologi tineri foarte pasionati dovedesc ca geomorfologia actuald este o stiinti in plin
avint de la care se asteapta in viitor contributii teoretice i practice esentiale pentru dezvoltarea
stuntelor Pamantului.

Emil VESPREMEANU






Biogeomorfologia,
0 noua ramura in plin avant a geomorfologiei

E. VESPREMEANU, Daniela STRAT

Cuvinte-cheie: biogeomorfologie; interactiuni viefuitoare-relief. Key words: biogeomorphology, biota-—relief
interactions.

Brogeomorphology is the geomorphology’s branch that studies the interactions between relief and organisms and
the mechanisms by which these imeractions take place. From the beginning, the approach is interdisciplinary,
notions like geomorphology, botany, zoology and echology being applicd in close relashionships.
Biogeomorphology’s fields are phytogeomorphology and zoogeomorphology. To them, we can also add the appli-
anee of research priciples and techniques in the study of different types of relief: meadows, deltas, marine sea-
costs, mountains, hydrogpraphic basins.

The biogeomorphological processes are: bioweathering, biocrosion, bioconstruction and bioprotection.

The biogeomorphological applications are either scientific (quaternary paleoenvironment reconstruction, differ-
¢t geosystems functioning acknoledgement) or practical, like a certain region’s reconstruction or management.
The purpose of this paper is to present biogeomorphology's problems, little known in Romania, with hope that
the branch will better develope in the future. The esential references at the end of the paper are ment 1o ease the
first steps in any research activity initialized in this field.

Introducere

Cu radacmi mult mai vechi decit anii
"88-"90 in care s-a afirmat ca directie distinc-
ta de cercetare, biogeomorfologia este in pre-
zent o ramurd a geomorfologiei in plin avint,
Ca 1 geoarheologia, biogeomorfologia are
caracter multi- $1 interdisciplinar, integrind
rezultatele cercetarilor asupra reliefului cu
cele asupra speciilor, biocenozelor §i ecosis-
temelor.

Tradititle sunt impresionante. Bazele au fost
puse la inceputul secolului al XIX-lea de
Alex. von Humboldt in lucrarea in care anali-
zeaza corelatia intre relief si distributia
plantelor $i animalelor, deschizand astfel
calea abordarilor interdisciplinare in cerce-
tarea naturn {Alex. von Humboldt, 1807).

Mai tirziu, Ch. Darwin, un alt corifeu al
stiintei universale, abordeaza, atat in jurnalul
calatoriel sale in jurul Lumii (1845), cit si in
lucrarea sa fundamentala Originea speciilor
(1859), numercase aspecte ale influentei
transformatoare ale vietuitoarelor asupra
reliefului in general si asupra recifilor de
corali, In special.

Revista de geomorfologie nr. 6, 2004, p. 9-15

In cea de a doua jumatate a secolului al
XIX-lea au urmat numeroase studii, mai ales
de botanica, care trateazi despre influentele
vegetatiei asupra reliefului in ansamblu
(A.P.A. Candolle, 1874) sau asupra unor anu-
mite forme de relief (H.C. Cowles, 1899),.

Dupa 1900 cercetatorni de formatie biologi-
ca continud studiul interactiunilor dintre relief
si vietuitoare. In acelasi timp geomorfologii
intrd in scena efectuiind primele analize
asupra rolulm plantelor asupra evolutiei ver-
santelor 51 a reliefului in general.

Astfel apare conceptul de fiziografie eco-
logica (H.C. Cowles, 1901), care devine o
directie de cercetare continuata apoi cu ecolo-
gia peisajelor (landscape ecology).

Mai tarziu, F.E. Clements (1916) elaboreaza
si dezvolta teoria succesiunii fitocenozelor, in
care acorda o atentie deosebita stadiului de
climax considerat ca rezultat al tuturor proce-
selor geomorfologice si biologice care con-
duc la o stare de stabilitate indelungata atat la
nivelul reliefului c¢it si al fitocenozelor
lesirea din aceasta stare de stabilitate poate fi
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determinatd de procesele care afecteaza fie
unul din componente, vegetatia sau relieful,
fie ambele.

Dintre geomorfologi remarcam rezultatele
lui G.K. Gilbert (1909, p. 344-350), care
analizeaza detaliat structura si functionarea
versantelor montane sub controlul vegetatiel
subliniind influenta hotaritoare a acesteia in
desfasurarea proceselor de eroziune fluviatila
sau de creep. De asemenea, un rol deosebit in
fundamentarea biogemorfologiei si in
cresterea interesului fata de aceasta l-a avut
W.M. Davis (1899, 1909) prin numeroasele
observatii §i comentarii asupra relatiel dintre
relief si vietuitoare.

In perioada care a urmat pana la sfirsitul
celui de al doilea razboi mondial se dezvolta
geobotanica (H.A. Gleson, 1917; FE.
Clements, 1936), ecologia peisajelor (land-
scape ecology) si geoecologia (C. Troll,
1939), fundamentindu-se¢ un nou mod de
abordare terdisciplinar care va conduce la
biogeomorfologie.

Anul 1960 este marcat de aparitia unei
lucriri esentiale in fundamentarea biogeo-
morfologiei: ,,Geomorphology and Forest
Ecology of a Mountain Region in the Central
Appalachians” rezultati din cercetirile a doi
geomorfologi de la Universitatea Harvard,
J.T. Hack §i J.C. Goodlett. Autorii pornesc de
la 0 analiza geomorfologica detaliati a vailor
s1 versantelor, a litologiei si structurii, a for-
matiunilor superficiale s1 a vegetatiel,
insistand asupra interelatiilor complexe dintre
forme, procese si vegetatie. Acest studiu a
devenit repede un adevarat model de abor-
dare a interconditionarilor dintre vietuitoare
s1 relief (W.R. Osterkamp et al., 1995; W.R.
Osterkamp, J.M. Friedman, 1997).

Termenul s1 conceptul de biogemorfologie
a fost lansat de H.A. Viles in anul 1988, in
lucrarea devenita clasica: Biogeomorphology,
365 pagini, care reprezinta primul moment de
sinteza.

Al doilea moment de sintezd nu a intirziat
sa apar, fiind reprezentat de lucrarea lui J.B.
Thomes (1990): ,,Vegetation and erosion”, un
volum impresionant de 518 pagini.

Al treilea moment important este reprezen-

tat de workshop-ul Societitii Regale de
Geografie din Marea Britanie desfasurata la
Plymouth in ianuarie 2001, a cdrei tematici
era axati exclusiv pe problemele biogeomior-
fologiei.

Toate aceste realizdri consacrd bio-
geomorfologia ca domeniu distinet cu prin-
cipii, metode si tehnici specifice, in multe
scoli geografice sau geologice devenmind una
dintre preocupirile dominante. Astfel in
Olanda, la Universitatea Tehnica din Delft, a
fost lansati pe internet ceea ce s-a numit
.Biogeomorphology Platform”, care a
devenit, incepind cu 08.12.2003 prima plat-
formad de discutii, continuata in
21-22.04.2004. Principalele teme au fost:
(1) biogeomorfologia coastelor §i estuarelor;
(2) biogeomorfologia raurilor cu privire spe-
ciald asupra interactiunilor dinamice intre
imterventiile umane, vegetatie §i scurgere §1
(3) potentialul biogeomorfologiei in coope-
rare 51 educatie.

In zilele noastre se observd tendinta
aparitiel unor subdomenii ale biogeomor-
fologiei dedicate studiului de detaliu al pro-
blemelor pe tipuri de relief: versanti, lunci,
delte etc., ultima sintezd realizatd de M.].
Baptist (2005) fiind un exemplu in acest sens.

In incercarea de reconciliere intre masurile
de amenajare hidrotehnica si valorile ecolo-
gice cercetarorii olandezi de la Delft
Hydraulics introduc, in anul 2002, conceptul
de eco-inginerie care a prins repede, de-
venind in zilele noastre o directie de instruire
a viitorilor ingineri hidrotehnicieni. Accentul
se pune pe intelegerea rolului vietuitoarelor
si asociatiilor acestora (biocenoze si ecosis-
teme) asupra reducerii eroziuni, stabilizari
sedimentelor, reducerea turbiditatii, recon-
structia regiunilor umede.

In acelasi timp, in Statele Unite ale
Americii, apar preocupari similare pentru
studiul integrat al scurgerii si transportului de
sedimente i ecosisteme. Specialistii ameri-
cani considera ca directia eco-inginereasca
poate fi utila numai in instruirea hidrotehni-
cienilor, neputind fi substituita biogeomor-
fologiei (W.R. Osterkamp, J.M. Friedman,



1997).

In Romania se observa, inca de la inceputul
secolului XX, explicarea unor procese flu-
viale si litorale pe baza rolului, considerat
esential, jucat de vietuitoare (Gr. Antipa,
1912, 1914; Gh. Barca, 1947). In lucrarea sa
fundamentala, Terra, S. Mehedint (1931)
prezintd in mai multe capitole date privind
rolul vietuitoarelor in determinarea unor pro-
cese geomorfologice,

Mai recent N. Botnariuc si S. Beldescu
(1961), in studiul asupra complexului de balti
Crapina-Jijila; mentioneaza rolul esential al
faunei de moluste in configurarea unei anumite
morfologii a fundului baltii Crapina: ... pis-
curile si grindurile adiacente sunt formate in
cea mai mare parte din melcis mdruntit de va-
luri, transformat in nisip fin, la care, incetul cu
incetul se adaugd si detritus vegetal 5i ceva
alwviuni aduse de ape.” (p. 175).

Mentionam §i preocuparile noastre asupra
explicarii proceselor morfogenetice de la
gurile Sfantu Gheorghe si Chilia, mai ales in
legatura cu rolul vegetatiei in extinderea del-
telor secundare prin extinderea si juxta-
punerea fultanelor (E. Vespremeanu, 1980;
1983), precum si interconditiondrile dintre
relieful deltaic si vegetatie (E. Vespremeanu,
2004).

Numeroase alte lucrir ale geomorfologilor
romani cuprind observatii generale despre
influenta vegetatiei asupra reliefului, fara a
avea pretentia ca realizeaza abordan biogeo-
morfologice,

Ce este biogeomorfologia?

Conform unei definitii unanim acceptate in
prezent: "Biogeomorfologia este ramura geo-
morfologiel care se ocupd cu studiul inter-
acfiunilor dintre relief si organisme” (H.A.
Viles, 1988, 1990; I.B. Thomes, 1990; TU-
Delft, 2002; M.J. Baptist, 2005, p. 2-3), Este
evident ca vietuitoarele, specii si biocenoze,
sa controleze relieful pe care il populeaza.
Scopul biogeomorfologiei consta in studiul
mecanismelor prin care se realizeazd acest
control. Din start abordarea este interdiscipli-
nard, nofiunile din geomorfologie, botanici,
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zoologie si ecologie fiind integrate §1 aplicate
in strinsa corelatie reciproca. Este vorba de
un demers complex in care are loc integrarea
reciprocd a conceptelor, metodologier 1 teh-
nicilor de cercetare, ceea c¢e impune
specialistului o pregatire aprofundata in toate
domeniile aflate in contact,

Subdomeniile biogeomorfologiei

In prezent se observa desprinderea din
trunchiul comun al biogeomorfologei a doud
directii mai mult sau mai putin specializate;
fitogeomorfologia si zoogeomorfologia.

Fitogeomorfologia este domeniul biogeo-
morfologiel care se ocupa cu studiul refatilor
dintre relief si fitocenoze. Termenul de fitoge-
omorfologie a fost validat de J.A. Howard si
C.W. Mitchel (1985), pa baza analizei unu
volum mare de date privind raporturile
stranse dintre padure si versant, dintre vege-
tatia ripariana si relieful luncilor etc.

Zoogeomorfologia a aparut ceva mai tarz-
iu, termenul fiind consacrat de D.R. Butler
(1995), in scopul diferentierii cimpului de
cercetare in care se analizeaza speciile si aso-
ciatiile de animale ca agenti geomorfologici,

Alte directii de specializare se inregistreaza
in aplicarea principiilor §1 metodelor biogeo-
morfologiei la studiul anumitor forme de
relief; lunci, litoraluri, delte, versante, bazine
hidrografice montane etc.

Procesele biogeomorfologice

Principalele procese biogeomorfologice
sunt; biometeorizatia, bioeroziunea, biocon-
structia, bioprotectia.

Biometeorizatia este procesul de favorizare
sau de franare a meteorizatiei de catre plante.
Aici identificdm trei procese distincte: (i) pe-
netratia radacinilor plantelor superioare in
fisurile rocelor cu fragmentarea blocurilor
si ulterior cu desprinderea lor din versant
(1) atacul cianobacteritlor si altor bacterii
asupra cristalor de calcit cu formarea de ori-
ficii mici care se vor extinde treptat si vor
favoriza meteorizatia granulara (H. Viles,
1995); (1ii) protectia suprafetei rocei prin dez-
voltarea unui strat de licheni care frineazi
eficient penetratia agentilor externi generatori
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de meteorizatie.

Bioeroziunea este procesul de eroziune favo-
rizat de activitatea vietuitoarelor. Exemplul cel
mal cunoscut sunt legat de rolul deplasarii
turmelor de amimale domestice sau salbatice
pe versante, cu formarea potecilor de vite si
dezvoltarea eroziunii. Alt exemplu, mai putin
cunoscut, se referd la activitatea gastelor sal-
batice s1 lebedelor care consuma plantele de
pe tarmurile lagunelor si din lunci favorizind
eroziunea subsecventa in regiunile respective
(L.A. Naylor al., 2002).

Bioconstructia se refera la procesul de pro-
ducere a materiei organice care s poate acu-
mula generind forme de relief (cazul recifelor
de corali), poate forma straturi cu diferite gro-
simi care protejeaza relieful (cazul acu-
muldrilor masive de cochilii pe tarmurile
marine), poate favoriza esential geneza unor
ostroave prin dezvoltarea fultanelor, sau poate
contribui la acumularea si cimentarea restu-
rilor organice cu formarea unor microforme
de relief mai ales in regiunile de lunei, in
delte sau pe tarmuri.

Bioprotectia este procesul prin care bio-
cenozele si ecosistemele protejeaza formele
de relief importriva eroziunii sau proceselor
gravitationale. Exemplul unui versant sub-
carpatic este concludent (E. Vespremeanu,
1981). Aceste versante au evoluat impreuna
cu padurile de foloase ajungandu-se la un sta-
diu reciproc de echilibru: versantele au profil
convex-concav echilibrat jar padurea se afi in
stadiul de climax. in lipsa interventiilor
antropice acest echilibru, specific inceputului
secolulmm al XIX-lea, s-ar fi pastrat timp
indelungat. Numai o schimbare drastica a
climei care ar fi produs degradarea si dispari-
tia padurin ar fi putut rupe acest echilibru.
Primele actiuni de defrisare intreprinse de
populatiile locale in prima jumatate a secolu-
lui al XIX-lea au condus imediat la aparitia si
dezvoltarea alunecarilor de teren $1 torentilor.

Alte forme de bioprotectie se refera la dezvol-
tarea unor straturi protectoare de plante infe-
rioare sau superioare care au rol important de
protectie prin franarea proceselor de meteo-
rizatie, de eroziune, gravitationale sau mixte.

Aplicatiile biogeomorfologiei

Rezultatele cercetarilor biogemorfologice
se aplica in cele mai diverse domenii fie din
campul strict stiintific cu dezvoltarea cunoas-
terii, fie din domeniul practic al protectiei §i
managenetului mediului.

Un prim domeniu in care rezultatele biogeo-
morfologiei se aplica cu succes este cel al
reconstructici paleomediului cuaternar de
modelare prin tehnici lichenometrice, dendro-
cronologice si paleoecologice (L.A. Naylor et
al., 2002). Biogeomorfologia contribuie efi-
cient §i la cunoasterea succesiunilor formelor
de relief 51 asociatilor de vietuitoare.

Este bine cunoscut interesul acordat in
prezent protectiel, reconstructiel §i manage-
mentului regiunilor umede (wetlands). in
acelasi timp se recunoaste ¢i fard o abordare
biogeomorfologicd complexa nu poate fi vor-
ba de solutionarea corecta si durabila a pro-
blemelor dificile pe care le ridica proiectarea
unui management integrat al regiunilor ume-
de indiferent de tipul acestora: lunci, delte,
litoraluri, mlastini etc. (M.J. Baptist et. al.,
2004; M.). Baptist, 2005). Aceasta s¢ reali-
zeaza prin integrarea mai multor modele sec-
toriale intr-un model unic. Astfel, in cazul
unei lunci de mari dimensiuni, se executi
intdi modelele sectoriale (modelul hidraulic,
modelul sedimentarn, al vegetatiei, al utiliza-
rii terenurilor) si apoi modelul schimbarii ci-
clice a luncii respective pe baza ciruie se pro-
iecteazi activitatea de management.

Toate aceste activititi compexe de cerceta-
re-proiectare-implementare se bazeazi pe cu-
nostintele s1 modul de gandire esentialmente
biogeomorfologice si ingineresti.
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Geomorphologic evolution through cataclinal processes

I. MAC, Marta HOSU

Key words: cataclinal, gravitational, integrative theory, clinotropy.

When researching the relief, the term cataclinal is sometimes used, in the sense of processes and forms which
appear on the front of the strata in a monoclingl structure (¢ataclinal valleys, for example). Different than this
reductionist approach, in the presented paper the notion of cataclinal (from the Greek words . kata” and . klinos”™)
is endowed with more larger meanings. All the processes acting on a . dislevelement”, no matter their origin or
their geological structure, are cataclinal. Those processes operate through various mechanisms (extension, sub-
stitution, slide motion, dissolution, evoersion ete.) which direct the force vectors into clinotropic sense. In other
respect, the mobilizable materials are put into motion descendently on the slope under the gravitation foree, notic-
ing that we deal with another matenal and energetic vectorial sense, of gravitropic essence. The clinotropic and
the gravitropic processes act as waves of aggressivity, materialized as points of insertion” within the preexistent
or autocreated dislevelements. In essence, the cataclinagl and grovitational processes operate in a singenctic and
sinergetic way, fact which lead us toward a unitary theory of the dislevelements modelling, the theory of
clinotropy. This theory stipulates that, even if the implied forces are antagonistic (for example way of resistance,
motion or readjust), they do not exclude each other, but, on the contrary, acting in contrariety, they work togeth-

er, which means determined co-operation.

1. Semantic and gnoseologic significations

From the etymologic point of view, catacli-
nal, deriving from the Greek word Kkata,
means or implies action, force, so energy
directed against the slope (klinos). It 15 not
about the origin of the dislevelement or of its
inclining level, but about the energy,
expressed by a concrete form of action and
directed toward the aggradation of that
dislevelment (abrupt, or correlation plan).
Considering thoroughly the analysis we can
notice that the original mentioned word gave
birth to many meanings, a lot of term uses
appearing through semantic derivations, from
the field of natural sciences (physics, chem-
1stry, geology, geography, biology) to that of
humanities, reaching even philosophical gen-
eralizations. But we shouldn’t stop to the sim-
phistic aspect of the interpretation as we usu-
ally do, because beyvond the “immediate
offer”, the beauty of the profound thought can
hide, often difficult to be found out. In this
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way, the root of understanding the world as
being animated by the two opponent forces
yin and yang (strong and weak) (Chuang Tzu,
cap. 25, cited by Mac, L., 2002), germinated
into a very comprchensive polisemantic
thought. Everything i1s but reduced to the
acceptation according to which the existence
of things and forces in a certain state is the
product of the fight between opposites, which
do not exclude each other, but, on the con-
trary, they assume each other.

The Antagonism has axiomatic value, stipu-
lating that the energy cannot be possible, or at
least cannot be noticed by us, without the
mherent confrontations it implies. In this way,
kata-klinos represents the expression of the
fight between the resistance forces, induced in
the geographical field as discontinuitics by
various hard factors (tectonical, petrographi-
cal, denudational, man-made), and the need of
annihilating the dislevelments by energies
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Fig. 1. Terminology in the monoclinal relief of cuesta type. according to the new approach of the theory of

chnotropy:
A. The cuesta: F -

front, K — reverse, 5 — structural surface,

. The valleys: s — subsequent, ¢ — consequenl, co — cataclinal obsequent, ¢c — cataclinal consequent,

directed exactly to them (Brunsden, D., 2001).

In the Hegelian logic “light”, the case taken
into discussion presumes a triple plan of the
antagonism application and of the dissymme-
try manifestation, as follows:

* The dissymmetry between the horizontal
plan and the vertical ones;

* The dissymmetry of the forces regarded as
ascendant (abrupt) and descendent (cataclines);

* The dissymmetry of the substance in its
evolution, in the sense that any dislevelement
will successively deny itself by its own way
of directing the forces involved in its evolu-
tion and transtormations.

We accept here, from the dynamic logic of
the contradictory of Stephan¢ Lupasco (1982),
that contrariness does not mean contradiction,
but determined co-operation. From here will
also derive the “catenation” concept, which
implies synergic concatenations in a holonic
arrangement, meaning facts, elements origi-
nating from one another and which do not
exclude each other, but on the contrary, they
assume each other with the purpose of giving
birth to systemic wholes (Mac, 1., 1993).

2. Geomorphologic Particularities

In the case of geomorphology, by tradition, a
reductionist logic was installed as regarding
the cataclinal process.

By relating the form of the linear erosion
and especially the processes it implies (rivers,
torrents etc.) with the inclination of the strata,
the three well-known types of valleys were
delimited: subseguent - directed perpendicu-
lar to the strata inclination, conseguent — in
accordance with the strata inclining and obse-
guent — contrary to the direction of inclina-
tion. The typical landform that results is
the cuesta. It belongs to the morphostruc-
tural associations, its genesis being con-
trolled by passive factors (rock, structure)
and active factors (climate, hydrographic
system ete.) (Fig. 1).

The geometry of the cuesta is defined by lin-
ear clements (discontinuities, edges, mtersec-
tions of planes); surface elements: front
(straight, concave, convex, in steps. com-
bined); reverse, also met in various configura-
tions (smooth, in steps, waved ctc.), angular
elements (right angles, sharp, simple, multiple
etc.). If the surfaces allow fields of action for
various linear and areal processes, the other
elements act as regulation factors having the
function of transfer, extinction and intersection
thresholds. Thus, the cuesta, in its whole, 15 a
landform with entropic evolution; its entire
dynamics is oriented toward the extinction of
its geomorphic potential, Even 1f in its first
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phases the shape profile appears in its pleni-
tude on the base of the deepening subsequent
valleys which leads to a altitudinal detachment
between the planes of vertical framing and
increases the vertical equidistance of the front,
subsequently, the modeling process 1s directed
toward the installation of reggresivity. The
above mentioned facts lead to the fundamental
idea according to which the cuesta relief is the
expression of two antagonical directions, an
ascendant one, when the geometry of the shape
appears and a geomorphic potential is sized,
and a descendent one, when the geomorphic
potential previously created is “consumed” by
“kata"- geographical processes. The cuesta
dimension and its stage of evolution will
express the geomorphic sensitivity. The spatial
arrangement of the cuestas in a cenain type of
landscape may also be interpreted as a
response of the modeling systems 1o variables
of control (rock. structure, climate etc.) and
state (duration).

The reductionist aspect of the geomorpho-
logic approaches is ebvious especially in the
case of the cuestas, because the there are con-
sidered as cataclinal only those processes,
which act on the front of the cuesta, therefore
contrary to the strata inclination. A lot of
questions arise in this regard, but we will stop
to one of them: the torrent going ahead by
regressive erosion from the base of the cuesta
reverse (the monocline flank) toward the
superior plane (the interfluves) is or s not a
cataclinal mechanism? Within the large
acceptance we give to the cataclinal meaning,
the answer is, of course, “yes™ (Fig. 1).

3. The Extensive Acceptance

No matter i what way the discontinuities
appear in the geomorphologic landscape.
the process of counteracting them in the sys-
tems evolution should be synthesized in an
unitary concept which should constitute a
“coagulated” theory on the cataclinal trans-
formations.

The petrographic, structural, morphologic
ete. fronts, no matter their location, become

field of action for the cataclinal actions, The
processes through which the modeling takes
place are extremely numerous. From the sheet
denudation, sheet-flood, gully crosion, tor-
rentiality to the material mass movements and
further to the erosion at the base of the water-
falls or taffoni etc., all these join together and
form a large spectrum within which various
mechanisms also act (extension, substitution,
crioclastism, slide motion, vorticity, dissolu-
tion, evorsion etc.).

Persevering in the thinking of the contradic-
tory dynamics, we can’t resume by approach-
ing only the cataclinal processes, a reconsid-
eration of what geomorphology intended by
gravitational processes being compulsory.
Thus, cataclinal and gravitational constitute
the contrariety in a modeling svstem in
which, the materials prepared by the catacli-
nal processes, after some transformations,
become outputs which will be redeposit under
various forms and will become diluvia, collu-
viums, alluvia, giving birth in this way to new
landforms as: deposition cones, glacises, allu-
vial beds etc. According as the cataclinal
processes feed the system with materials, the
gravitational ones takes the function of evac-
uation, so that new fresh surfaces increase the
geomorphic modeling continuity through the
same dialectics (Fig. 2).

Arriving at the point when the clinetrope
materials surpass the capacity, and respective-
ly, the gravitational evacuation ability, a
morph genetic balance is reached, and the
system (of the slope, torrent or river) tends to
a stationary equilibrium which could be
expressed by the “07 value of the geomorphic
balance. The former landforms enter a
“sleepy’ state, new energetic manifestations
and the dynamics restarting being possible on
other “floors” or other directions.

It is erystal clear that, in the case of the
slope for example, its systems continue 1o
exist just because the contradiction between
clinotropy and gravitropy exist (equiplane
and gravitational homogenization). The ener-
getic dynamism of the slope should comprise
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Fig. 2. The synergic action of the cataclinal (CP) and gravitational (GP) processes on a petrographic
front (PF) and on a fault front (FF). At the slope base accumulations of detritus deposits (DD).

both the contradictory and the homogeniza-
tion forces. The slope profile, in the diversity
or restrictivity of its morphological and func-
tional units (Fig. 3 a, b, ¢) can be thus consid-
ered as the expression of the fight between
climotropy and gravitropy.

The theory of clinotropy, based on the cata-
clinal processes and on the catenic correla-
tions, may be included in what the contempo-
rary geomorphic thinking consider as the
concept of the sin-geomorphologic develop-
ment. It is absolutely compulsory that the
whole matter to be evaluated from the peint
of view of the time and space dimension of

the aggressivity waves which are materialized
as morphologic toposequences, meaning ero-
sion levels under the form of morphologic
and functional slope units. In an extremely
clementary way, an isolated hill appears as an
ensemble of “neuralgic” insertions (stroke
pomnts and actions), that is nucleons, which
will further develop into the “origin” of the
geomorphologic transformations planes. Joint
in an unitary co-operation, the cataclinal and
gravitational forces and processes compose a
clinotropic motion of down slope wearing
form, which vary depending on the climate,
litology and structure.
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Fig. 3. a. Morphological units of the slope: 3 — abmpt, b — two units, ¢ — three unils, d — four unils

b. The elements of the slope according to L. King conception (1953): A — waxing slope, B — free face,
C — debris slope, D — waning slape,

€. Slopes terminology (according to Young, 1964),
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Consideratii asupra rolului geomorfologiei aplicate
in planificarea teritoriului

Maria RADOANE. Nicolae RADOANE

Cuvinte-cheie: geomorfologie aplicati, obiective, planificarea teritoriului, politia mediului

On the role of the applied geomorphology in the territorial planning. Applied geomorphology may be defined
as the application of geomorphic understanding to the analysis and solution of problems concerning land occupan-
c¥, resources exploitation, environmental management and planing. Applications of geomorphology can be divi-
ded broadly into two classes: 1) Man as a geomorphic agent, in terms of his inadvertent and plannned effects on
geomorphic processes and forms; 2) Geomorphology as an aid 1o resource evaluation, engineering construetion
and planning. Objectives of applied geomorphology are: the identification of landforms, the description, the expla-
nation of their origin, the poswdiction and prediction of change. For each objectif more examples are discussed.

«~Cercetarea ta sd aducd omenirii folease economice, sociale si enlturale™

Ca si In cazul altor stiinte, dezvoltarea si pro-
gresele cunoasterii in geomorfologie, precum
$i unele necesitati impuse de evolutia civiliza-
tiei, au determinat o permanenta aprofundare,
uncori pe domenii extrem de inguste, a abor-
darii fenomenelor referitoare la relief. Aceas-
ta a condus la individualizarea unor directii de
stiinta, astfel incat, in momentul de fata, fari
nici o exagerare, putem spune ¢i geomorfolo-
gia a devemit un sistem de stiinte, derivat din-
tr-0 structurare fireascii a cunoasterii reliefu-
lut. Geomorfologia aplicatd reprezinta acel
domeniu al geomorfologiei care, prin elabo-
rarea unor predictii cu privire la dinamica
relicfului, prin prezentarea potentialului
geomorfoelogic al unui teritoriu dat — de la
clementele de geometrie ale reliefului pana
la cele de stabilitate 51 hazard in aparitia si
dezvoltarea unor procese — se implica in
rezolvarea unor situatil social-economice.
Este o ramura consacratd de scoala de la
Strasbourg (creata de Jean Tricart), Realita-
tea este cd in mai toate {arile lumii in care
geomorfologia a cunoscut ¢ emancipare
dupa al 1l-lea rizboi mondial, o asemenea
ramura s-a impus prin natura lucrurilor,

Revista de geomorfologie nr 6, 2004, p. 23-36

Mario Bunge, 1984

Se cuvine insd o precizare ce trebuie bine
sublimata, si anume: nu putini dintre cei care
vin sub incidenta necesititii de a implica
geomorfologia in solutionarea problemelor
mentionate in definitia obiectului geomorfo-
logier aplicate reduc evaluarea factorului re-
lief la descrierea geometriei lui. Or, aceasta
este sarcina topografiei, de care geomorfolo-
gia se distinge ca stiinta aplicativa si geneti-
¢i a formelor de relief, in timp ce topografia
se limiteazd la descrierea pur geometrici,
respectiv, la relevanta cu exactitate a fiziono-
miei terenului i elementele sau obiectivele
de pe el: paduri, rauri, drumuri, constructii de
altd naturd s.a. Fireste, toatd aceasti bazi to-
pograficd este foarte necesara, dar nu supli-
negte partea explicativa §i genetica, partea de
cunoastere a dinamicii formelor de relief
Doar evenimentele deosebite, de multe ori
denumite catastrofice, i-au pus pe practicienii
la care ne-am referit in situatia de a conside-
ra cd relieful nu este numai topografie. In
consecintd, geomorfologia si-a castigat statu-
tul de disciplina aplicativi, toemai prin ca-
racteristicile genetic si istorist intrinsece in
explicarea reliefului, deci prin posibilitatile
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de postdictie s1 predictic, prin posibilitatile de
a evalua relieful ca un factor dinamic si con-
Junctural din multe puncte de vedere.

Cercetanle de geomorfologie aplicata se re-
gasesc in cadrul a doud principale domenii de
preocupare:

« Omul ca agent geomorfologic in termenii
prezentei lui inerente in mediul inconjuritor
si al efectelor proiectate asupra formelor si
proceselor geomorfologice prin actiunca de
integrare in mediul natural.

» Geomorfologia in sprijinul evaludrii resur-
selor, al ingineriei amenajarilor $1 planificarii.

(1) Efectele accidentale ale activitatii geo-
morfologice ale omului includ aspecte ca: mo-
dificarea terenurilor prin lucriiri de inginerie,
minerit, excavatii s1 terasamente; subsidenta
datoritd extragerii apei 1 petrolului; drenajul
minelor; potentarea eroziunii terenurilor prin
schimbarea covorului vegetal; desertificare
prin dezvoltarea agriculturii intensive; creste-
rea ratel meteorizatiel datorita intensificarii
poludni; accentuarea dinamicii proceselor de
migcare in masa prin dezvoltarea agriculturii
intensive; accentuarea dinamicii proceselor
de migcare in masa datoritad cedarii versanti-
lor ca urmare a activititii ingineresti; efecte
asupra geometriel hidraulice si debitului solid
prin amenajari de baraje $i alte lucrari hidro-
tehnice pe albie; eroziunea si depunerea lito-
rald indusd de lucrarile portuare si amenajare
a tarmurilor; modificarea permafrostului
datorita constructiilor (drumuri, clidiri, plat-
forme, conducte de transport etc.).

Efectele planificate, dirijate sau controlate
rezultd din toate modalitatile de interventie in-
ginereasca pentru protectia si controlul stabili-
tatii formelor de relief sau stabilitatii dinamice
a unor procese, cum ar fi: protectia tarmurilor
portuare; fixarea dunelor; folosirea vegetatiei
pentru controlul eroziunii; controlul inundatii-
lor; atenuarea unor efecte ale catastrofelor natu-
rale ¢a in cazul eruptiilor vulcanice, cutremure,
tsunan i huricane; controlul proprietiatilor fi-
zico - mecanice ale unor roci §i materiale de
la suprafata scoartei (de exemplu, rezistenta
la rupere s1 cedare, infiltratie, inghet); canah-

zarea si stabilizarea albiilor de rau, terasarca
versantifor $i contrelul drenajului etc.

(2) In ceea ce priveste evaluarea resurselor
$i aspectele economice sau de proiectare, ro-
Iul geomorfologiel aplicate rezulta intrinsec
din relatiile reliefului in raport de celelalie
componente majore ale medlui. Acest rol
este de mare importanta in inventarul resurse-
lor de sol. hidrologice, controlul stabilitatii si
eroziunil, clasificarea §1 tipizarea terenurilor
in raport cu anumite folosinte civile sau mili-
tare, toate acestea prin folosirea hartilor pentru
regiuni mai putin accesibile. De asemenea,
prospectiunile geologice pentru o regiune, cel
putin in faza primara, se sprijina pe cunoaste-
rea raporturilor relief — structurd, relief — li-
tologie s.a.

1. Afirmarea geomorfologiei aplicate
ca stiinta

Potrivit specialistilor in filozofia stiintelor,
o stiintd incepe din momentul cind ea este
perceputd si acceptatd ca atare public, evi-
dent, public in sensul de lumea camenilor de
stiinta. In acest sens, geomorfologia se poate
considera ca a fost identificata ca un domeniu
distinct in 1891 la Congresul de Geologie din
SUA. Fireste, nu putem spune ca geomorfolo-
gia aplicata este de data mai veche, dar tot la
fel, nu putem nega faptul ca preocupiiri de a
aprecia si, chiar, evalua rolul reliefului in con-
textul intereselor omului dateaza de foarte
mult timp. Profesorul Tricart (1962) merge
pand acolo, incit spune c¢a ,geomorfologia
aplicatd a apdrut ciand omul gi-a dat seama de

Sfaptul cd religful este un element esential al

medindui in care traieste, dar cd el nu este
imuabil ¢i, dimpotrivd, supus unei lente evolu-
tii, iar de la un timp la altul, unele paroxisme
se exprimd prin manifestari catastrofice:
inundatii, erupfii valcanice, mari deplasari de
teren §.a.*". Din afirmatiile lui Tricart, putem
retine interesul timpuriu pentru cunoasterca
reliefulul, tocmai datorita rolului ce revine
acestuia in arhitectura 1 dinamica mediu-
lui; dar despre o geomorfologic aplicata ca
stiinta in sensul propriu al definitici nu poate
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fi vorba. Si apoi, pentru dinamica reliefului
nu sunt importante doar fenomenele paroxis-
tice cu efecte catastrofice, ci si procesele care
se desfisoard lent, de a ciror consecinte omul
s1-a dat seama mult mat tirziu, ca de exemplu,
creepul, eroziunea solului, care se anunta a f
una dintre cele mai dramatice crize ale ome-
nirit (din estimarile Institutului Worldwatch,
se apreciaza ca in cca 150 ani se epuizeazi re-
zervele de sol fertil cu o rata anuald de epui-
zare de 23%). Desigur, nu putem ignora preo-
cuparile foarte timpuri ale omului de a folosi
adecvat conditiile $1 fenomenele legate de re-
lief, 1ar civilizatille antice, egipteand, meso-
potamiand, incasd care foloseau irigatiile, de-
secirile, constructiile de baraje, apeducte,
constructiile de drumuri s.a. sunt o ilustrare
clara. .Egiptul este un dar al Nilului”, spunea
Herodot, dar aceasta nu se leaga de inundatii-
le naturale, cand din apele Nilului se depu-
neau ndmoluri ce fertilizau solul campiei, ¢
de producerea revirsarilor de citre om cu aju-
torul unor canale secundare s.a. Rezulta clar
¢d anticii aveau cunostinte despre relief,
despre fenomenele de curgere s.a., fara ca ele
sd 1asd din campul empirismului. Daca facem
exceptie de observatiile luir Leonardo da Vinci
asupra raului $i cidmpiei Padului, observatii
despre care s-a aflat in secolul al XIX-lea, cea
mai mare parte a specialistilor sunt de acord
¢d mijlocul secolului al XIX-lea este momen-
tul cand stiintele naturii au inceput sa aplice
codificarile, clasificiirile si observatiile siste-
matice marcheaza semnele reale ale capaciti-
tilor de aplicare a cunostintelor despre relief.
Atunci s-au remarcat preocupari de amploare
pentru constructil ¢ce necesitau cunostinte de-
spre relief (constructii de baraje, drumuri,
porturi, orase etc.). Existd, de exemplu, lu-
crari care atestd ca M. de Lamblurdie (1782).
un inginer dintr-un port normand, a pus sa ve-
rifice starea portului pentru a nu fi blocat de
cordoanele de pietrisuri si a elaborat un stu-
diu, Memoire sur Haute Normandie, in care
a demonstrat efectul retragerii falezei din ca-
uza acestor pictrisuri si rolul ,derivei” in
lungul tarmului datorita furtunilor. Este o lu-
crare din domeniul geomorfologier aplicate.

Secolul al X1X-lea, cu deosebire a doua par-
te a acestuia, cste definitorin in afirmarca
preocuparilor de geomorfologie aplicata, dar
cel care o fac, fiara a o denumi, sunt inginerii
de drumuri si poduri. silvicultorii, hidroteh-
nicienii, cu alte cuvinte, amenajistii. De
exemplu, cu lucrarea Asupra torentilor din
Alpi s-au introdus tipurile de amenajari care
si astizi se folosese in controlul eroziunii $i
stabilitatii: gabioancle. fascinele, gardurile
de grinzi subterane ete.

In acelasi timp s-a afirmat ideea despre ro-
lul protector al padurii $1 rolului nefast al ex-
ploatari terenurilor prin amplificarea eroziu-
nil acestora. Se poate spune ca geomorfologia
aplicata s-a facut distineta la sfirsitul secolu-
lui al XIX-lea, concomitent cu geomorfologia
generald, Din pacate, ele au mers mult timp in
paralel, ignorindu-se. Abia dupi al doiles
rizbor mondial 51, in mod deosebit, dupa afir-
marea teoriel echilibrului dinamic in geomor-
fologie s1 a altor concepte, cum ar fi cel de
prag, raspuns complex, marime s frecventa
etc. s¢ poate spune ca geomorfologia aplicata
a devenit un domeniu deplin acceptat de citre
practicieni.

Astizi, in toate tarile civilizate proiectele de
amenajare prevad structuri speciale care revin
in exclusivitate geomorfologiei aplicate. S-a
produs o adevarata explozie de literatura de
specialitate, ramuri stiintifice de profil, labo-
ratoare. Nu intimplator, pe plan mondial, as-
tdzi se vorbeste chiar de o disciplina ingine-
reascd noua — , geomorfologia inginereasci®
— o stiinta cu caracter interdisciplinar, preda-
ta in invatamantul politehnic (de exemplu, la
universititile politehnice din Marea Britanie
st Japonia). Incepand din anul 1956, pe langa
Uniunea Internationala de Geografie a luat fi-
intda Comisia de geomorfologie aplicatd:; as-
tazi aceasta functioneazd ca subcomisic a
geograliei aplicate, care coordoneaza activita-
tea din acest domeniu pe plan mondial.

L.a not in tard, preocupirile au fost, de ase-
menea, timpurii, daca avem in vedere unele
amenajiri ce presupun cunostinte despre re-
lief, ca: lucrarile de amelioratii din Tara Bér-
sel ficute de teutoni in secolul al X1i-lea,
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amenajarea primelor jazuri din Moldova in
secolul al XV-lea, lucririle de ameliorare din
Campia Banatului incepute intre 1717 si
1756, canalul lui Ipsilanti in 1780 pentru a
feri capitala de inundatii (prin abaterea apelor
Dambovitei in Arges $1 Ciorogérla), regulari-
zarea Somesului (1847), amenajarea canalu-
lui Sulina (1856) ete. Din secolul al XIX-lea
apar si lucriri despre eroziunea si degradarea
terenurilor $i apartin agronomilor si silvicul-
torilor (de exemplu, Ion Ionescu de la Brad).
In ce priveste literatura stiintifici de geomor-
folgie aplicatd se remarci o preocupare foarte
activa in domeniile contributiei geomorfolo-
giel in sprijinul sistematizarii urbane si rurale
din diverse regiuni ale Roméniei (Martiniuc,
Bacauanu, 1964; 1969); a ameliorarii terenu-
rilor degradate (Tufescu, Motoc, 1969: Bal-
teanu, 1983; Surdeanu, 1998; Cioaci, Dinu,
1998; Radoane et al., 1999; Tonita, 2000), im-
portanta hirtilor geomorfologice in amenaja-
rea teritorinlui (Cotet, 1978; Schreiber, 1980;
Mac, 1986; Bilteanu et al., 1989: Grecu,
2002; Cioaca, Dinu, 2001) s.a.

Abordarea problematicii hazardelor geo-
morfologice s-a facut prin implicarea geo-
morfologiei aplicate si aici pot fi citate contri-
butiile geomorfologilor roméni in cadrul unor
conferinte internationale, precum, Conferinta

Carpato-Balcanica, 1998 (volum editat de
Balteanu, Ielenicz, Popescu) sau Grupul ro-
mino-italian de Geomorfologie, 2003 (volu-
mul Geomorphological sensitivity and system
response, editat de Castaldini et al., Cameri-
no, Italia) sau articole in volumele Riscuri §i
catastrofe, I, If (editate de Sorocovshi, 2002,
2003) Astfel se aratd ca o contributie practicd
a geomorfologiei, atat pentru perioade scurte
de timp, cit $1 pentru perioade lungi este iden-
tificarea stabilitatii formelor de teren sau gra-
dului lor de instabilitate si a situatiilor care
pot fi tratate ca hazarde geomorfologice.

1.2. Obiectivele geomorfologiei aplicate.
Din cele prezentate rezulta ca scopul geomor-
fologiei aplicate este vast; de aceea, este im-
portant sa alegem noi himitele domeniului,
ceea ce se face in functie de specificitatea si
dominanta unor fenomene ale regiunilor care
ne intereseazd. Un aspect comun insa perma-
nent a fi luat in consideratie rezulta din cea
mai generala definifie a geomorfologiei ca
stinta care identificd si descrie formele de re-
lief, explicd originea lor si predicteazd com-
portarea sau desfdsurarea witerioard. Deci
obiectivele geomorfologiei aplicate sunt:
identificare, descriere, explicare, predictie §i
postdictie.
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Fig. 2. Descrierea unei forme de relief cu ajutorul variabilelor morfometrice (Rideane, Radoane, 2003)

1.2.1. Identificarea. Reprezinta o simpla
evaluare cantitativa si calitativa care ne pune
in cunostintd cu elementele generale ale locu-
lui geemorfologic. De exemplu, un bazin hi-
drografic este, de departe, una din portiunile
cele mai bine organizate ale suprafetei uscatu-
lui, Limitele unui bazin hidrografic sunt clar
definite de linia cumpenei de ape. Ravena
este un exemplu de forma de relief care nu
prezinta dificultate pentru identificare, asa
cum este ilustrat in Fig. si Foto 1.

In schita de definire sunt specificate ele-
mentele componente ale unei ravenc: vdrfid
sau obdrsia ravener care, de cele mai multe
orl s¢ prezintd sub forma unui abrupt numit
rdpd de obdrsie (headcuwr), cu adancimi ce pot
depasi 20 m in terenuri de loess; muchia rave-
niei este lina care descrie conturul ravenei si
face contactul intre suprafata terenului in care
este adancitd ravena si taluz (malul ravenei);
malul ravenei reprezinti suprafata de teren cu
panta accentuata §i care face racordul intre
muchia ravenet s1 talvegul sau fundul ravenei;
fundul (talvegul) ravenei se prezinta ca o fa-
sie foarte ingustd care devine din ce in ce mai
lata spre gura ravenei si in functie de stadiul
de dezvoltare a ravenei. Prin talvegul ravenei
trece s1 axul acesteia, respectiv, linia de cea
mal marc energie; conul aluvial reprezinta o
zond de depuneri situata, de regula, la 1esirea
din ravena: in majoritatea cazurilor, inceputul
acester zone coincide cu gura ravenel §i cota
terenulul in acest punct,

Alte forme de relief sau complex de forme
de relief pot fi, de asemenea, identificate la o

multitudine de scari de manime: un profil de
versant sau o suprafatd de versant, un sector
de albie de rdu sau valea raului in intregime,
o alunecare de teren sau intreg profilul de ver-
sant, o cuestd sau un complex de interfluvii,
un masiv montan sau o unitate complexa de
relief montan s.a. De reguld, cercetarile de
geomorfologie aplicata au in vedere categori-
ile de microrelief si mezorelief, care fac
obiectul interesului direct al unei anume in-
terventil antropice si pot fi abordate pe baze
experimentale in teren, atit ca forma, dar mai
ales ca dinamica.

1.2.2. Descrierea. Descrierea se face in ter-
meni cantitativi, privind variabilele geomor-
fometrice sau ale parametrilor ce definesc un
proces (de eroziune, transport de aluviuni, de-
plasan de teren, eroziuni de maluri etc). De
exemplu, pentru unitatea geomorfologici
fundamentala care este un bazin hidrografic,
Chorley s1 Kennedy (1971) au selectat 17 va-
riabile geomorfometrice, iar Ichim er al.
(1986) au wdentificat cel putin 26 de variabile
geomorfometrice pe baza unei inverstigatii de
peste 100 bazine din Romania,

Pentru descrierea morfologiel sectiunii trans-
versale a albiei raului Barlad (Radoane, Ra-
doane, 2003) a fost nevoie de un fond de date
privind 30 de sectiuni de albie din care s-au
esantionat depozitele $i s-au facut mésuraton
morfometrice in lungul raului (Fig. 2, Foto. 1).
Variabilele morfometrice care ne-au ajutat sa
descriem fenomenul geomorfologic cercetat
sunt urmatoarele: distanta de la obarsie in
lungul raului Barlad, L, km; suprafata bazinu-
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lui hidrografic amonte de sectiunea de masu-
rare, Sb, km’; latimea albiei, B, m; adincimea
maximi, Hmax, m; adincimea medie, Hmed,
m; raza hidraulica, Rh, m; suprafata sectiunii
transversale, SS, mp; panta albiel, I, m/km;
suprafata sectiunii mal drept, AD, mp; supra-
fata sectiunii mal sting, AS, mp. Din fiecare
sectiune transversala s-au recoltat probe me-
dii, distinet, din patul albiei, din malul drept $i
din malul stang.

In laborator probele a fost supuse procedee-
lor standard de sfertuire, uscare, cantinre, si-
tare si obtinere a curbelor granulometrice. in
continuare au fost extrase diametrele caracte-
ristice, d5, d10, d16, d25, d50,d60, d75, d84,
d90, d95 pe baza cdrora s-au calculat indicii
statistici (Radoane et al., 1995), diametrul
mediu, d, asimetnia (5k) si kurtozisul (k) dis-
tributiilor granulometrice, procentul de nisip
(N), praf (P), argild (4) s1 parametrul M. Tot
astfel pot fi descrise si alte morfologii, pre-
cum un profil de versant, o alunecare de teren
¢tc., pe baza proprietatilor identificate.

1.2.3. Explicarea. Cel de al treilea obiectiv
al geomorfologiel este, in fapt, evaluarea ra-
porturilor cauza — efect in aparitia 1 dinami-
ca formelor s1 a proceselor de relief. De
exemplu, trebuie sd explicim de ce un riuy, in-
tr-un anumil sector meandreaza, iar in alt sec-
tor este impletit. De ce pe un versant se pro-
duce o aluneécare de teren 51 pe altul nu? Sau
de ce dintr-un bazin hidrografic se evacueaza
mai multe aluviuni decat din altul invecinat,
situat aproximativ in aceleasi conditii?

Raspunsul la aceste intrebari este dat pe
baza analizel tuturor legaturilor cauzale intre

Maria RADOANE, Nicolac RADOANE

Fig. 3. Relagia dimtre productia de aluviuni, Pa $i su-
prafaja bazinelor hidrografice, 5b, in condititle raunlor
st lacurilor din Podisul Moldovei 51 Campia Jijies (Ra-
doane, Radoane, 2002)

factorii de control, procesele geomorfologice
si formele de relief rezultate. Instrumentele de
analiza a acestor legituri cauzale sunt oferite
de stiinte mai mult sau mai putin invecinate
geomorfologiei, cum ar fi statistica matemati-
ci (Radoane et al., 1996).

Regresia limard este instrumentul aflat cel
mai la indemana pentru a identifica gradul $
intensitatea legaturilor dintre doud variabile,
din care una sa fie cauza si alta efect. De
exemplu, o relatie mult utilizata in construirea
bugetelor de aluviuni pentru bazine hidrogra-
fice este cea dintre productia de aluviuni Pa
(tkm/an) si suprafata bazinului de drena)
(5b, km®); este o relatie tipica de cauzad (mari-
mea suprafetei de drenaj care este un inlocui-
tor pentru marimea fortei de eroziune in bazi-
nul respectiv) si efect (productia de aluviuni,
respectiv, totalitatea materialelor dislocate $i
puse in migcare in bazinul respectiv). Exem-
plul din Fig. 3 este sugestiv, legitura dintre
cele doud variabile pentru aria Podisului Mol-
dovei este una puternica, demonstratd si prin
coeficientul de corclatie. Pentru situatia cand
numarul de variabile implicate in analiza une
forme de relief este mare se utilizeaza cu suc-
ces matricea de corelatie, un mijloc rapid de a
vizualiza cauzalitatea dintre variabile.

In Fig. 4 se exemplifici matricea de corela-
tic pentru unele variabile ce descriu si contro-
leazd scctiunea transversald a raulm Barlad;
tabloul rezultat este format dintr-o multitudine
de coeficienti de corelatie intre o variabild cu
toate celelalte vanabile incluse. Daca numarul
de observatii este important (adicd n > 30),
coeficientii de corelatie sunt semmificativi
chiar 1 la valori mici, ca cei indicati in Fig. 4.
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Fig. 4, Matnicea de corelatic a variabilelor morfometrice si sedimentologice a albiei raulin Bérlad

Lista vanabilelor: L, lungimea riului, km; Sb, suprafata bazinulu hidrografie, km’; Ia, panta riuloi, mvkm; B, lig-
mea albiei, m; Hmax, adincimena maxima, m; S8, suprafiafa sectiunii transversale, m’; Hmed, adincimea medic a
albiei, m; Rh, raza hidraulica, m; AS, asimeiria de stinga a sectiunii de albie, m; AD, asimetria de dreapta a sec-

tiunti de albie, m'; M, pammetru morfosedimentologic; A,
tul albiey; m-malul albier.

Zonele hasurate reprezinta corelatii care pot fi
analizate ca fiind o legitwra intre variabilele
considerate. Desigur, in analiza acestor le-
gaturi trebuie 0 mare atentie, experienta omu-
lui de stinia fiind cea care decide ce corelatie
este valida din punct de vedere stiintific si nu
calculul statistic.

1.2.4. Postdictia. Reprezinta evaluarea con-
dititlor dinannce sau caracteristicilor anterioa-
re situatier actuale, respectiv, istoria reliefului
in ultima parte a timpului geologic (Holoce-
nul), aspect care este in relatie cu identificarea
tendinter in timp lung a fenomenului geomor-
fologic studiat, Aparent, fird o importanta ime-
diatd, lipsa cunoasterii tendintei desfasurari
unor procese geomorfologice nu de putine on
a generat chiar probleme de granita (de exem-
plu, intre statele Mississippi $i Lowisiana prin
croziunea laterald a fluviului Mississippi; intre
SUA si Mexic prin schimbarile de albie datora-
te fluviului Rio Grande). In ce ne priveste,
exemphificaim o situatie rezultata din analiza
profilelor longitudinale actuale ale raurilor

argild, %, P, praf, %e; D30, diametrul median, mm; p-pa-

est-carpatice, care a condus la unele concluzii
privind paleocvolutia retelei hidrografice din
aceasta regiune (Radoane et al,, 2002).

O data ce raul si-a atins forma sa de echili-
bru, in cazul de fatd, o anumitd curba mai
mult sau mai pulin concava, ,Juptd” sa ig
pastreze aceasta forma impotriva oricaror in-
terventii de naturd tectonicd sau climatica.
Am putea spune ¢i este o evidenta clara a te-
orier care a bulversat lumea geomorfologici
in anii "60, teoria echilibrului dinamic, emisa
de Hack. Aceasta spune ¢a: o forma de relief
pentru a exista nu trebuie s@ parcurgi neapa-
rat ¢ele trer stadin de evolutii — tinerete, matu-
ritate, batrancte; o formd de relief isi mentine
acele caracteristici care ii asigurd o stare de
echilibru in schimbul de masd si energie cu
altd forma de relief. Si astfel se explica de ce
un profil longitudinal cu o mica concavitate
poate fi mai vechi (de exemplu, Suceava,
Moldova, Bistrita) decat un profil cu o conca-
vitate mai mare (de exemplu, Siret) (Fig. 5).
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Fig. 5. Evidentierea relatiei intre forma profilul de echilibru si virsta raului (Radoane et al., 2002).

H/Hg — raportul de altitudine, unde f7 este alttudinea raului in punctul de masurare, Ho este indljimea raului de
la guri la obirsie; LA4.0 — raportul de distantd, unde L este distanta de la gura riului la punctul de masurare, Lo

este distanta raului de la confluentd la obargie. SV -

1.2.5. Predictia. Predictia este determinarea
tendintei de desfasurare in timp si in spatiu a
fenomenului geomorfologic, in general, 1 se
face pe baza unor siruri de masuratori pe du-
rate §i desfasurdri spatiale reprezentative,
pentru ca datele si se poata constitui in serii
dinamice pertinente. Exemple numeroase de
seril de timp din domeniul geostiintelor asu-
pra cérora s-au aplicat unele metode de anali-
za a tendintelor de evolutie sunt date in Ra-
doane et al (1996).

Pentru exemplificare, am ales seria de timp
reprezentata de inaltimea patului albiei raului
Suceava la postul hidrometric Brodina in pe-
rioada 1963-2002. Metoda de lucru este pre-
zentatd in alte lucrdri ale noastre si nu trebuie
sa insistam asupra acesteia. Important este de
retinut ca prin observarea tendintelor de desfa-
surare a unui proces geomorfologic in timp,
putem prognoza evolutia lui in pasi de timp ul-
teriori. In cazul de fata, evolutia patului albiei
raului Suceava in sectiunea Brodina (Fig. 6)
este data de o succesiune de agradiri si adin-

R,
R. Trotug; PT — R. Putna; BZ — R, Buzju, 8T — R. Siret: DB

Suceava; MD — R, Moldova; BT — RE. Bistrita; TS -
- R. Dambovita; 1L — R. Ialomita.

ciri bruste; adancirile corespund viiturilor mai
putemnice, precum cea din 1969-1970, cand
s-a depasit 200 mc/s sau cea din 1982, cind
s-a atins 100 me/s, in situatia In care, in sec-
tiunea Brodina, debitul mediu multianual este
de 3,42 me/s. Intre aceste perioade se interpun
faze mai lungi de agradare, de regenerare cu
aluviuni a patului albiei. Desigur, comentarii-
le sunt mult mai numeroase, dar nu fac obiec-
tul lucrarii noastre.

De retinut, in concluzie, ca obiectivele geo-
morfologiei aplicate deriva din obiectivele
majore ale geomorfologiei generale, asa cum
rezulti ele din definitia analitica a stiintiel
(Ichim et al., 2001).

1.3. Campul de implicare in context so-
cial-economic

Vom aduce in discutie interactiunea dintre
geomorfologie si supravegherca publica a
mediului asa cum a fost abordati in cadrul
grupului de lucru al geomorfologilor brita-
nici (Hooke, 1988). Supravegherea publica
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(politia mediului) este acreditata ca o serie de
masuri care variaza de la legislatie stricta si
reguli de conduita la masuri cconomice coer-
citive. Aceasta politie a mediului poate aplica
masurile de la nivel international (vezi Comu-
nitatea Europeana), la nivel regional, national
s1 local (autoritatile locale) sub directa coor-
donare a ministerelor sau autorititilor locale.
Pentru geomorfologi este de interes orice ac-
tivitate care modifica forma terenurilor, indu-
ce deplasari de materiale (depozite de versant,
aluviuni) sau altereaza cantitatea sau calitatea
apei, a drenajului. Multe activitati antropice
afecteazd indirect proprietatile suprafetei te-
renurilor si prin interactia cu vegetatia, Coa-
tes (1984 cit. Hooke, 1988) luind in discutie
geomorfologia raportatd la supravegherea
publica spune:

WDe cand omul trdieste, munceste, con-
struieste si isi petrece timpul liber pe supra-
Jata  Pamanndui, el produce inevitabil
schimbdri ale ecosistemului uscat - apd, -
cal geomorfologul trebuie sd ia in conside-
ratie acele activitdi societale cu efect in mo-
dificarea proceselor naturale. De aceea este
necesar ca geomorfologii sd se implice in ac-
tele de guvernare carve aultorizeazd decizif de
natird a schimba caracteristicile topografiei,
materialelor si proceselor implicate in ase-
menea modifiedri™

Este adevarat ¢d schimbirile induse de om
au avut loe st in trecut, dar acum au o rata in

crestere, cu atdt mai mult cu cat populatia
creste, resursele diminueaza, incit s-a ajuns
ca rata modificarii mediului sa fie accelerata
i necontrolata.

Tipurile de schimbari care nu pot fi trecute
cu vederea sunt: mineritul 5i realizarea de ca-
riere care disloca si transporta in scurt timp
mari cantitati de roci; schimbarea tipului de
agriculturd, in special, in terenurile joase
(cresterea productiei de cereale implica; evi-
dent, o agriculturd intensiva, deci, dezechili-
bre); consecintele geomorfologice ale urba-
nismului sunt aproape ignorate, desi altereaza
foarte mult morfologia proceselor care o defi-
nesc, respectiv, realizarea de drumuri, dislo-
carca de materiale, constructii, canale ete.);
rawrile si armurile sunt specifice geomorfo-
logiel pun probleme speciale de eroziune late-
rald, abraziune, erodarea plajelor etc. De cele
mal multe ori problemele specifice geomorfo-
logiei sunt neglijate in schimbul celor de polua-
re ale apei in aceste zone; parcurile nationale
care, prin legislatie, sunt supuse la o suprave-
ghere speciala din partea politiei mediului; Jia-
zardele naturale $i atitudinea politiei mediu-
lui fata de acestea,

Din pacate, legislatia privind locul geomor-
fologiei in securitatea mediului este foarte fi-
rava. Existd insa diferite cai de control intre
care se detageaza: a) persuasiunea morald; b)
reglarea legislativa; ¢) coercitia economic.
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Fig. 7. Schemd decizionald asupra planificanii wenitoriale (Panizza, 1991),

Toate acestea se realizeazd prin organmizatii-
le si agentiile locale, federale, nationale si in-
ternationale. Intre acestea din urma se includ
si Natiunile Unite, Banca Mondiala, iar, in in-
terior, structurile guvernamentale, care au un
rol major pe plan national, dar se apreciaza o
crestere a presiunii grupurilor private ce au
influentat si influenteaza supravegherea me-
diului (de exemplu, Greenpeace). Ceea ce
gste mai grav §i este valabil si pentru proble-
mele de geomorfologie, politia mediului nu
existd dacd nu s-au produs dezastre. Deci sub-
lintem, legislatia are in vedere cu predilectic
aspectele catastrofice.

Geomorfologii trebuie sd demonstreze ne-
cesitatea participarii lor la politia mediului si
sa sugereze actiuni efective. Nu este sufi-
cient sd scrii despre un fenomen intr-o publi-
cafie in speranfa cd supraveghetorii de mediu
vor citi §i iti vor traduce in practica concluzi-
ile tale. Lipsa de comunicare intre omul de
stiingd si supraveghetorii de medin poate
duce la negarea investigatiel pertinente si
obicctive asupra fenomenului in cauzd™, spu-
ne acelasi Coates (1984). In aceastd idec s-au
conturat patru tipuri de activitati care pot fi
considerate la interfata geomorfologiei apli-
cate cu politia (supravegherca) mediului, §i
anume: 1. Catalogarea si inventarierea feno-

menului (de exemplu, inventarierea aluneca-
rilor de teren dintr-o anumita zona) sau a unei
activititi antropice; 2. Evaluarea efectelor fe-
nomenului sau activitdtii; 3. Predictia asupra
efectelor activitdtin propuse; 4. Indicarca al-
ternativelor de supraveghere.

Raminand in continuare la raportul geo-
morfologie-politia mediului, trebuie sa ac-
centudm un aspect definitoriu pentru stationa-
rea acestuia, §i anume, ,,ordonarea in spatiu §i
timp", deci strategia dezvoltirii unui teritoriu,
a unei regiuni date. Aceasta implica raporta-
rea la un alt set de factori, de care depinde ale-
gerea sau decizia asupra unei solutii. Panizza
(1991) sugercaza urmatoarea schema decizio-
nala in legatura cu planificarea (bonitarea) te-
ritoriald. Astfel, alegerea depinde de: cunoas-
terea teritoriului s1 politica dezvoltarn. Daca
cea de a doua tine de tipul de guvernare, de
administrare, in general, prima trebuie rapor-
tatd la urmatoarele cinci componente (Fig. 7):
resurse naturale, riscul natural, peisajul cult-
ral, caracteristicile ambientului, cadrul so-
clo-economic.

Punctul de convergenta al acestor compo-
nente in alegerea sau propunerca solutier il
asigurd cunoasterea. Dintr-o astfel de per-
spectiva poate fi abordata, in opinia autorului,
§i structurarea geomorfologiei aplicate, iar
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Fig. 8. Influenta scirii asupra distributici areale a procesclor geomorfologice actuale. 1, platouri structura-
lo-sculpturale, 2, abrupt litologic; 3, cornisa de desprindere: a, activa; b, stabilizana; 4, alunecirni de teren: a, ac-
tive; b, stabilizate; 5, eroziune in suprafata; a, slabd; b, moderatd; ¢, puternica; 6, albie minora adancita; 7, oga-
$¢ §i ravene: a, sub 2 m adincime; b, peste 2 m adiancime; 8, con de dejectie; 9, glacis coluvio-deluviale; 10, al-
bie majord: 11, albie canalizatd: 12, curbe de nivel; 13, cote: 14; limita bazinului.
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clementul fundamental de exprimare il repre-
zintd harta geomorfologicd in variantele ¢j te-
matice. Nu putem vorbi de o supraveghere
competentd 51 eficientd a condittilor de relief
si de evaluare reald a acestora fard sa avem un
asemenea instrument, respectiv, harta. In
aceste cazuri s¢ recomanda realizarca hartilor
la scard mare, sub 1/10 000. In Fig. 8 exempli-
ficim bazinul hidrografic Giurgeni, unde noi
am realizat cercetin geomorfologice detaliate
asupra distributicr $1 dinamiciti proceselor
geomorfologice actuale. Am urmdrit in mod
special dinamica ogaselor si ravenelor, dar s
a alunecarilor de teren. Suprafata bazinului
hidrografic fiind doar de 4,56 km’, am reusit
sd acoperim in detaliu intreg teritoriul bazinu-
lui in ce priveste observarea si cartografierea
geomorfologicd. Informatia culeasd a fost
apoi trecutd pe hartd, baza fiind data de harti-
le topografice. Desi informatia era aceeasi,
scara hartii a alterat serios calitatea observa-
tiel geomorfologice, in special, in ce priveste
distributia areala a proceselor investigate. De
exemplu, daca raportam numai suprafata aco-
peritd de aluneciri de teren, pe harta geomor-
fologica in scara 1/5 000, suprafata afectatd
de aceste procese este de 1,22 km’, pe ¢cind pe
harta geomorfologicd in scara 1/25 000,
aceastd suprafatd este de 0,875 knv'. Pe aceas-
td baza putem evalua o eroare de apreciere de
30% (reprezentind raportul intre cele doua
mirimi), datoritd utilizarii pentru cartografie-

re geomorfologicd a hartilor neadecvate. Si
formele torentiale (ogase, ravene) sunt mult
mai dense pe harta in scara 1/5 000, deoarece
pe harta in scard 1/25 000 formatiumle cu
adancimi sub | m nu mai pot fi reprezentate.
Comparand cele doud harti in privinta frag-
mentirn reliefului rezultd, de asemenea, va-
lori diferentiate, respectiv de 3,12 km/kny’ in
scara 1/5 000 si de 1,92 km/km?* in scara 1/25
000. Eroarca calculatd este in acest caz mai
mare, de cca 40%.

Datele pe care trebuie sa le reprezinte hirtile
se referd la: geomorfometrie (altimetrie, ener-
gie de relief, pante, expozitie s.a.), procesele
actuale in raport cu stadiul lor de activitate,
depozitele superficiale si alte date litologice,
unele clemente de mediu care consideram ca
pot explica situatia geomorfologicd ca, de
exemplu, elemente de hidrologie (scurgere -
chida si solida, viituri §i inundatii etc.), de cli-
mi (inghet-dezghet, precipitatii), de pedoge-
neza, neotectonica s.a.

Evident, toate acestea se vor obtine potrivit
cu specificul regiunii studiate. Dacd pentru
organizarea in spatiu a supravegherin rehiefu-
lui, hitrtile constituie instrumentul indispensa-
bil, pentru supravegherea in timp se impune
rezolvarea problemelor de postdictie si pre-
dictie, deci, de cunoastere a ratei proceselor, a
tendintei lor de evolutie, a intervalului de re-
curentd a unor procese $.4.
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Beach-dune systems of the North of France:
a dynamic equilibrium?

Yvonne BATTIAN-QUENEY

Key words: acolian dynamics, foredunc, macrotidal sandy beaches, dynamic equilibriom, Céte d"Opale
Abstract: Beaches and foredunes belong to morphologic svstems, which depend not only upon marine and aeo-
lian dynamics, but also upon sediment supply. In the North of France, two sites have been studied during the last
ten years; Merlimont and Bray-Dunes. Both are macrotidal sandy beaches with well developed foredunes and
incipient dunes. The effect of storm events strongly depends upon the tidal environment. The immediate conse-
quences of a storm can be spectacular, with sand chiff fornmation and several meters shoreline retreat.
Newvertheless, on a longer time scale, German bunkers and aerial photographs prove a remarkable stability over
the fast 60 years, Thanks o an abundant nearshore sand supply, there is a rapid adjustment of the beach and fore-
dune profile leading to a morphelogic equilibrium of Merlimont and Bray-Dunes coastal systems. Equilibrium
mechanisms work only if sediment exchanges and natural processes are not inhibited by human interventions.

Introduction

All over the world, beaches constitute an
unportant regional tourism resource. So users
and managers have to know if beaches and
dunes, which border them, are threatened by
coastal erosion. The degree of resilience of
coastal systems (their ability to resist to dis-
turbances) 1s a very important property to
take into account for a sustainable develop-
ment and management. To resolve this prob-
lem, the geomorphologists have a decisive
role, because they can give sound information
on the beach and dune dynamics and estimate
the sediment budget. To give relevant data to
the managers. they must consider the whole
coastal system and not only the beach alone.
The example of the northern French coast
will serve to illustrate this way of thinking.
The 160 km long Céte d'Opale extends
along the French coast of eastern English
Channel and southem North Sea, from the
Authy estuary to the Belgian border (Fig. 1).
Beaches and dunes are present on two thirds of
this coast (Battiau-Queney et al.. 2001). Two
sites are specially considered in this paper:
1°) Merlimont Beach, which represents the
Picard type: dunes are organised in two distinct
fields; the shoreline is approximately south-north

Revista de geomorfologie ne 6, 2004, p. 3744

{perpendicular to the prevailing winds);
2%) Bray-Dunes Beach, which typifies the
Flemish coast. It is characterized by only one
dune field. The coast is WSW-ESE, then near-
Iy parallel to the western prevailing winds.

The beach-dune system

A beach-dune system is just a peculiar type
of morphologic system (Fig. 2). It works
thanks to a source of energy, which enters
permanently into the system, but with large
spatial and temporal variations. This energy
keeps the marine and acolian dynamics up.
When working the system creates landforms
within a spatial unit called the morphosedi-
mentary cell. Along the Céte d’Opale, the
morphosedimentary cell includes

* the foredune,

» the beach (strictly speaking), which is here
the intertidal zone, limited inland by the
swash upper limit and scaward by the lowest
sca level;

* the nearshore (as opposed to the backshore
including beach and dune) (avant-plage or
petits fonds in French), which is the wave
shoaling zone, where sediment is transported
to the beach or exported seaward.
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Fig. 1. Location map

Foredune, beach and nearshore are not inde-
pendent from each other, but, on the contrary
linked through continuous sediment exchanges.
Their boundaries are neither impervious nor
stable: they migrate continuously, at least on
a short time scale.

Morphosedimentary cells are not closed:
the coastal system is an open system. All
along the Cote d'Opale, fluvial inputs are
negligible, but the cells receive sediment
cither from the longshore drift or transverse
currents from offshore. They lose sediment
cither offshore or through the longshore drift.
On the Céte d’Opale beaches, the sediment
transport by the longshore drift is considered
to be balanced (in each coastal cell, inputs
equal outputs). On the contrary inputs and
outputs from and to the lower shoreface and

offshore are less well known, despites their
importance in the sediment budget of the
coastal system. Other uncertain data concern
the volume of sand, which is trapped in the
foredune, which works as a sedimentary sink.

The effect of tide on the beach-dune sys-
tem

At Merlimont, spring-tide ranges exceed 8 m
giving very wide (up to 900 m) gently sloping
beaches (0.5 1o 0.6%) (Fig. 3a). The prevailing
winds blow nearly perpendicularly to the
shoreline. Bray-Dunes has a lower spring-tide
range (from 4 to 5 m); the intertidal zone is
400 to 450 m wide (Fig. 3b). The prevailing
winds blow close to the direction of the shore-
line, but there are also a few strong storms
coming from the North. At Merlimont and
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Fig. 3. Typical ndge-and-runnel morphology of macrotidal beaches an low tide.

a. Merlimom beach, The north-south oriented shoreline 15 almost perpendicular to the offshore prevailting winds.
In front of picture, the foredune is covered with dense Ammaphila arenarvium.

b. Bray-Dunes beach, Here the prevailing winds and shoreline have nearly the same onentation, The bunker locat-
ed on the beach dates from the First World War, It was already in this position 60 years ago and was used for the
training of German soldiers. In front of picture, incipient dunes with Elymus farctus.
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Fig. 4. Beach-profiles and dynamics zones at Merlimont

These profiles were realised respectively in October 1993, March 1994 and August 2000, from the lowest sea
level 1o the foredune fool, during a large spring tide. The intertidal zone is more than 800 m wide. The different
dynamics zones (wave shoaling, surf, swash and acolian) are indicated below. They migrate twice on the beach
profile, during a single tide cycle. The swash processes work only a very short time on the upper beach, except

when a storm event coincides with high ude.

Bray-Dunes, the ridge and runnel morpholo-
gy is well developed (Sipka, 1998; Levoy et
al., 1998; Corbau et al., 1999) and the high
tide mark (laisse de mer) is at several dozen
metres from the dune foot. The beach sand is
well sorted, fine or medium-fine (median
around 250 microns).

Macrotidal ranges have an important effect
on the beach morphodynamics (Masselink &
Turner, 1999). Beach profiles are presented
here (Fig. 4), which were realised on
Merlimont Beach from the lowest sea level
to the foredune foot, during a large spring
tide. The intertidal zone is more than 800 m
wide. During a single tide cycle (12 hours
and 20 minutes), the surf and swash zones
migrate twice on the beach profile. The ris-
ing tide lasts Sh 15 environ, the falling tide
1s longer (approximately 7h 05). So, the rate

of tidal translation is faster when the tide is
rising (150 m per hour). The swash process-
es work only a very short time on the upper
beach: less than 2 hours, during the flood
settling lag.

Storms add a non-periodic component to
the tide effects. When they occur during neap
tide they have a negligible effect. On the con-
trary, when they occur during a high spring
tide, a surge can add | to 1.5 m to the «nor-
mal» sea-level, with two main consequences:
1¥) a longer period of swash processes on the
upper beach, 2°) deeper water increasing the
wave energy in the surf and swash zones. So
storm hazards are much more infrequent in
case of macrotidal beaches, than in case of
microtidal beaches. From these considera-
tions we propose the concept of «mor-
phogenic storms»,
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Fig. 5. Active acolian dynamics on the upper beach

Above, Merlimont beach; the picture was taken duning
a very high tide, in Apnil 2004,

Below, Bray-Dunes beach during a high spring tide;
seolian dynamics create incipient dunes thanks 1w a
dense pioneer vegetation, Cakile maritima and Efymus
farctus are the most frequent species. In the rear, dune
fences are partially buried.

The effect of wind on the beach-dune
system

Along the Cdte d*Opale, the foredune foot
is generally (that is in “normal” conditions,
and not in storm conditions) not situated
within the swash zone. During the tide cycle,
a wide part of the beach is directly affected by
acolian dvnamics (Battiau-Queney, 2004).
The swash upper limit (or high water mark) is
normally located at a few tens metres from
the foredune foot. Runnels act as sand traps,
which are efficient when the wind is moder-
ate. But when the wind speed reaches or
exceeds 50 km/hour (stage 7 on the Beaufort
scale), acohian deflation is active on the whole
middle and upper beach, especially in winter
when runnels are less deep. In fact, a huge

volume of sand 1s exported inland from the
beach. Along the Céte d’Opale, each summer,
several ten thousands cubic metres have to be
removed from the sea-front arca of the main
seaside resorts (40,000 to 120,000 m¥ at Le
Tougquet) (Dewailly, 1980).

Sand is transported and deposited on the
upper beach and supplies the foredune. It cre-
ates an acolian accretion fan at the foredune
foot or/and incipient dunes associated with the
pioneer vegetation (Fig. 5). At Bray-Dunes,
dune fences are rapidly buried and a senies of
topographic profiles revealed that the fore-
dune height has increased considerably during
the last 5 years (Brulez, 2002). It is a general
evolution on many Cote d"Opale beaches. So
the foredune and upper beach act as a sedi-
mentary sink, which contributes to morphody-
namics adjustment after storm disturbances.

Morphogenic adjustment of the beach-
dune system

Marine erosion of the foredune and upper
beach is active in case of combined storm and
high spring tide (Fig. 6). On the top pictures
showing the Merlimont Beach, a storm event
was associated with high spring tide. The sea
level rose unusually and swash processes cre-
ated a sand cliff in an ancient acolian fan at
the foot of the dune. Incipient dunes were
destroyed. The storm effect was spectacular.
Most people at that time thought that it
proved a rapid marine erosion and shoreline
retreat, leading eventually to the destruction
of the foredune itself.

Nevertheless this prediction was not con-
firmed at all: on the same site 7 years later, the
beach and dune profile has completely
changed. The system had enough time to
adjust toward equilibrium, despite high spring
tide a week before and several slight storm
events the years before. It clearly appears that
the Cote d’Opale beach dune systems have a
short geomorphic relaxation time. The dune
sand reserve iIs immediately put again into cir-
culation within the coastal system, when a
storm oceurs, It 1s important to note that the
construction of a dyke at the emplacement of
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Fig. 6. Short time resilience of upper beach morphology at Merimont

On the top, spectacular effect of a storm event associated with high spring tide. The sea level rose unusually and
swash processes created a sand cliff in an ancient acolian fan, which formed at the foot of the dune. Incipient

dunes were destroved.

Below, same site 7 years laler. The beach-dune system had enough time to adjust toward equilibrium.

the foredune will prevent any natural adjust-
ment of the beach profile after a storm. It leads
to major erosion problems, sand shortage and
beach profile lowering, as it is presently
observed at Wimereux, Wissant and Hardelot
(Clabaut et al., 1986; Battiau-Queney, 2003).
If sand exchanges were just active between
beach and foredune, the volume of sand in the
foredune and the beach level would not vary
notably after cach adjustment following a
morphogenic storm. In fact, another evolution
was observed: on a longer time scale (60
years), the height of the foredune has
increased despite a relatively stable beach pro-
file. At this time scale different methods are
used to evaluate the shoreline retreat rate and
toredune change. The first of them is the com-
parison of aerial photographs, once they are
ortho-rectified and put at the same scale.

Analysis of the first aerial photographs (1942-
1947) shows the absence of foredunes on sev-
eral parts of the coast, contrary to the present
situation. Large parabolic dunes were directly
linked with the beach. Today, these parabolic
dunes are located inland and separated from
the beach by the foredune. They can no more
be supplied by the beach sand. Bunker archae-
ology is another original method. German
bunkers, which were built in 1942-1944 are
good tools and references, if their original mil-
itary purpose is known (Lanoy-Ratel, 1998,
2004). If they are correctly used, German
bunkers indicate not only the position of the
ancient shoreline but also the precise foredune
geometry in 1942-1944 (height and profile).
Applied to the Bray-Dunes Beach, bunker
archaeology proves two things: 17) the shore-
line refreat was negligible over the last 60
years; 2°) the foredune height and volume
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increased more or less severely. Just after the
War, human interventions (dune fences) help
to raise the foredune, but this phenomenon
would have been inefficient without natural
processes. Applied to the Merlimont Beach,
along the Biological Reserve, bunker archae-
ology reveals just a shight shoreline retreat
(less than 30m over the last 60 vears).

While the foredune was thickening, the
relative or total stability of the shoreline
means that the beach profile has not seriously
lowered since the last War, There is not only
a rapid adjustment (a few years) of the beach
profile after each geomorphic storm event but
also, on a longer time scale (50-60 ycars), a
morphologic equilibrium. It implies consider-
able sand supply to compensate the foredune
sediment sinking. So another sediment
reserve exists, which nourishes the upper
beach and foredune. This reserve is located
nearshore where i1s a wide complex of sand
bars (Larsonneur et al.,, 1982). Nevertheless
the precise adjustment mechanism, which
leads to the beach profile equilibrium and
foredune development, i1s unknown. Some
research has stll to be done to explain sedi-
ment exchanges between nearshore sand bars
and the beach. We do not know also why fore-

dunes have rapidly increased after the War,
along many Cote d’Opale beaches. The
spreading of myxomatosis after1952 and
nearly extinction of rabbits could have been a
factor, which added to human interventjons to
help sand trapping.

Conclusion

The macrotidal beach-dune svstems of
Merlimont and Bray-Dunes seem to be in
dynamic equilibrium:

* Storm effects depend upon the simultane-
ous tide range: heavy storms are inefficient if
they happen during neap tide.

* Rapid adjustment i1s observed after an
wefficient» storm: wind-transported sand
accumulate on the upper beach and foredune
sea face, The foredune acts as a sediment
reserve, a part of which goes back to the
beach during an efficient storm.

* The beach receives abundant sand supply
from nearshore bars.

* In the present regional morphodynamics
environment, most beaches of the Cote
d’Opale are not threatened by marine erosion.
On the contrary, strong crosion problems
occur when foredunes were destroved, built
or replaced by dykes.
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Caractérisation d’erreurs sur un modéle numérique de terrain
en fonction de zones morphologiques des versants

Frederic ROUSSEAUX . Florina GRECU’

Mots ¢lés: modél numénque de terrain, methode dinterpolation, ralwegs, versant, erreur altimetrique
Caracterizarea erorilor pe un model numeric al terenului in functie de unititile morfologice de versant.
Articolul prezintd impactul pe care le au erorile unui model numeric al terenulul asupra simularin inundatiilor.
Obiectival principal al articolului este studierea reparitiei spatiale a erorilor, a cauzeler acestora, Repartitia
spatiala a erorilor depinde de relief, de camitatea de informatii pe care o include acesta §i care poate fi redatd in
MNT, Astfel, in modelul realizat, interfluviile plate, talvegurile, versantii denivelati prin alunecan profunde pre-
zinti eron datorita echidistantei dintre curbele de nivel, Stabilirea arcalelor cu eron si apoi ehminarea acestora
sunt deosebil de importante $1 din punct de vedere practic-aplicativ, cum ar fi riscul la inundatii.

Introduction

Dans cet article, nous traitons de I"impact des
erreurs dans le cadre de simulations de risque.
Les modéles numenques de terrain (MNT)
sont souvent utilisés dans ce type d’applica-
tions sans que [utilisateur n'aie quantifi¢
I"impact de ces erreurs sur ses résultats de
simulations (Wechsler, 1999). Selon (Hottier,
1990), et plus récemment (Wise, 2000), I'ex-
actitude d'un MNT est liée au mode d’acqui-
sition des données ct 4 son mode de construe-
tion. Nous ne traitons pas ici des erreurs lices
aux données qui ont servi a la construction du
MNT. De nombreux travaux ont déja montré
I"'importance de la précision des donnces ni-
tiales sur la qualité globale des MINT (Carter,
1992 : Chang et al, 1991). Par ailleurs, il a
aussi été montré que le type d'interpolation
choisi, a partir du méme type de données en
entrée, donne des résultats similaires en ter-
mes de précision globale (Carrara et al,
1997).

L'objectif de cet article est d’étudier la
répattition spatiale, puis I'impact des erreurs
qui sont récurrentes quelque soit le type d'in-
terpolation choisi, Une erreur est la différence
entre la mesure d'une grandeur et sa valeur
réelle. A partir des mémes données en entrée
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(courbes de niveau), nous comparons un
MNT avec des valeurs de controle exogenes
supposées plus « exactes » pour localiser, puis
évaluer ces erreurs sur le MNT. Nous utilisons
comme donnée altimétrique de référence un
MNT a trés haute résolution acquis grace & la
technologie LIDAR.

Nous supposons que la répartition spatiale
des errcurs les plus importantes n'est pas
dépendante du choix de interpolation mais
du type de relief. Dans un premier temps, nous
mettons en eévidence la similarité des zones
d’erreurs récurrentes sur différents types de
MNT. Nous montrons, dans un second temps,
"impact des erreurs sur ces zones et leurs
effets sur les principaux parametres
topographiques (altitude, pentes). Ces zones
d’erreurs sont généralement hées a un
mangue dinformation sur les structures
importantes du terrain (crétes, talwegs). Mais,
méme $1 1l existe des méthodes pour résoudre
ces problemes (Jaakkola et al, 2000), elles ne
sont globalement prises en compte que par
une fmble minorité d’utilisateurs (Wechsler,
1999).

Nous concluons par une discussion sur les
avantages qu apporterait une caractérisation
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automatique d’un MNT. Réussir a déterminer
de maniére automatique certains types de
formes permettrait a 'utilisateur de connaitre
automatiquement la qualité potentielle de son
MNT en fonction de ces zones mor-
phomeétriques. Cependant, une telle approche
n'est possible qu’a partir d'une détection
robuste donnant des limites de zones précises.

Etat de I'art des différents types d’inter-
polation a partir de courbes de niveau

Il existe plusieurs sources de données per-
mettant  la  construction de modéles
numeriques de terrain. Les données les plus
courantes sont issues généralement de
courbes de niveau ou d’autocorrélation a par-
tir d’images satellitales. Nous n’étudierons
dans cet article que les MNT construits & par-
tir de courbes de niveau. 51 cette méthode de
construction de MNT se généralise de plus en
plus, ¢’est, selon (Heitzinger et al, 1998),
grace au nombre croissant de cartes papier
peu chéres, a différentes échelles, et intégrant
une représentation des courbes de niveau.
C’est aussi pourquoi de nombreuses agences
nationales de cartographie, dont |'Institut
Geéographique National, sur une partie du ter-
ritoire, ont entrepris de créer des MNT a par-
tir de la numérisation ou du scannage des
courbes de niveau de leurs cartes existantes
(Aumann et al, 1990).

Pour construire un MNT, représentant une
surface continue, a partir de ces données, il
est nécessaire dinterpoler la surface du ter-
rain, Il existe une distinction (Monier, 1997)
entre méthodes d’interpolation exacte (les
données en entrée restent les mémes aprés
I"interpolation) et méthode d’interpolation
non exactes (les données en entrée sont mod-
ifiées par la méthode d’interpolation). Les
trois méthodes d’interpolation rasters sont
non exactes, contrairement a la méthode d'in-
terpolation TIN.

Nous présentons ci-dessous trés briévement
deux méthodes d’interpolation raster et une
methode d’nterpolation TIN. 1l existe de nom-
breux articles et théses concemant ce sujet
(Burrough et al, 1998 ; Wood, 1998) ainsi que

de nombreux sites internet permettant de
télécharger les algorithmes décrits,

Choix des méthodes d’interpolation

Trés utilisés dans les années 90 grace a leur
simplicité d usage et de traitement, la plupart
des algorithmes d'analyse sont programmés
pour le format raster. Néanmoins, ce format
présente quelques désavantages. Le premier
concerne la taille de la cellule: elle condi-
tionne la taille du fichier et surtout la qualité
du résultat. Le second concerne la difficulté
des rasters a bien représenter les lignes de
rupture de pentes. Enfin, d"un strict point de
vue applicatif, les MNT raster gérent assez
mal les chemins d’écoulement (Moore et al,
1991) & cause d'un effet de zig zag qui n’cx-
iste pas sur le TIN.

Nous proposons de choisir deux méthodes
d’interpolation raster: La méthode IDW
(inverse distance weight) qui est une méthode
d’interpolation classique, implémentée dans de
nombreux SIG du marché. Nous choisissons
aussi la méthode Regularized Spline with
Tension (RST). Par rapport a la methode
IDW, elle présente un aspect plus réaliste,
bien que parfois trop lissé. Les méthodes RST
et IDW sont deux méthodes standard, suscep-
tibles d’étre utilisées par de nombreux utilisa-
teurs de MNT. Leurs résultats sont représen-
tatifs du type de modélisation que peuvent
obtenir des utilisateurs de MNT.

Concernant le choix de la méthode d’inter-
polation exacte, la principale méthode utilisée
est la fameuse triangulation de Delaunay, Le
résultat n’est plus une grille réguliére, mais
un réseau de triangles irréguliers reliant un
ensemble de points en nombre fin. Le MNT
est calculé & partir de cet ensemble de points.
Comme pour les MNT Raster, ces points sont
aussi ceux de construction des courbes de
niveau. Contrairement au MNT raster, le TIN
n’est interpolé qu’a partir des points existants,
Il s’agit ici d’une tesselation irréguliére. La
triangulation de Delaunay est définie comme
l'ensemble dual du diagramme de Voronoi
d'un ensemble de noeuds. Chaque triangle de
la triangulation de Delaunay satisfait le
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Figure 1: A gauche, le MNT, a droite la carte de caractérisation du reliel

critére du cercle vide. Cela signifie que lecer-
cle circonscrit au triangle ne contient aucun
noeud de la triangulation autre que les trois
sommets définissant ce triangle. Une abon-
dante littérature existe sur la triangulation de
Delaunay et ses différentes methodes algo-
rithmiques. On citera par exemple la thése de
(Rognant, 2000).

Détermination des zones d’erreurs récur-
rentes

Nous montrons dans cette partie que la
répartition spatiale des erreurs les plus impor-
tantes est indépendante du choix de I'interpo-
lation. Nous définissons par erreur la di-
flérence entre I'altitude de référence et 1altitude
mesurée sur le MNT. Dans un premier temps,
nous localisons les erreurs qui affectent le
plus les différents MNT. Puis nous mettons en
evidence la similarité des zones d'erreurs
récurrentes par la comparaison des différents
MNT. Nous précisons que nos différents MNT
ne présentent pas de biais planimétriques.

Matériel et méthode

Description des jeux de données utilises.
Nous utihsons deux types de données pour
nos tests:

Afin de calculer nos différents MINT, nous
utilisons comme données de base, des courbes
de niveau issues de la base de donnees
topographique a grande échelle (BDTOPOR)
de I"Institut Géographigque National frangais.
Ces courbes sont issues d’une restitution

stéréoscopique a partir de photographies aéni-
ennes. [l s’agit de courbes d’une qualité glo-
bale assez bonne. Leur équidistance est de dix
meétres. Nous calculons les MNT a partir des
points de constructions des courbes de
niveaux. Nous obtenons un semis de points
X,z que nous interpolons sur une grille d une
résolution de cing métres.

Notre référence altimétrique est un MNT
obtenu par un capteur LIDAR de haute préci-
sion. 1l a été préalablement nettoyé du sursol
(foréts, maisons). C'est un semis de points
xy.z trés dense (plusieurs points par metres
carrés), réinterpolé sur une grille d une réso-
lution de cing métres. Méme si la méthode
lisse indéniablement Ie MNT, la précision
altimétrique est bien préservée. Celle-ci est
suffisante pour mettre en valeur les
phénoménes que nous allons décrire dans la
prochaine partie.

Meéthodologie. Nous cherchons a mettre en
valeur les types d’erreurs qui caractérisent les
deux =zones que nous avons deéfinies
précédemment. Pour cela, nous calculons
dans un premier temps, cellules par cellules,
les différences altimétriques entre le MNT
LIDAR de référence et les différents MNT
a tester. Nous obtenons ainsi trois cartes
d’erreurs (LID-TIN, LID-RST et LID-1IDW).

Nous cherchons ensuite a caractériser le
relielf de notre zone d’étude. Pour cela, a
I"aide d’un expert en géomorphologie, nous
delimitons sur le modéle numérique de terrain
référence (le LIDAR) différentes zones
représentant différents types de relief. Nous
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définissons deux zones caractéristiques
homogenes majeures (Fig. 1) et une grande
zone de transition, moins homogéne:

* Les zones de talwegs, Elles définissent des
zones majontairement basses et concaves. 1l
s"agit de zones morphologiques qui représent-
ent 'endroit le plus bas d’une vallée. Clest la
zone ou l'on retrouve les réseaux hydro-
graphiques.

* Les zones sommitales. Elles définissent
des zones majoritairement hautes et convex-
es. Il s”agit de zones hautes, peu érodées. On
v retrouve les zones de créte,

* Les zones de versants. 1l s'agit des zones
intermediaires. Elles relient les zones sommi-
tales aux zones de talwegs.

A partir des cartes d’erreurs des MNT et &
partir de la carte de caractérisation du relief,
nous observons dans quel type de terrain se
trouvent les erreurs les plus importantes.
S’agissant d’une soustraction entre ['altitude
du MNT LIDAR de référence et le MNT &
tester, les données positives indiquent une
erreur de sous-estimation du MNT a tester par
rapport a la référence. Les données négatives
indiquent une erreur de surestimation du
MNT 4 tester par rapport & la référence. Nous
effectuons deux types de tests. Le premier
prend en compte toutes les différences et
analyse les zones en fonction de toutes les
erreurs comprises a I'intérieur. Le second test
ne prend en compte que les erreurs impor-
tantes (erreurs supérieures ou inférieures i
deux metres). Notons au préalable que ces
trois cartes présentent une erreur moyenne
globale assez faible. L'écart moyen est cal-
culé a I'aide de:

E¢art moyen "E{K.m, = Expner) f nombre total de points

Détermination des zones d’erreurs impor-
tantes. La comparaison de trois types de
modélisation du terrain met en lumiére trois
points importants:

* La moyenne de toutes les erreurs qui
affectent nos différents MNT est globalement
similaire. Elle est assez faible et est comprise
entre ~0.4 (RST) et -0,46 (TIN): les trois
MNT sont affectés par une légére sur estima-

tion qui affecte de maniére similaire toutes les
zones (sauf les zones de crétes).

* Concernant I'étude des errcurs significa-
lIVes, nous montrons que sur les trois types de
MNT, une forte disparité existe entre les
zones de crétes et les zones de talwegs et le
reste du MNT. Cette répartition des erreurs
est trés similaire sur les trois lests que nous
avons cffectués. On observe, sur les dif-
férentes interpolations de MNT, ¢t en mettant
I'accent non pas sur la qualité globale,
comme I'a fait (Carrara er al, 1998) mais sur
I'estimation de zones d’erreur majeures, que
les différents MINT sont tous & peu prés aussi
faux dans les méme types d'endroit. Les
zones de sous estimation sont les zones som-
mitales et les zones surestimées sont les zones
de talwegs,

* La modélisation qui permet la meillcure
représentation des zones sommitales est 'in-
terpolation RST. Comme I'interpolation RST
cherche 4 obtenir un aspect lissant sur
I'ensemble de la surface, les sommets et les
zones de talwegs se trouvent étre un peu cor-
riges du manque d'information. Par cette inter-
polation, ils obticnnent une forme générale
assez convexe sur les zones sommitales et
concaves sur les zones de talwegs, qui pallie,
dans une certaine mesure, 'errcur de sous-
estimation de ces zones. C'est I'interpolation
qui présente le biais le moins important.

Sur les MNT Raster, comme sur le MNT
TIN, ces biais s’expliquent d'une part par le
manque d'information altimétrique de ces
zones interpolées. I s’agit trés souvent de
zones comprises a I'intérieur de la demiére
courbe de niveau, maximale ou minimale de
la zone. Les interpolations sont donc cal-
culées & partir de nombreuses données simi-
laires. Sur les TIN, il s’agit principalement
des zones de triangles plats: les zones sommi-
tales et les zones de talwegs sont affectées un
artefact décrit dans (Jaakkola et al 1998). Cet
artefact est responsable de deux types d’er-
reurs systématiques (Fig. 2):

Une erreur de sous estimation, localisée
dans les zones de crétes. La forme plate de
ces zones ne représente généralement pas la
réalité. Les zones sommitales sont plutot car-
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actérisées par une convexité générale issue de
phénoménes géomorphologiques tels que
I"érosion. On trouve dans les zones de crétes
des formes plus douces et plus arrondices.
Comme ['altitude de la zone calculée sur le
MNT est celle de la demniére ligne de niveau,
I"altitude de cette zone est forcément inféricure
sur le MNT par rapport a la réalité terrain,

Une erreur de sur estimation, localisée dans
les zones de talwegs. Il s’agit ici du
phénoméne inverse, La courbe de niveau
basse surestime la zone de talweg en mvelant
celle-ci a son altitude. Les 1alwegs, & grande
¢chelle, sont plus généralement creusés par
un cours d’cau (qui existe encore ou non). La
forme naturelle d'un talweg ne correspond
que trés rarement a une zone plate comme
peut le calculer de maniére systématique un
algorithme de tniangulation classique, comme
Delaunay.

Sur les modéles numériques de terrain inter-
polés par la méthode RST ou la méthode
IDW, la recherche de I'altitude des points
voising est elle aussi fortement affectée par le

mangque " information des zones sommitales
et de talwegs.

Dautre part, le manque d’information n’est
pas la seule cause de mauvaise estimation de
ces zones. En effet, les zones sommitales et les
zones de talwegs présentent une hétérogénéité
de leurs paramétres morphométriques (direc-
tion de pente en particulier) bien supéricure a
une zone de versant, qui est généralement plus
réguliére. C'est pourquoi celles-ci restent
toutefois difficiles a représenter de maniére
précise sur un MNT.

Estimation de 'erreur

Dans cette partie, nous montrons, de
maniére quantitative, comment les erreurs
décrites dans la partic précédente affectent la
quahité globale du MNT en termes de préci-
sion géometrique, de pente et d aspect.

Estimation de 'erreur altimétrique. En
terme de précision géométrique, on note que
la mauvaise estimation des zones sommitales
et des zones de talwegs n'influe pas sur la
qualit¢ alumétrique globale des MNT cal-
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culés. Limpact est plutét local. Les calculs
d’erreur moyenne ne sont pas significative-
ment diftérents selon que sont exclues ou non
les zones sommitales et de talwegs, méme si
"erreur moyenne e¢st légérement moins
importante sur les interpolations IDW et TIN.
Dans 'exemple ci-dessous, les calculs ont été
cffectués pour les erreurs importantes
supérieures a deux métres.

Pour conclure sur les erreurs altimétriques
lices aux différentes méthodes d'interpola-
tion, comme le soulignent (Eklundh ef al,
1995), 1l semble plus important de bénéficier
de bonnes données de départ et d'un algo-
rithme de construction de MNT basique,
plutét que du contraire.

Impact de P'erreur sur les calculs de
pentes. Les pentes sont un paramétre du relief
important pour de nombreuses simulations.
Des exemples sont données dans le domaine
du risque et de I'ingénierie par (Manche,
1998} pour les avalanches, et par (Charleux,
2000} pour I’'hydrologie. L' impact des erreurs
altimetriques se répercute de maniére assez
importante sur les caleuls de pente. Si I'on
choisit d’étudier les pentes moyennes des
zones sommutales et de talwegs, des biais
similaires apparaissent dans nos deux zones
morphologiques test (Grecu, Palmentola
2003).

L'observation de ces résultats montre que
les pentes sont systématiquement sous-
estimées dans les zones sommitales et de tal-
wegs, et ce, quel que soit le type d’interpola-
tion choisi. La meilleure estimation des
pentes provient de la méthode RST., C’est
aussi la meilleure méthode au niveau de I'es-
timation altimétrique de ces zones, La mau-
vaise estimation des altitudes, et donc des

pentes, de ces zones peut etre corrigé par |'ap-
port d’une nouvelle information altimétrique.
Un exemple de méthode corrective est
présenté dans (Rousseaux, 2003).

Conclusion

Nous montrons dans cet article que sur les
trois modélisations du relief que nous util-
isons, certaines zones sont systématiquement
affectées par plusieurs types d’erreurs récur-
rents. Mais la qualité globale du MNT n’est
vraiment affectée qu’en termes de pente et
d’aspect. Notre application montre toutefois
qu'une meilleure prise en compte des arte-
facts des zones sommitales et de talweg per-
met de minimiser |'erreur sur ces deux
paramétres, utiles pour des applications.
Toutefols, cette prise en compte ne permet
qu'une correction partielle de ces zenes i
cause de la difficulté a interpoler ces formes
de maniére correcte.

Apres la détermination des erreurs par type
de relief, 'apport d’une caractérisation
automatique du terrain, comme a cherché i le
faire (Wood, 1998) se montre trés intéressante
car elle permettrait de définir une carte d’er-
reur potentielle de maniére automatique.
Cette carte d'erreur scrait calculée en fone-
tion des zones morphométriques détectées.
[es premiers tests de caractérisation du relief
avec des facteurs morphométriques tel que les
concavité et convexité, ou les pentes (Bonin
et Rousseaux, 2004) montrent toutefois que la
multitude de zones détectées nécessitera stire-
ment des algorithmes permettant de bien
gérer les microreliefs, grands générateurs de
bruits sur les MNT.
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Imagerie satellitale et suivi du risque naturel en Roumanie:
glissement de terrain sur la vallée de Prahova

Abdelkader ABDELLAOUI', André OZER”,
Ieana Georgeta PATRU, Mihai IELENICZ®

Mots clef: Imagerie satellitale, nsques naturels, action anthropique, glissement, Landsat TM, SPOT

Aportul imaginilor satelitale in studiul alunecirilor de teren (Valea Prahovei). Studiul imagimior satelitale in
analiza alunecirilor de teren evidentiazd: eterogenitate spatiald, delimitarea arealelor, estimarea reactiviri
alunecinlor de teren, L ACP (analiza componentelor principale) este tehnica matematica utilizatd in interpretarea
imaginilor satelitale ce permite limitarea unui sistem complex de corelafin. In cazul imaginilor satelitale procesul con-
514 in construirea de canale de decorelare pentru a evidentia la nivel de pixel incircitura spatiala a arealului studiar,

Introduction

La Roumanie est exposée a divers risques
naturels parmi lesquels les glissements
représentent la forme la plus fréquente.
1.’apparition d’un glissement de terrain est le
résultat de la conjonction de plusieurs fac-
teurs qui peuvent €tre: permanents (peu ou
pas variables dans le temps; dus & la présence
de plans de rupture préférentiels par exemple,
pente de terrain, etc.) ou semi permanents
(évolution dans le temps due a la teneur en
eau des matériaux, a4 |'érosion en bas des
pentes, & I'action anthropique). Lorsque I'un
des facteurs subit une forte variation dans un
laps de temps trés court, il peut engendrer une
déstabilisation du matériau et provoquer un
glissement ou réactiver un ghissement préex-
istant; il peut s'agir, par exemple, d’un
¢pisode pluvieux cxceptionnel ou d’une
action anthropigue.

Ces deux facteurs (pluvioméirie et action
anthropique) ont effectivement subi une forte
varation sur une ¢chelle de temps courte pour
la vallée de Prahova; en effet, I'analyse de la
quantité moyenne des précipitations entre
1990 et 1996 montre une alternance des
années séches (1990—36.93 mm; 1991—
31,1 mm; 1994—49,1 mm) et des années plu-
vieuses (1992—79,89 mm; 1993—61,54
mn; 1995—62.9 mm) avec un maximum trés
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marqué en 1997 (pour la seule journee du 3
aoiit 1997—mois sec en général, 1] est tombé
94.3 mm de pluie, soit 2 a 3 fois la moyenne
mensuelle des autres années). D autre pan, au
niveau du facteur anthropique, le nombre des
constructions a Breaza est passé de 820 bau-
ments, en 1905 4 8 486 batiments, en 2002,
soit une multiplication par un facteur
supérieur 4 10 sur un intervalle de 97 ans; de
plus depuis 1996, les constructions devien-
nent de plus en plus imposantes, ce qui aug-
mente la pression sur le sol. Les con-
séquences enrcgistrées sont significatives
pour la région de Breaza: 1 100 fermes affec-
tées, 8 maisons détruites; un chemin détruit
par endroits ¢t de nombreux terrains situés sur
le versant affectés par les vagues de ghsse-
ment.

Ce constat nous améne 4 nous interroger sur
la faisabilité d’un systeme d’aide a 1'estima-
tion et au suivi du phénomeéne de glissement
et sur I"apport de I"'imagene satellntale pour la
réalisation de cet outil,

L'image satellitale enregistre la réponse de
la surface 4 une excitation électromagnétique
extérieure pouvant se situer dans 'une des
gammes de longueurs d'onde du visible ou du
proche infra rouge, de I"infra rouge thermique
ou des hyper fréquences. Le phénoméne de
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glissement se mamifeste par des variations de
I"état de surface et serait done appréhensible 4
partir de I'imagerie satellitale pour peu que
I’échelle de variation corresponde i la résolu-
tion spatiale de I'image.

I. L'imagerie satellitale et son usage pour
delimiter les zones de glissement

I.1. limpact du glissement de terrain sur
I"état de surface. Le glissement de terrain est
un phénomeéne dynamique se traduisant
généralement par une medification de 1'état
de la surface du sol: déplacement ou accumu-
lation de masse, altération de la couverture
végétale, changement d’organisation de I'e-
space; sa mise en évidence nécessite ainsi des
observations multidates. Les effets du glisse-
ment peuvent également se ressentir sur la
végétation, le bati, les routes et voies de com-
munication.

La couverture végétale peut étre observée
sur |'image satellitale et 1'on pourra,
théoriquement estimer un taux de couverture;
il faudra cependant plusieurs images de la
zone d’¢tude a plusieurs dates pour pouvoir
déduire s'il y a effectivement variation du
taux de couverture ¢t si cette vanation est due
4 un phénomeéne de glissement. Les routes
sont normalement détectées sur 1'image; le
suivi du tracé pourra éventuellement nous
renseigner sur un effondrement probable, une
coupure. Le bati isolé par contre ne pourra
pas ¢tre observé sur une image moyenne réso-
lution (Landsat TM ou SPOT 20m),

Ces considérations nous permettent d’orien-
ter nos traitements vers la détection d’objets
observables (sol, végétation, routes ¢t zones
urbanisées).

1.2. Les premiers traitements. Le premier
travail consiste a délimiter la zone d’étude sur
"image satellitale; la difficulté est d’autant
plus grande que la zone a délimiter est petite;
a titre indicatif notons qu'une scéne Landsat
TM couvre une superficie de 130 km x 130
km alors que notre zone d’étude ne s’étend
que sur 3 km * 1,5 km.,

Une fois la zone délimitée on effectue une
extraction de la fenétre correspondant au site

d*étude; une ameélioration de contraste
s’avére alors généralement nécessaire, Cette
amélioration consiste a étirer ou dilater |'his-
togramme des occurrences de niveaux de
luminances (en réalité, les comptes
numériques). Rappelons a cet effet que le sig-
nal enregistré par les capteurs est codé sur 8
bits, ¢'est-d-dire une échelle de valeurs s'é-
tendant de 0 a 255. Cependant, les conditions
de prise de vue, notamment lorsque les condi-
tions atmosphériques provoquent une forte
atténuation du signal, réduisent parfois con-
sidérablement la dynamique de I'image.
Seule une partie des 256 valeurs disponibles
de tons de gris est utilisée. La visualisation de
I'image a I'écran (ou sur imprimante) est
alors terne, sans contrastes ¢t difficile a
« voir » et a interpréter. La transformation
consiste alors a distribuer les barres de
fréquences sur 'ensemble de la gamme
disponible. Les figures suivantes illustrent ce
principe (Fig. 1, 2).

Nous avons par la suite réalisé une compo-
sition colorée a partir des canaux bleu, vert et
rouge de Landsat (canaux TMI, TM2 et
TM3) pour lesquels une amélioration de con-
traste par ¢talement de la dynamique a été
réalisé au préalable; nous obtenons 1'image
¢olorée de la figure (2) sur laquelle nous
avons positionné notre zone d'étude.

1.3. La décorrélation de I'information:
I’ Analyse en Composantes Principales. Une
image multispectrale d’une scéne est consti-
tuée d’enregistrements suivant différents
canaux (Fig. 3) spectraux, caractéristiques du
satellite d’observation (Landsat, SPOT). Les
images d’une méme scénc enregistrées suiv-
ant les differentes bandes spectrales du cap-
teur sont hautement corrélées redondance de
I"information). Compte tenu de 1" abondance
d’informations a traiter, le but de I'analyse en
composantes principales (ACP) est de con-
denser les données originelles en de nouveaux
groupements de fagon  ce qu'ils ne présentent
pas de corrélation entre eux et soient ordonnés
en terme de pourcentage de variance apportée
par chaque composante,

L'analyse en composantes principales
(ACP) est une technique mathématique per-
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"

1™ composante principale 2% composante principale

Figure 4. Les trois premiéres comopsantes principales

mettant de réduire un systéme complexe de
corrélations en un plus petit nombre de dimen-
sions. Géométriquement, le processus de la
mise en facteurs revient a placer des axes dans
un nuage de points. Un premier axe, encore
appelé premiére composante principale, sera
placé selon 'allongement privilégié du nuage.
Par convention, nous représentons 1a deuxiéme
dimension par une droite perpendiculaire a la
premiére composante principale. Ce deuxiéme
axe, ou deuxiéme composante principale, se
définit comme la droite qui « explique » (le
mot n'a pas ici de signification causale) la plus
grande partie de |'information restante (aucune
autre droite qui « expliquerait » autant ou
davantage ne pourrait étre tracée perpendicu-
lairement a la premiére composante principale.
Les droites suivantes seraient perpendiculaires
aux axes précédents et contiendralent de moins
en moins d" information. L'analyse en com-
posantes principales est ainsi une méthode de
réduction du nombre de caractéres permettant
des représentations géometriques des individus
ct des caractéres; dans le cas de I"image satel-
litales multibande, le processus consiste & con-
struire de nouveaux canaux décorrélés entre
eux et tels que les deux ou trois premiers con-
tiennent jusqu'a 95% de 'information totale.
Cene réduction ne sera possible que si les p
caractéres initiaux ne sont pas indépendants et
ont des coefficients de corrélation non nuls.
L’ACP est une méthode factorielle car la
réduction du nombre des caractéres ne se fait

3™ composante principale

pas par une simple sélection de certains d’en-
tre eux, mais par la construction de nouveaux
caractéres synthétiques obtenus en combinant
les caractéres initiaux au moyen des « fac-
teurs ». C'est une méthode linéaire car il s’ag-
it de combinaisons linéaires.

Nous avons appliqué cette méthode a la
zone de Breaza et nous obtenons les résultats
suivants:

Comme on doit sy attendre, parmi les six
nouveaux canaux de ['analyse en com-
posantes principales, seuls les deux premiers
nous apportent de I"information utile: sur la
premiére composante principale est concen-
trée la quasi totalit¢ de I'information
présente sur les six canaux originaux (TM1,
T™2, TM3, TM4, TMS et TMT); la deux-
1éme composante principale met en évidence
le réseau hydrographique; les deux branches
de cours d’eau sont trés nettement visibles
en noir sur I'image; la troisiéme composante
principale commence déja a ne plus contenir
beaucoup d’information; dans ce cas précis
elle est quasiment inexploitable; il arrive
cependant que la troisiéme composante
apporte une partie complémentaire de 1'in-
formation (Fig. 4).

MNous avons amélioré la premiere com-
posante principale par un ¢talement de
dynamique ce qui nous a permis de délimiter
de fagon plus précise les trois agglomérations
présentes sur I'image ainsi que la zone de
glissement (Fig. 5).
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Une combinaison linéare des canaux ACP]

zones urbamisées; on voit ansi de fagcon trés
nette la morphologie de Campina ¢t Breaza:
le tracé des voies est tres visible malgre la
résolution de I"'image (30 m) et 'importance
de ces deux agglomérations (donc des voies).

Cette image a été obtenue par 1’algorithme
survant

ACP1

strelch
x 2
ACP?2: i

Pour tenter de metire en évidence les sur-
faces baties, nous avons 1solé les pixels de
forte réflectance (il s’agit en fait des pixels
dont le compte numérique est éleve, ce qui
devrait correspondre aux objets les plus
réfléchissants: lit majeur, clairiére, construc-
tion, etc.); nous obtenons I'image suivante
(Fig. 6),

Sur cette figure, les voles de communica-
tion (routes, chemins) ne sont plus visibles en
tant que lin¢aires; les lits majeurs des deux
branches de fleuve sont nettement visibles
(sol calcaire et sable trés réfléchissant); les
zones baties apparaissent ¢galement en blanc
sur cetle image; certains batiments isoles sont
¢galement visibles; par contre le reste du
paysage est complétement estompe.

Une autre combinaison des deux premicres
composantes principales permet d’aller encore
plus loin dans 'amélioration de la restitution
de I'information: nous avons en effet testé
I"algonthme d’amélioration d'images (Fig. 7)

—H wlreteh

i acpempl

BCDEmpe

Figure 7. Algorithme dameélioration d’images

zone bitie

Figure 6. Transformation de la dynamagque

I}‘; alielch "'
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mise en évidence

des surfaces

Fig. 8. Le bati apparait en rouge sur la visualisation en couleur et en blanc clair sur la visvalisation en niveaux
de gnis.

Cet algorithme nous permet d’obtenir I'im-
age résultat suivante que nous visualisons
dans une échelle de niveau de gris et au
moyen d'une palette de couleur.

I.4. Géoréférencement et calage. Dans la
plupart des projets SIG, on procéde tout
d’abord a un découpage géographique de I'e-
space, qui délimite la zone d’étude, La pre-
miére étape est de géoréférencer cet espace,
c'est & dire le délimiter précisément par des
coordonnées cartographiques (ou géo-
graphiques). C’est cette conformité qui perme-
ttra de superposer des plans de diverses natures.
Pour assurer cette superposition, les différentes
couches d'informations géographiques doivent
avoir le méme systéme de projection.

La Terre est un géoide (en prenant le niveau
moyen des mers), c’est a dire une sphére
irréguliére, pour la représenter, il faut donc
trouver un modéle mathématique qui corre-
sponde le micux & la surface topographique
de la Terre. La surface utilisée est donc un
cllipsoide (dit de révolution), un volume
géométrique régulier proche du géoide.
Les Elhpsoides de référence sont celun de

Newton au 17, puis de Clarke dés 1880 et de
Hayford depuis 1924. Afin de représenter cet
cllipsoide sur un plan, on utilise différents
systémes de projections:

» conforme de Mercator: conserve les
angles mais altére les surfaces (cartes mili-
taires, de navigation)

* ¢quivalente de Lambert: conserve les sur-
faces mais altéres les angles (cartes poli-
tiques, démographiques)

» aphylactique qui altére les angles et les
surfaces

Interprétation et conclusion

Les divers traitements des données satelli-
tales ne suffisent pas, pour un secteur aussi
restreint que celui du glissement de terrain de
Breaza, pour étudier ce phénoméne. Seule
I"analyse stéréoscopique classique a partir de
photographies aériennes autorise |'¢tude geo-
morphologique de tels transports de masse.

Par contre, I'analyse des donnces satelli-
tales souligne des facteurs explicatifs de ces
glissements comme une grande hétérogénéité
du versant de la Prahova a hauteur de Breaza
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comme on le voit de fagon assez nette sur
"image ASTER de 2003 (Fig. 6). Le graphe 4
montre cette hétérogénéité sur un transect de
I"image ASTER 2003, paralléle au lit de la
Prahova. Sur I'image ASTER par excmple
(Fig. 7. 8) cette hétérogénéité se traduit par
une diversité de couleur des pixels due a la
juxtaposition de teintes rouges sombre (végeé-
tation dense de feuillus), rouge clair (paturage
arboré sur versant) et des zones gris-clair ol
le minéral domine, témoin de terrains
dénudes soit par I’érosion, soit par des sur-
faces de décrochement, soit encore par des
rejets d'inertes par le sommet.

Il faut souligner que les versants « nor-
maux » de la Prahova présentent une
couleur rouge sombre homogéne témoin de
versants boisés en liaison avec la forte
pente des versants.

Les images satellitales mettent aussi en
¢vidence d’autres éléments qui peuvent

mieux expliquer le développement de
glissement a cet endroat:

- A la base du versant, le tracé concave de la
Prahova au droit du glissement de terrain, per-
met d’expliquer 1'érosion laterale du cours
d’eau et donc le sapement a la base du versant.

- Au sommet, le plateau présente une den-
sification croissante de ["habitat (mise en
évidence lorsqu'on compare de données
multi-sources:  photographies aériennes,
cartes topographiques et diverses images
satellitales), ce qui exerce une pression sur le
versant.

- Enfin, toujours sur le plateau, I'image
satellitale souligne I'organisation du réseau
routier et surtout |"existence d'une route per-
pendiculaire au versant et une pente réguliere
vers celui-ci, qui ne peut que drainer I’eau du
nouveau lotissement vers le versant qui, lors
de fortes précipitations ne fait qu’accélérer le
déclenchement des transports de masse.
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Landslides in the M. Caproiu St. - Eternitatii St. perimeter,
town of Breaza

I. ARMAS', R. DAMIAN, [ SANDRIC?

Kev words: landslides. GIS Analysis, Breaza, risk assessment.

Slope dynamics is an essential elemem of the Subcarpathian landscape, having a great imponance for man-envi-
ronment interaciion. This was pointed oul by the exceptiomal climatic conditions that spanned the outumn 1996-
summer 1997 interval (with precipitations topping the multiannual mean by 15-22%), which intensified and reac-
tivated the landsiides and mudflows along the Subicarpathian valley sector of the Prahova River. A high risk was
visible wherever man's actions in the landscape were present (clearings, buildings ete.). In the town of Breaza,
londshides featred a major risk, affecting 1,100 houscholds, eight houses being completely destroved, o few
streels and the pasturelands.

The town of Breaza hies on the right side of the Prahova River, mainly on the surface of terrace 11, which is best
preserved. The terrace scarp develops on marls and clays with intercalations of sands and gypsum and has a high
degree of instability, undergoing mass rolational movements. The slope is used as pasture, bul from 1990 they
began building houses, some of them without legal approvals,

The study focuses on valley slope vulnerability to landsliding in the Miron Caproiu St perimeter, in order 1o bet-
ter deal with this risk situation, Field surveys, photographic documentation and geomorphic mapping were asso-
ciated with geotechnical Iab analyses and computer-based investigations. The analysis of the spatial particulan-
ties of slide Mow direction and of stability resulied in the identification of a major landshide model.

In the context of a higher human pressure in the natural environment we have 1o expect a landshding speeding
up development of valley slopes in this sector. Although the last years would suggest a relative sicady-state (due
also to long droughty periods), the actions taken here by local officials or physical persons (suppont walls and
gabions placed in the very body of slide, the lack of drain, the carth-fillings of headscars, ete.) pave the way for

new paroxysmal situations, hike the 1997 ones, to set in any time.

1. Argument. Why the town of Breaza?

The slope of the Breaza terrace can serve as
a good example of a vulnerable system with-
in the context of the increasing human pres-
sure on the lands. The vulnerability of a sys-
tem irrespective of its nature or size can be
defined as its capacity 1o be affected by a haz-
ard. In other words, vulnerability requires
potential dysfunctions at internal level, result-
ing from transformation and adjustment
processes, as a reaction to the probable per-
turbations of the environment, Vulnerability
15 a function of the system’s resistance to
change (the measure in which alterations of
the environment lead to changes of the sys-
tem's attributes) and of its capacity to adjust
to new states and conditions, when exposed
to them.

The slope of the Breaza terrace 15 inevitably
exposed to artificialization through anthropic
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exploitation within the context of an urban
environment. The use of land as pasture and
orchard has been completed after 1990 with
the building of new roads and holiday resi-
dences, some of them built without comply-
mng to geotechnical norms imposed by the
local features. Landscape artificialization -
presented comparatively for the adminmstra-
tive area of the Breaza town in 1984 and
2000, with the help of indices referring to the
weight of built-up areas, roads, population
density, human pressure expressed n agricul-
tural use of lands, the naturality index, the
index of environmental change - shows a
moderately balanced landscape, which devel-
ops in some sectors towards disequilibrium
(Fig. 1).

If a natural system is exposed to rapid and
major changes its vulnerability will depend
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Fig. 1. Indices of landscape artificialization for the admimsirative area of the Breaza town
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Table 1. The index of landscape naturality®

* according to lonescu A, Sahleanu V., Bandiu C, (1989), the values of naturality index fall wathin several inter-
vals: 60 - 100% forest (landscape with ecological balance similar to the initial one); 45 - 60% (relatively stable
ecological balanee); 35 - 45% (ecological balance shightly affected by human pressure); 20 - 30% (landscape at
the limit of ecological balance); 11 - 20% (strongly affected ecological balance); < 11% (extremely affected eco-

logical balance).
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Fig. 2. The impact of extreme climatic conditions of the summer of 1997

exclusively on its capacity to adjust to the new
conditions. The system’s ability to adjust will
depend on its degree of heterogeneousness, a
structural quahlity that may mitigate extemal
effects by an assimilation of change. Such is
the case of the inter-war scheme at “the castle”
(Morn Street), where the shding waves have
been terraced and the water drained along
tracks that developed subsequently under nat-
ural conditions. The various uses of land
(orchards, bwldings, roads) have imposed a
long - term stability of the ground with bear-
able costs. A low environmental diversity will
encourage however the detachment of a new
territorial subsystem from the imtial one, in
case of local changes (lanos, 2000).

In the southern sector of the Breaza terrace
the slope’s ability to adjust is very low,

because the shding mass is uniformly used as
pastures. Even the conception of present and
future schemes shows a tendency of homoge-
nizing the environment conditions by filling
up the scarps. Within this context, the system
1s forced to accumulate tensions that will be
suddenly released, as soon as its resistance
limit is exceeded.

Such a situation occurred during the excep-
tional chimatic conditions that persisted since
the autumn of 1997 (precipitations 15 - 22%
higher than the multi-annual average), when
landslides affected 1000 houscholds in the
Breaza town, 8 houses being completely
destroyed, most of them lying on the terrace
Il (Fig. 2).

Inmasmuch slope capacity to release ten-
sions stemming from environment alter-
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ations - reversible (rainy spells) or irre-
versible (the filling up of the scarp, sup-
porting walls) - is minimum, its vulnerabil-
ity will depend only on its sensitivity, that
15 on the measure in which external changes
will lead to alterations of the system’s
attributes.

Within this context, punctual measures
taken by local authorities or individuals
(wrongly built and placed supporting walls
and gabions, including those in the sliding
mass, the lack of draining, the filling up of
scarps, et. al.) will be leading, under favorable
climatic conditions, to new paroxystic move-
ments (Fig. 3).2. Methodology

The emploved methodology was based on
recurrent monitoring of field situations by
means of mapping and direct observations.
corroborated with processing of satellite
images (SPOT panchromatic 1997, Landsat
™ 1997) in Erdas Imagine 8.3.1., ArcView
3.2a, with Spatial Analyst and 3D Analyst
extensions, and Idrisi 32,

The topographical survey of the landshide
was accomplished with a Leica TC 803 Total
Station, at a scale of 1:5000. Data was record-
ed aumomatically. The surface was not cov-
ered with a rectangular grid, but with profiles
traced along thalwegs and micro-depressions.
On an arca of 29,521 sq. meters, with a length
of the sliding mass of 369 meters, 6.000
points were determined. The data
wasprocessed using the Surfer 8 software,
Samples taken from characteristic sectors
were analyzed from the geotechnical pont of
view in the Laboratory of rocks’ mechanics
within the Faculty of Geology and
Cieophysics in Bucharest.

Scientific material has been recurrently
completed on the basis of the dialogs with the
natives and the interviews conducted by local
authorities.

3. Discussions

3.1. Morphological background. From a
morphological point of view, the Prahova val-
ley 1s widening as the river leaves the
Carpathian defile at Posada (Fig. 4). The
Subcarpathian sector, demarcated in the north
by the Similea surface (1000 m), functioning
as bench valley within the remainder of the
Carpathians, is characterized by a relative
altitude of 100-150 and 150-200 m, with a
drainage density varying between 2.5
km'km2 and 8 km/km2. The Prahova
riverbed has a natural meander coefficient
that vanies between 1.2 and 1.9 (in 1980). The
present valley of the Prahova River is cut
down mainly from the level of the terrace 111

The slope rapport (Horton, 1945), deter-
mined using the formula rp=Se/Sg where rp
represents the slope rapport, Se - the thalweg
slope, Sg - the versant slope, is less than 0.5
and indicates the tendency of erosion within
the analyzed area. There 1s a direct relation-
ship between riverbed and slope, the changes
in the riverbed, and especially the increased
erosion caused by some man-induced base
levels along the river, bemng also present on
the slopes (Grecu, Comanescu, 1998).
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Fig. 4. Geomporphic map of subcarpathian Prahova Valley
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Table 2. Geo-tectonic analyyed samples

The protective dams and the dykes in the
Prahova riverbed, built by the "Apele
Romane/Romanian Waters Company” for
pipes and roads protection, required course
rectification and alluvia retention, increasing
the natural tendency of river hollowing along
this sector.

On the slopes there are still some fragments
of the upper terraces or parts of erosion glacis
as terracettes, situated on the outside of the
top of terraces (Armas, 1999). Only the top of
the terrace 11 presents a properly aspect of ter-
race, with maximum development within the
Breaza sector and Campina basin (here 1s a
confluence and contact terrace).

North of the Comu fault, within the Breaza
syncline, the terrace 11 develops on the right
side of the Prahova River, its left side appear-
ing mostly as benches affected by landshdes.

The Miron Caprow-the Etemitatii Street
landslides complex (the main landslide of
which will be named Miren Caproiu 1) mold-
ed a large basin on the southernmost part of
the Breaza terrace slope, just upstream of the

conglomerate bar that causes the Prahova val-
ley to narrow at the confluence of the Saracila
Valley (the Brebu conglomerate bar).

3.2, Structural-tectonic and lithologic ele-
ments. Breaza-Frasinet syncline structure
(continued eastwards by the Slanic syncline),
intersected by the Prahova valley almost at
right angle between the Belia valley and
Breaza railway station, is the main structural
element.

The syncline is a normal fold with equally
developed flanks; in long profile, it is gener-
ally subsiding ecastwards. The northern flank
of the syncline is transgresively deposited
over Upper Cretaceous and Paleocene forma-
tions, Within the southern flank, over the
Paleocene strate, there are the Brebu con-
glomerate strata, dating from Burdigahian,
with an estimated thickness of 350-330 m,
The two slopes of the valley do not present
symmetrical landslides. This is also true for
the two flanks of the syncline, as a result of a
syncline “sole”, at approximately 400 m,
where there are small vaults and micro
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depressions, having a major role in determin-
g the direction of landslide movements.

The “Striped Formation', dating from the
Upper Miocene, 800 m thick. deposited over
the Brebu conglomerates during the continu-
ous sedimentation process, fills up the syn-
chine. From a lithologic point of view, it is
made up of pelite (60-70 per cent) that alter-
nate with gritstones. Within the centimeters
thick stranfied, scale-hke or compact marl
and clay strata, as well as brownish compact
or centimeters thick marls strata, towards the
upper level of the series, there are pelites.
Gritstones form 0,10-0.30 m thick banks.
Locally, consolidated sands with medium
granulation and parallel lamination can be
found. Subordinately, there are also decime-
ters or meters thick, grit-like gypsum banks.
Only on the southern flank. at the upper side,
there are decimeter marl-like limestone strata
and levels of whitish-greenish tufa, 4-5 m
thick.

Analyzing the stratigraphic succession in
the lateral aperture of the Miron Caproiu |
landslide, we observe two levels of 0.25-0.5
m thick gypsum, enclosed by clayish and
gvpsum-like marls. They lie on reddish-
cemented sands with clayish films on stratfi-
cation. In the main mass of the landslide,
there are large arca covers with sands, stretch-
ing over many meters in depth; two samples
have been collected from here. At the bottom
of the apertures, there are very sandy marls
and compact, gray sands,

From the main landslide scarp, right under
the house numbered 66, samples from all
opened honzons were collected. Between the
gvpsum level and the marl-sandy one at the
bottom of the landslide scarp under this house
a lack of apertures was noticed on approxi-
mately 12 m.

The collected samples were geotechnically
analyzed in the Laboratory for rocks’
mechanics of the Geology and Geo-physics
Faculty (by Conf. Ing. Dr. Florica Stroia). The
geo-technical analysis of the sands points to a
fine, uniform sand, with a low hvdraulic con-

ductivity (sample 1, table 2); the clayish inter-
calation, 2-12 m thick. shows a fine sand,
containing up to 3 per cent clay, meaning that
it is a less permeable rock (sample 2).

The compact marl and sandy levels (sample
4) and marl levels (sample 3) are less perme-
able rocks, with medium plasticity,

The samples collected from the marl-clay-
ish level situated just under the terrace
deposits, in the scarp under the house num-
bered 66, point to a very plastic rock; it is fat
clay (sample 6). The consistence index corre-
sponds to a “hard” rock.

The charactenstic print indicates clay at the
“very active” limit. (These clays are sort of
“great swollen and contracted lands”). The
geo-technical indices lead to some inflatable
minerals - illit and montmonllonmt - whose
volume in¢reases if they should come in con-
tact wath water; when humid, the parameters
for resistance at shearing decrease a lot and
this lithologie level may become that on the
top of which the covering layers are shiding,
The fact that this type of rock 1s found imme-
diately below the level of terrace gravel
proves the low depth of the slide masses at the
upper part of the slope.

3.3. Genetic and morphological aspects of
the Miron Caproiu I landslide. From a
genetic point of view, the sliding process is
triggered by the imtial aperture, as a result of
collapses, of some small “gulfs” in the terrace
edge. The sudden falls cause the movement of
small rock masses, which are reorganized at
the bottom of the terrace edge. Subsequently,
a proper landslide develops, The slide mass
may push and even swallow the imtially col-
lapsed matenal. successively reaching the
extremity of the flood plain. The sliding takes
place on stratum facets, generating slope
cuestas in the first stage of evolution. The
areas at the border of the Breaza syncline are
in this phase of evolution, where the angle of
the strata is over 350, having greater propor-
tions and frequency especially on the north-
ern flank of the syncline. Given these situa-
tions, the river washes out and carries away
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the material from the toe landslide, thus
destabilizing the slope and activating the
landslide.

Within the studied perimeter, situated
upstream of the Breaza railway station, on the
southern side of the syncline, the initial scarps
have merged, forming amphitheatre type
gulfs. Taking into consideration the joining of
more open amphitheatre type scarps (the one
under the hospital, that aleng 66, the Miron
Caproiu Street) a landslide complex can be
defined, with distinct directions for the mate-
rial drainage (also a reflection of different
generations).

The main landshide, with the mass evacuat-
ed along the slope, at right angles with the
Prahova River, was named Miron Caproiu |
and mapped using 6,000 measurement points,
using a total station (Fig. 5).

The landslide is over 100 m wide at the
upper part, having a 10 m high active scarp
and a medium slope of approximately 300 m.
More than 29,000 sqm were affected by the
landslide, with an elevation difference of
72.17 m on a length of 369 m, over 1 million
cubic meters moved material in volume.

Analyzing the general morphology, there
appears to be a certain narrowness in the
lower third of the slide mass, downwards the
bench equivalent for the terrace I, since the
side landslides (the one under the hospital),
obliquely drained according to the strata ori-
entation, merge in this sector. (Fig. 5).

The detailed morphology points that the
direction followed by the slide mass is influ-
enced by the presence of two gypsum bench-
es, which form platforms that support and
guide the landshdes.

The collapsed matenal is reorganized at the
bottom of the scarp, pushing or laying on top
of the previous material, having the aspect of
sliding tongues tens of meter long, which end
with fromal shp-ridges, sometimes overlap-
ping each other. Within the upper half of the
slope, the slip masses are of rotational type.

At the border between ridges, there are

channels for water drainage, a chaotic
hydrography fed by the spring under the ter-
race gravel from the scarp under the house
numbered 66. These ridges favor the appear-
ance of puddles behind them, some of which
remain during the droughty period as well
(the sector of collecting waters from the mor-
phologic level of terrace I).

The left side (northern) scarp 1s also active
and gains altitude towards the edge of terrace
Il (from 5 to 15 m). At the bottom of the
scarp, there is an obvious furrow for water
drainage. A remnant bench of the terrace |
survives on the side interfluves, but it pres-
ents scarps and small slides, triggered by sud-
den falls.

In the slip mass, the level corresponding to
the morphologic alignment of terrace |
formed a stability surface, which is important
for two reasons. First of all, it is a local base
of erosion for the slides in the upper part of
the slope. Secondly, this morphological sur-
face is a joining sector of two landslide types
on the slope profile - the upper shides, trig-
gered by sudden falls as a result of some
spring drainage at the bottom of terrace grav-
el, and the lower ones, influenced by the lat-
eral erosion.

On the lower part of the slope, the slip mass
is characterized by a greater fluidity, generat-
ing large debris cones on the flood plain.

Since the Prahova River washcs away the
material of the toe slide, the process is reacti-
vated. To prevent that, researchers at CIFCA-
Ploiesti conceived, at the base of Miron
Caproiu | landslide, a gabion dam, 300 m
long, approximately 2 m high and 2-3.5 m
wide. Meanwhile, the lack of any drainage
favors water to accumulate behind the dam
forming some lakes during rainy periods, thus
maintaining and adding 10 the slope instabili-
ty. As there is a lack of coarse alluvia in the
flood plain, the locals have tore the gabions
net in order to supply themselves with stones
from these hydro technical equipping, which
they use for construction purposes.
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Fig. 5. Miron Caproin | landshide
4. Perspectives

The present equipping is not cnough, and
moreover, some is incorrectly placed or built.
As a short-term perspective, the perimeters
with instability nisk, favoring landslides along
the Breaza slope should be identified and

evaluated.

The slope stabilization implies interven-
tions using traditional methods, radical and/or
protective measures, as well as no trespassing
and construction interdictions.

In this respect, measures for the settlement
of the activities within the areas with instabil-
ity potential and masses of slip rocks, with
reference to the traverse process, kennel, pits,
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foundation digging and unauthorized con-
structions, which may lead to changes in the
natural regime of slope stability and free flow
of underground water.

The underground flowing regime, the vol-
ume and direction of which should be correct-
ly evaluated, is destabilized by the forced
water pumping in the underground strata
using an unprotected and uncentrolled system
of feeding pipes, the uncontrolled evacuation
of waste waters, the usage of inadequate
sewage systems, sometimes in bad repair and
outsized, or built for other purposes.

Thus, the uncontrolled drainage and inade-
quate transport on the slope should be
banned, as well as other elementary meas-
ures, such as restricted circulation and
removal of trepidation sources (although the
heavy traffic is not allowed on the Miron

Caproiu street, the rule is not respected),
elimmation of overloading the terrain with
buildings or deposits at the terrace extremity,
gaining a strict control of the activities within
this sector and banishing the depositing and
discharge of household waste and materials,
debris and industrial scrap on the scarp of ter-
race or depressions (various excavations,
holes, man-built ditches, as well as terrain
leveling actions). The responsible geotechni-
cal approval and endorsment for executing
septic holes and other constructions that stock
and spread water 1s thoroughly required.

At the same time, the functioning of the
water feed pipe from the Paltinu Lake for sup-
plying the town of Breaza with water, charac-
terized by a shortage of water supply, should
be monitored in the near future for destabi-
lization of slopes along its tract.
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Loess-related landforms in central and northern Dobrogea -
Romania
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Relieful pe loess si depozite loessoide din Debrogea Centrald 5i de Nord. In Dobrogea Centrald i de Nord, loes-
surile i depozitele loessoide au o mare desfasurare acoperind in cea mai mare méasurd relicfun mdividualizate pre-
ponderent inainte de Pleistocenul Superior. In Dobrogea de Sud si in cea mai mare misurd in Dobrogea Centrali
aceste depozite au o dezvoltare aproape continud de la Dundre la mare, in schimb in Dobrogea de Nord ele au ca-
racter discontinuu dar cu o concentrare importantd spre Dundare, in lungul vailor Taita i Telita $1 in depresiuni,
Grosimea depozitelor este diferita; pe viiile pnincipale, in lungul Dunarii si catre litoral vanaza intre 10 si 30 m, pe
cand pe imterfluvi s viile mai mici rar depdseste 5 m, aici frecvent suprafetele cu loess alterndnd cu areale in care
rocile paleozoice sau mezozoice apar la 71 sub forma de creste, virfuri sau platouri. Analizele mineralogice efec-
tuate au relevat predominarea mineralelor ugoare (80-90%) in raport cu cele grele (sub 20%), Reheful de sufozi-
une este alcamit din forme variate ca dimensiuni $i grad de complexitate situatii determinate de aleawirea depo-
zitului dar s1 de combinarea proceselor ce le generearza. Cele mai imporiante forme de relief rezultate sunt: trepte

de desprindere, puturi st hormun de sufoziune, hrube $1 tunele de sufozmne, v de suforiune, vai torentiale,

1. Characteristics of loess deposits in
central and northern Dobrogea

Loess and loessoid deposits are very
extended in this part of the country, covering
mainly the landforms individuahsed before
the Upper Pleistocene (outstanding are the
levelled surfaces of the peneplane, pediment
and depressionary hearth, the bottom of the
major valleys). While in the southern and in
most of the central parts of Dobrogea, these
deposits stretch out almost in a row from the
Danube to the Black Sea. in the north of the
province they are discontinueus, but shghtly
more concentrated towards the Danube,
alongside the Taita and Telita valleys and in
depressions.

Deposit thickness runs between 10 m and
30 m in the main valleys alongside the
Danube and towards the littoral zone seldom
topping this value in the interfluves and the
smaller valleys, where loess areas are fre-
quently alternanting with Paleozoic and
Mesozoic rock outcrops in the form of crests,
peaks or plateaus. Eolian loess deposits occur
on a small area of benches of divide, the pro-
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portion between their three components:
sands, clay silts and carbonates being fairly
close (20-40 %). Widely developed are the
loessoid deposits, which result from the accu-
mulation of fine-grained sands, clay silts and
carbonates on the Danubian slopes, in the
main valleys and in the depressions. They
originated from the loess found on inter-
fluves, the floodplain deposits of the Danube
and of the rivers crossing the north and north-
eastern parts of the plams, from the coastal
plain that used to extend far eastwards on the
present Black Sea continental shelf, as well as
from the materials yielded by the disaggrega-
tion and weathering of the rocks forming the
Dobrogean summits and plateaus (the petro-
graphic mosaic comprises Paleozoic and
Precambrian eruptive rocks and crystalline
schists, and varied Paleozoic and Mesozoic
sedimentary rocks).

The materials were transported cither by the
wind or by sheet and rill wash. On some of
the slopes (especially along the Danube and
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Fig.1. The mmeralogical composition of loess and
locssoad deposits of loess and loessoid deposits in
MNavodan point

towards the littoral zone), these deposits form
a continuous hine, on others loessoid deposits
alternate with older soil horizons (chemozem
or illuvial clay). While the former are sup-
posed to have piled up during the cold
periglacial phases (Ana Conea, 1970), the lat-
ter would have settled in the course of inter-
glacial or interstage episodes. So, the very
thick deposits from the external sides of the
plateau and from the slopes of depressions
would be the outcome of successive accumu-
lations of fine materials during the cold cli-
matic phases (periglacial) discontinued by
temperate ones which favoured soil formation
and the accumulation of clay materials
(through illuviation) towards the soil base. At
a general look, the deposits therefore might
seem homogenous, but in reality its make-up
and structure are not, hence the different
response to the action of external agents,

A special place have the clay horizons
which, behaving as discontinuities in the evo-
lution of slopes, impose a distinet dynamics
to each horizon.

The regional make up of loessoid horizons
shows some differentions. A common trait is
the dominance of silts (40-65%). What
accounts for regional distinctions is the share
of the other components. Thus, sand grains
(0.5-0.05 mm) occur on the slopes facing the
Danube and the valleysides underlain by
sandstone formations, Clay (20-30%) is
found largely in the deposits of regions.

Where magmatic rocks exist and their
weathering has facilitated its accumulation.
However, in the wake of selective deposits,
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Fig.2. The mineralogical composition of loess and
loessoid deposits of loess and loessoid deposits
Cemna points
clay may occur also inside some plateau
areas. The share of carbonates grows in the
Babadag Plateau and towards the coastal plain,
Some coarse grained, weakly rolled elements,
produced by the washing of disaggregated
materials, are gathered in the loessoid deposits
piled up at the foot of the higher summts.
Mineralogical assayings (V. Codarcea and
C. Ghenea,1976) have revealed that light
minerals (80-90%) are more numerous than
the heavy ones (under 20%). The first group
contains mainly quartz (30-40 %, depending
on the source of origin), feldspats (around
30%) and muskovite (under 30%). The sce-
ond group shows greater variation, listing in
principal the rocks that build up the summits,
where from weathered materials had been
washed away high they have a share in north-
ern Dobrogea rich in eruptive and crystalline
rocks that produced homblende, granates)
(fig. 1, 2). Variation is found also on the ver-
tical, from one horizon to the other. All these
characteristics are mirrored in the develop-
ment of morphodynamic processes, on these
formations, especially processes involving
water circulation.

2. Present - day morphodynamics

Present-day processes are governed by
some factors, influencing their genesis and
evolution. In what follows we shall outline
only the major ones:

- the make-up and succesion of loess and

fossil soil horizons. There are two important

aspects here: first the ratio between sand grain
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Photo 1. Detachment steps in Casimeda Plateau
fractions (= 0.05 mm) and clay fractions; with
silts (0.005-0.05 mm) being relatively con-
stant (45-60 %).

If fine grained sand is in excess water circu-
lates more easily, on the contrary more clay
renders it difficult; second, the variable num-
ber of fossil soil intercalations within the
deposit corresponds to as many levels with a
higher clay ratio. They would split the verti-
cal dynamic of water and differentiate pip-
ping and sinking by levels of compartiments.

- the system of slopes individualised by
these formations. There are the steep slopes
on which very active dynamics is going on,
and there are milder, slopes where water
seeps in, also slightly running on the surface.

- the land use pattern moulds on the
absence of an arborescent vegetation, semi -
horizontal surfaces are cultivated while steep
slopes are covered with grass.

- the climate features by long droughty pen-
ods, contributing to increasing the number of
fissures), heavy rainfall or days with few but
lasting precipitation (materials along the fis-
sures become noise often reaching down to
the clay horizons).

- the base of deposit is eroded by high
floodwaves, or lake- water waves.

S0, in terms of these conditions, present-
day modelling is, the outcome of rill-wash,
pipping, gullying (torrential events), rock and
soil-falls and sheet- wash associated locally
with abrasion or landshding and caving-in.
However, although the ensuing landforms
might suggest that the gencrating processes
had acted separately, in reahity they arc inter-

Photo 2. Small depression in loess-Casimeea Platean

conditioning and associating, giving nisc to
complexes that extend over vast arcas.

Pipping-induced landforms show a variety
of sizes and complexities shaped by deposit
built-up and the combination of generating
processes. These landforms are concentrated
on the Danube slopes and the shores of
Babadag Lake, in the sectors where the sand
or limestone silt fraction 1s higher. They
stimulate fast water circulation on the verti-
cal, widen the empty spaces and the cracks
produced in the droughty secason. Simple
forms have developed on banks under 5 m
high, where the deposit i1s dislodged and
reshaped. On slopes of 15-30 m, featuring by
several fossil soil levels, the situation looks
quite differently.

Detachment steps (photo 1) are simple
forms developed in the neighbourhood of the
slope edge or of the loessoid bank. In parallel
with the edge, dryness- induced cracks would
evolve along one or several alignments, a few
decimeters long, 1-3 ¢cm wide and under | m
deep. Their merging is accelerated by rain
water seepage and flow on the vertical over-
landflow, in this way crack become ever larg-
er, eventually reaching a fossil soil or a clay
honizon. As the loess grows damp, stability 1s
shaken and the loess package starts moving
If there are several alignments of cracks, the
fall of the loess packages gives rise o a suc-
cession of steps, that, in time, sink at the foot
of the slope, engendering a glacis of strongly
mixed materials (photo 2).

Pipping sinkholes and peaks form either in
the vicinity of the edge of slopes or at a small
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distance from the slope, where rain water
gathers on the semi-horizontal surfaces above
the slopes.

The water penetrates the loessoid deposit,
washes the carbonates and widens the voids
between sand particles, creating empty
spaces with tabular aspects (1-3 cm in diam-
eter) on the vertical. Subsequent evolutions
depend on the action of the water flowing
through these spaces, wrenching and dislodg-
ing sand and silt particles. As a result, empty
spaces will grow both in diameter and in
length. When reaching a low permeability
layer (fossil soil), progression on the vertical is
halted (especially if the layer is over 0.5 m
thick); in exchange there is increase in diam-
eter and formation of lateral discharge in the
fossil soil in the direction of the vertical slope
surface (where Iintermittent pipping springs
will emerge). Pits are usually 1.5-2.5 m deep
and 0.3-1 m in diameter.

They would appear isolated and ever small-
er in size towards the inside of semi-inter-
fluves. A special case make the step pits
(north of Turcoaia). They are found on slopes
featuring by several fossil clay soil horizons
separated either by over 1.5 m - thick loess
deposits, or by several steps formed through
the detachment of the loess packages. In
either case pits unfold along one alignment
alone, so that water penetration through the
upper hom, will gradually seep to the others,
establishing an evolutive link. Pits on piping
steps are frequently found on surfaces with
collapsed loess packages. When pits arc
neighbouring the edge of steps, they would
intersect, through widening, their steep step
surface, which collapses. The margin of the
pit is broken, the pit itself becoming visible
nearly throught out its length. Further more,
pits are subjected to rill-wash, cutting the
slope along their direction and creates mixed
forms, of piping and gullying.

Pipping caves and tunnels originaly piping
pits located a few meters away from the
slope edge are landforms of big size and
peculiar aspect. They would develop in over

2 m-thick loess layers situated above a fossil
soil horizon or a clay deposit. As precipita-
tion water erodes the pit walls, they widen
their diameter to get 1.5 m, engendering
caves (photo 3). But for the sector where
water 1s seeping, which often step- like,
walls remain steep. The bottom of the cave is
covered with sunken material, vet there is
also a hole facilitating comunication
between the cave and the underground water
discharge trajectories, representing galleries
a few decimeter to over 1.5 m in diameter,
developed in clay and loess horizons. The
product of the erosion of loess matenials by
the water flowing on the impervious bed,
these galleries, go from a few meters to sev-
eral tens of meters long.

Whole generations of caves can often be
seen. The recent most ones stand isolated,
several meters away from each other, They
would evolve towards cave margins, sectors
of sunken tunnels and pipping steps. The
biggest forms, of greatest complexity, occur
on the Danube slopes (Topolog, Turcoaia,
Vicareni - Garvan and Murighiol).

Pipping valleys vary in size and aspect with
the stage of evolution as pipping, sinking and
gullying combined in a distinctively different
manner. Pipping generated a network of
underground caves and tunnels along the
main directions of underground water drain.
Concomitently, on the surface, a part of pre-
cipitation water would build some shallow U-
shaped transversal fixed valleys. In a later
phase, as tunnels become bigger, the overly-
ing formations lose stability and collapse.
This gives rise to complex pipping valleys, in
which some sectors escaped collapsing (the
valley stands above, while the tunnel deep-
ened below it); others, in which the process
was fully completed (the tunnel becoming
part of the valley), or finished only in part
(often natural bridges would appear). As
such, the valley’s transversal profile differs
significantly from one sector to the other. The
simplest pipping valleys show a linear dis-
play, and are under 150 m long ).



Loess-related landforms in cemiral and northern Dobroges - Romania 75

: .“'r '* -
Photo 3. The Babadag Lake- loess-related landforms

— e e - p T

(o]

Photo 5. Gullies and torential erosion in Casimcea
Plateau

Their upper reach consists of one to three
small fixed valleys with incipient piping tun-
nels at the deep, and a lower reach that beeps
widenning progressively, the whole or part of
the tunnel outcropping in the wake of sinkings.

Piping valleys (photo 4) have a long evolu-
tion, and occupy most of the slope. They are
very big, occasionally over 500 m long and
more than 50 m deep, have an upper basin
formed of a system of simple pipping valleys,
extending to the interfluve by piping pits,
steps and alignments of cracks, all of which
indicate that the process is ongoing, The
median sector is a pipping valley deepened
displaying steep sometimes vertical and
through gullying (san under th action of
stream erosion torrential) walls, with active
detachement of loess in the form of steps and
recent most generations of pits and piping -
induced underground caves; on the other
hand, there are rich accumulations of loessoid
matenal sunken or carmed by torrents from
the previous sector.

Photo 4. Large valley in loess in Casimeca Plateau

Photo 6. The vertical slope in loess. Gullies in the
Caragu valley

The end sector of the valley 1s very large
due to the erosion of loessoid slopes by silted
water. Its flat floor, filded with sediment,
extends into the floodplain of the Danube and
the Topolog rivers in the shape of large but
flattened fans (the complexes of Saraiu,
Garvan, Murighiol and Emisala).

Torrential valleys show distinctive features
in terms of slope declivity and thickness of
the loessoid deposits. Gentle slopes, covered
with a thin loess layer are affected by rill-
mduced gullies which, merging togehther,
vield typical ravenes deepened into the bed
rock (photo 3, 6). The areas sheltering a thick
loessoid deposit, witness the later develop-
ment of torrential valleys, after intense pip-
ping processes had reached the bed rock
resistant to linear erosion. As a result, evolu-
tion will shift to the slopes which, through
pipping and soil falls, on the one hand, and
water torrents formed by heavy rainfall in
particular, on the other will retreat sideways.
The colluvial - deluvial glacis thus formed at
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the foot of slopes will extend to the accumu-
lations gathered on the valley floor. This
engender two situations, namely the extreme
widening of the valley through slope retreat,
followed by the accumulation of a thick layer
of sediment ( up to 5 m in some cases). As the
whole of the valley is widenig, it comes to
look hike a corndor extending from source to
outlet.

In some such valleys, the rapid deepening of
torrents has cut a new channel-bed deepened by
I -3 m mn the sediment sheet (in the upper basins
of the Topolog and the Casimeea valleys).

3. Regional differantions of modelling
processes in loessoid deposits

The regional and local differences in the make-
up and thickness of loessoid deposits trigger dis-
tinct modelling mechanisms. Two regional and
several local situations can be outlined.

The first regional situation refers mainly to
slopes on which there are thick loess accumu-
lations, and a sand fraction ratio close to 40%.
The surface of these slopes shows pipping
and gullying of the greatest complexity
(alongside the Danube River). The second
regional situation involves the interfluves
with thin loessoid deposits (under 2 m thick).
dominated by silts and clays. Pipping
processes are weakly represented, rare pip-
ping funnels and dislocations occurring only
in places where torrents or brooks have cut
deep down (most of the Casimceea Plateau the
south of the Tulcea Hills, on the Taita and
Telita valleyside slopes).

Local situations point to a enhanced or sta-
tionary pipping dynamic largely under the
impact of human intervention (excavations,
road-building, terracing), lacustrine abrasion,
stream erosion meander - induced (concavitics
by the Danube or the other rivers meanders).
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Procesele de ravenare din Podisul Secaselor

Mana SANDE

Cuvinte-cheie: procese de ravenare, formagium torentiale, degradarea terenunlor, Podisul Secaselor.

Gullying processes in the Secase Plateau. The relatively homogeneous environment of the Secage Plateau
accounts for dispanties in the frequency and intensity of gullying processes. The lithological substrate, hitle
varied (Fig. 1), the heavy rainfalls and the human activity favour the development of these processes. Deep
erosion - inc luded gullving 1s sigmficantlly invelved in the degradation of slopes, with negative consequen-
ces for their utthisation. A knowledge of the evolution of ensuing forms and the assessment of their develop-
ment stage call for measures to stop this on going process. The numerical inventory of ravenes, of their size,
density, type and position was achieved by field investigations (conducted in 1977 and resumed in 1986 and
1997} in the drainage basins hierarchised according to the Horton-StraWer system (Fig. 2). In order 1o cor-
rectly assess the intensity of gullying processes generating rills, gullies (2-5 m deep) and ravenes (over 5 m
decp). lithelogical, structural and morphological variables were taken into considerations, and iHustrated by

three case=studies (Fags. 4, 5, 6)

Introducere

Mediul natural relativ omogen al podisului
Secaselor imprima diferentien: in frecventa si
intensitate a proceselor de ravenare. Substra-
tul litologic pufin varat, relieful cu accentua-
th energie si fragmentare, precipitatiile cu ca-
racter torential din sczonul cald 51 activitatile
antropice favorizeaza dezvoltarea proceselor
de ravenare. Formatiunile torentiale' rezulta-
te prin eroziunea in adancime, asociate frec-
vent cu alunecarile de teren, au rol important
in degradarca versantilor, ¢u consecinte ne-
gative asupra utilizini terenurilor. Cunoaste-
rea particularitatilor geometrice ale formelor,
precizarea stadlui lor de evolutie $1 degra-
darea terenurilor impun lucrin de restaurare
s1 reconstructie ecologica. Ca urmare, intr-o
prima ¢tapd ne-am propus studierea concor-
dantei intre factorn care influenteaza dezvol-
tarca formelor rezultate prin actiunea inter-
mitentd a scurgerii concentrate pe versanti. In
acest context, iInventarierea ogaselor $1 rave-
nelor ca numir, dimensiuni, frecventa, tipuri,
pozitie a fost posibila pe baza cercetarilor de
teren efectuate in 1977, reluate in 1986 si

1997 in bazinele hidrografice ierarhizate in
sistemul Horton-Strahler, concretizate in stu-
diile de caz.

1. Factorii care influenfeaza procesele de
ravenare

Studiul proceselor de ravenare si al formatiu-
nilor torenfiale s-a axat pe corelatii intre varia-
bilele intrinsece (substratul litologic, structura,
particularitagl climatice, stadiul actual de evo-
lutie a reliefulut) 51 variabile extninsece (despa-
dunin, destelenmin, suprapasunat etc.).

Substratul litelogic alcitunt din roci predo-
minant {friabile favorizeaza procesele de rave-
nare, pedisul fiind sculptat in cea mai mare
parte in roci atribuite Pannonianului, dispus
intr-un  monoclin cu inclinare generala
SV-NE (Fig. 1). Pannonianul este constituit
dintr-un complex bazal reprezentat prin mar-
ne cenusn albdstrui, argile sistuoase §i prin-
tr-un complexul detritic, in partea superioara,
format din nisipuri cuarfoase, nisipuri, mica-
cee, pietrisuri in alternantd cu mame §1 argile.
In partea de NE a podisului apare Sarmatianul

' Termen folosit pentru a desemna totalitatea formelor: rigole adancite pina la 0,80 m; sanfuri de eroziune (1-2 m);
ogase (intre 2-5 m) 51 ravene (peste 5 m adancime); torenti, generate de croziunea in adincime.

Revista de geomorfologie a6, 2008, g 77-85
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Fig. 1. Podisul Secagelor. Harta morfostructurala si morfolitologica. 1. Holocen (aluviuni actuale
ale luncilor): 2. Pleistocen Superior (lerase: pietrisun, nisipuri, sol); 3. Pannonian (nisipuri, argile,
marne, gresii); 4. Sarmatian (gresii, nisipun, mame, tufuri); 5. Oligocen (argile, mame, gresii, sis-
tun disodilice); 6. cristalin; 7. cueste; 8. directia si inclinarea stratelor.

pe alintamentul Cenade-Sorostin $1 in SV, in
bazinul hidrografic Daia,

Este format din mame vinete-cenusii cu inter-
calatn de msipuri s1 gresii slab cimentate s1 din
tufun dacitice cenugiu-albuni, a caror grosime
variazd de la cativa centimetri la cativa metri.
De asemenea, in extremitatea vestici a podisu-
lur apare 51 Oligocenul, aledtuit din argile, mar-
ne, gresn si sistun disodilice (Vancea, 1960).

Din punct de vedere climatic, regiunca stu-
diatd aparfine tipului temperat-continental,
cantitatea medie multanuald de precipitatii
fimd de 550-600 mm. Precipitatiile cu carac-
ter torential din sezonul cald mai-august in-
deplinesc rol morfogenetic insemnat in dina-
mica ravenelor. Ani excesiv de ploiosi 1970,
1971, 1975, 1984, 1990, 1991, 1998, 2000 au
intensificat eroziunea si reactivat alunecarile
de teren de la Cut, Boz, Hasag, Alamor, Man-
dra, Sorostin, Cenade etc.

Activitagile antropice prin despadurin, des-
teleniri, pasunat irational $i extinderea terenu-
rilor arabile pe versantii inclinagi (15-20°) au
accentuat aparitia §1 dezvoltarea proceselor de
ravenare. In prezent, 64% din suprafata podi-
sului are destinatic arabila; pasunile i fanete-
le detin 19,2%, urmate de vii si livezi 2% si
vetre de asezan 2,5%. Padurile extinse odi-
nioard, in prezent ocupa numai 12,3%, fiind
intdlnite sub forma de petice pe cumpina din-
tre cele doua Secase, in sudul Podisului Am-
nasului (partea de SE si E a Podisului Secase-
lor) si la baza versantilor.

Alt factor care trebuie luat in considerare
este stadiul actual de evolutie a reliefului de
care depinde energia reliefului, forma, decli-
vitatea 51 lungimea versantului. Relieful evo-
luat al podisului s¢ impune in peisajul geo-
morfologic prin suprafetele de nivelare Am-
nay, cu altitudine absolutd + 600 m 51 Seca-
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Fig. 2. Hara terarhizdnii retelel de drenaj din Podisul Secaselor. A, eursun ierarhizate de Ja ordinul
¥l B 1, cumpene de ape de ordinul FI: 2, cumpéna apelor dintre Mures 51 Olt; 3, ravene de

selor, de 500-550 m, scazand pe alocuri la
480 m (Posca, 1969, Sandu, 1999) si cuestele
de pe dreapta celor doud Secase precum si
cele de pe partea stanga a raurilor subsecven-
te Hedel, Hasag, Alamor ctc. Energia reliefu-
[ui variazd intre 50 s1 150 m, densitatea frag-
mentdrii intre 1,3 $1 4,1 km/km2. Fersantii cu
declivitani de 15-30° sumt predominanti
(50%). La obarsia bazinclor secundare afe-
rente celor doua Secase 51 pe abrupturile mor-
fostructurale sunt valori de peste 55% (20%).
Valort mici de 5-10° (20%) apar pe suprafata
glacisurtlor coluvio-proluviale de la baza ver-
santilor $1 scad sub 3° (10%) in lunci sau pe
culmile nivelate ale podisului

2. Repartitia ravenclor

Eroziunea de suprafata i in adancime sunt
procese frecvent intdlnite in Podisul Secase-
lor. Acestea sunt asociate cu alunecarile de te-
ren, avand rol important in modelarea versan-
tilor din partea de NE si de E a podisului, res-
pectiv in jurul localitaulor Cenade, Sorostin,
Hedel, Hasag, Alamor sau pe lawra sudica, in
parteca mediana a versantilor din bazinele afe-
rente Secasulm Mare: Drasov, Boz, Cut, Ludos
ete. Cercetanle efectuate in 1977, reluate in
1986 51 1997, au fost concentrate asupra for-
matiunilor torentiale in bazine hidrografice ie-
rarhizate in sisternul Horton-Strahler * (Fig.2).

In functie de pozitia pe care 0 ocupa ravene-
le in cadrul bazinelor hidrografice sunt identi-
ficate doud categorii: de obargie si de versant.

* Potnvat clasificari Horton-Strahler, folosindu-se harile topografice la scara | @ 25 000 si cartarile de teren, ce-
lor mai mici forme care orienteazd scurgerea pe versant li s-a atribuit ordinul L Freeventa talvegurilor elementa-
re pentru Podisul Secagelor este de 2,45, Valoarea obtinutd prin calcul pe baza mportului de confluenta (Re), pen-
tru cursunle de cel mai mare ordin, cste de 1,08 si releva gradul de ramificare a retelei hidrografice, asigurind
suficiente segmente de riu de ordine inferioar) pentru realizarea ordinulut VI pentru bazinele Secasului Mare si

Secasului Mic,
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Indiferent de pozitia pe care o au ravenele in
cadrul bazinului hidrografic, am remarcat ca
viteza de retragere a obarsiilor ravenelor de-
pinde direct de distanta de la virful ravenei
pana in cumpana bazinului hidrografic si de
cantitatea de precipitatii de peste 12 mm ca-
2utd in 24 de ore. (Seginer, 1966; Balteanu,
Taloescu, 1978; Poesen, Govers, 1990; Maria
Radoane s1 colab. 1988; 1999 etc).

3. Studii de caz

Studiile de caz analizate se referd la proce-
sele de ravenare si incearca sa releve totodata
particulanititile geometrice ale formatiunilor
torentiale, functie de variabilele de ordin mor-
fologic, litologic si structural.

A. Ripa Rosie este situatd pe versantul
drept al Secasului Mare, o cuesti cu energie
de relief de 150 m gi declivitati de 50-70°, pe
alocuri 90°, Substratul litologic este constituit
din depozite detritice, o alternanta de argile
rosii, gresi cenusii, gresii albe friabile, marne
rogii-caramizii, mamme calcaroase albe, Con-
lucrarea in timp i spativ a eroziunii di-
ferentiale, a proceselor de sufoziune si tasare
$1 a prabusirilor a creat un microrelief aparte
de tip badlands. Complexitatea reliefului este
datd atat de prezenta ravenelor si ogaselor
aflate in stadii de evolutie diferite, cit si de
turnuri, coloane, varfuri conice, brine si
creste de intersectie (Fig. 3). De asemenea, in
perimetrul ripei apar in succesiune lineara (in
sensul pantei) pélnii de sufoziune cu diame-
trul de 0,50-2 50 si addncite pdni la 3 m. Ge-
neza palniitlor de sufoziune este diferita. Me-
canismul fermirii acestora a fost expus inca
din 1962 de V. Trufas, care arita ci: “uncle
s-au format prin tasare, pe masura dezvoltirii
procesului de sufoziune chimicii si mecanica,
iar altele prin pribusire, dupa ce sufoziunea a
creat un gol subteran” (p. 38).

[ndiferent de geneza palniilor de sufoziune,
evolutia ulterioara se realizeaza prin largirea

~ Maria SANDU

provocata de procesele de surpare a malurilor
$1 scurgerea concentratd care asigurd transpor-
tul materialului. In naturd, insa, este dificil de
apreciat ¢at apartine procesului de sufoziune si
cat celm de tasare, motiv pentru care aceste
forme sunt considerate, ca rezultat al combi-
niirii proceselor de tasare si sufoziune; de alt-
fel, alternantele sectoarelor inguste cu cele
largi, din cadrul ravenelor, releva ca cele mai
largi s-au format prin jonctiunea pélniilor de
sufoziune (Fig. 4.), odata cu disparitia prin
prabugire sau eroziune a podurilor suspendate.
Complexitatea formatiunilor torentiale de la
Ripa Rosie”, poate fi urmarita de-a lungul cu-
estei pe o distanta de 800 m, continuandu-se pe
circa 500 m cu cele de la Rapa Lancramului.
B. Bazinul Mesteaca are o suprafatd de 9,5
kmz. perimetral de 13,7 km, indicele de for-
ma 0,72 si ordinul de marime III. Este un ba-
Zin asimetric; versantul sting al paraului
Mestecii este o cuestd cu expozitie sudica,
avand energia de relief de 50-100 m i incli-
niri de 45-75°. Versantul drept, cunoscut sub
numele Dealul Rupturilor, este suprafata
structurald cu expozitie nordica, avind ener-
gia reliefulul de 50-70 m si declivitati de
15-35° Bazinul este sculptat in formatuni
pannoniene friabile, o alternania de mare ni-
sipoase cu intercalati de argile si nisipuri mi-
cacee favorabile modelarii prin procese de
eroziune. Ravenele si ogagele dezvoltate pe
suprafata structurala sunt dispuse in retele pa-
ralele iar in profil longitudinal sunt continui
(Fig. 5). Stimularea eroziunii este datoraté pa-
sunatului intensiv iar substratul litologic le-a
imprimat particularitati distincte, Astfel, rave-
nele au lungimi cuprinse intre 600 si 800 m,
s1 sunt adancite intre 5 51 8 m, Procesele geo-
morfologice sunt diferentiate, Malul sting al
ravenclor este afectat de intense procese de si-
roire, formand un relief de tip bandlands; cel
drept se caracterizeaza prin naruiri si alune-
cari sub forma de lob sau, “cuiburi”. Toate

* Diversitatea formelor de mare imporiantd stiintifica si de o rard frumusete peisagistica a constituit obiectivul
includerii in categoria rezervatiilor naturale potrivit Decretului 237/1950, apoi denumita rezervatie geologica si
geomorfologica, prin Decizia 17/1969. Degi, In anul 1981, mstitutul de Geografie al Academiei Romane a pro-
pus-o ca rezervalie complexd, dispunind §i de o flord deoscbit de interesanta prin exemplarele endemice, stepice
si medicinale (Raulea, 1980), potrivit Legii 5/12 aprilie 2000, Ripa Rosie este desemnata in continuare ¢a rezer-

vatie geologica 1 geomorfologica,
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Fig. 4. Ripa Rosie (A). Versantul dreptal Secagului Mare afectat de procese intense de ravenare. I; 1, abrupt peste
50 my; 2, abrupturi de 5-10 m; 3, ravene; 4, pilnu de sufoziune; 5, alunecdri active; 6, con de dejectie; 7, glacis;
R, lunci, Maria Sandu, 1997, 11, pilnii de sufoziune (sus) si profil longitudinal jos), dupa V. Trufas, 1962,
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Fig. 5. Bazinul Mesteaca (B). 1, Cuesty; 2, ecroziune in suprafaty; 3, ogase (2-5 m); 4, ravene (=5m); 5, praguri
de integrare; 6. aluneeiin active; 7, aluneciri fixate, B, con de dejectie activ; 9, limita bazinului.

cele opt ravene au varful sub formi de lance,
prezintd 1 pana la 3 ramificatii, iar distanta de
la virful ravenelor pana in cumpana bazinului
vanazi intre 30 g1 150 m. Amunte de virful
ravenel, eroziunea regresiva este puternica,
iar pragurile de integrare sunt adincite intre
0,30 i 0,50 m (fig. 5).

Dezvoltarea i evolutia ravenelor a dus la
degradarea puternici a versantului, la reduce-
rea suprafetei utilizati ca pajisti, impunin-
du-se lucrdri de reconstructie ecologica prin
refacerea stratului ierbaceu.

C. Bazinul Réura situat la sud de localita-
tea Topircea are ordinul de marime 111, o su-
prafata de 9 km?, perimetru de 13 km iar indi-
cele de formd 0,73. Litologic, bazinul este
sculptat in roci cu continut mare de nisip in al-
ternanta cu pretrisun atribuite Pannonianului.
Cercetirile de teren din 1977, 1986 51 1997 re-
leva evolutia formatiunilor torentiale (fig. 6,
1). Astfel, in anul 1977, eroziune a in talveg a
Raurei era dominanta morfogencticd impor-
tanta. Partea superioard a bazinului Raura, de-
limitatd printr-un abrupt de 80 ~ 100 m altitu-
dine relativa si cu dechivitinn de 50 - 70°, era
puternic fragmentat de numeroase rigole. in

acest stadiu incipient de eoziune discontinua,
rigolele prezentau in profilul longitudinal nu-
meroase praguri de 0,50 m, iar in secfiune
transversala aveau forma literei “V". De ase-
menea, in partea mediana a bazinului, pe am-
bii versanti ogagele erau adincite pani la 3 m.

Dupa 9 am, modificirile in peisajul bazinului
erau evidente. Procesele de eroziune s-au in-
tensificat, hind favorizate de substratul litolo-
gic, de precipitatiile din anii excesiv de ploiosi
1981, 1984 si 1985 51 de gradul de inclinare a
versantilor, ogagele transformindu-se in rave-
ne adincite intre 10-15 m. In acest stadiu de
formare a ravenelor discontinui s¢ conturase
bazinul de receptie. Ravenele aveau rapa de
obirsie abruptd, instabild iar malurile erau
afectate de naruin. Eroziunea regresiva a obar-
silor a dus la alungirea lor. in aval, iar evolu-
tia lor era dependenta de nivelul de baza al
Raurel. Amonte de aceste ravene, erau nume-
roase rigole cu eroziune puternica in talveg si
praguri litologice variind intre 0.50 si 0,60 m.

In 1997, prin unirea sectoarelor suspendate
de pe versant, ravenele discontinui s-au trans-
format in ravene continui. Ravencle din bazi-
nul Raura, dezvoltate pe un substrat nisipos,
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Fig, 6 Bazinul Riura (C). Evolutia ravenclor /- 1, abrapt peste 30 m. 2, abrupt de 25 m: 3, abrupt de 10 m: 4, ngole cu croviuse in
talveg §i inaimarcs regresivi o obirgici; 5, ogage (2-5 m); 6. ravene (=5 mY 7. pragun de integrare; 8 conuri sctive, 9, limita bai.
nului ff, Curba hipsometricd procentails o bagimulon Rbura
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prezentau lungimi de 400-550 m $i adancinm
pand la 20 m. Erau ravene simple, cu unul, cel
mult doud virfuri sub forma de lance. Pragu-
rile litologice de 0,50 si 0,70 m indicau retra-
gerea spre partea sudicd a bazinului Raura, pe
misura adancirii ravenelor spre nord. Integra-
la suprafeter actuale de 0,71 comparativ cu
cea a suprafetei initiale de 0,85, releva aspec-
tul convex al curbel hipsometrice procentua-
le, ceea ce inseamnd ca patru cincinm din
masa reliefului solid din bazin se pistreaza.
Cercetdrile de teren intreprinse aratd ¢a ver-
santii s¢ afld intr-un stadiu de relativa unere-
te in care procesele de eroziune in adincime
cu ritmuri § intensitdti variate sunt in phind
desfasurare (fig. 6, I1).

Evolunia ravenelor din bazinul Riura releva
o succesiune de stadii, in cadrul carora rapor-
tul dintre procesele de eroziune, transport §i
acumulare are valori diferite. Indiferent de
numirul s1 denumirea acestora — stadiul in-
cipient de eroziune discontinud, stadiul de
Jormare a ravenelor discontinue, stadiul de
integrare a ravenclor discontinue in ravene
continue $ stadiul de realizare a profilului de
echilibru dinamic — (Bilteanu, Taloescu,
1978; Mac, 1986; Radoane si colab. 1999,
Sandu, 1998 etc.) reflectd continutul lor dife-
rit in functie de conditia geomorfologica loca-
li. Formatiunea torentiald si bazinul siu de
receplie funclioncazi ca un sistem deschis,
caracterizat prin tendinta continud de realiza-
re a echibrului dinamic, Acesta se realizeazi
printr-o crestere alometricad (Woldenberg,
1968). Dupd modul de abordare, studiile de
alometrie sunt de doud categorii:

- studn de alometnie dinamica, cind prin
masurdton succesive in timp, urméarind lungi-
mea unel ravene in raport cu suprafata aceste-

1a 1 comparind ratele de crestere, precizam
care din aceste dimensiuni are un ritm mai ac-
celerat;

- 0 altd categorie de studii mult mai extinse
sunt cele de alometrie statica, ce au in vedere
seturi de masurdtori individuale asupra for-
melor si proceselor, pentru a depista ratele de
schimbare in ansamblu, fard a tine seama de
dezvoltarea fiecdirei forme. Se impune insa a
preciza faptul ¢ regulile alometriei se aplica,
deocamdatd, numai la date dimensionale $1 la
relatiile de uip putere dintre vanabile (Zivoia-
nu, Sandu, 1994).

Concluzii

» in Podisul Secasclor, aparitia si dezvolta-
rea proceselor de ravenare sunt favonizate de
substratul geologic, conformatia majord si de
detaliu a rehicfului, de frecventa si caracterul
precipitatiilor, ca si de activitatile antropice.

« Bazinele hidrografice prezemtate ca studiu
de caz au fost considerate ca sisteme deschi-
se, in care au loc in permanentd schimburi de
materic §i energic cu mediul inconjuritor,
concretizat in bilantul geomorfologic §i ten-
dinta continua de realizare a echilibrului dina-
mic al versantilor.

* Freeventa s1 dimensiunea formatiunilor to-
rentiale contribuie la degradarea solului cu
efecte puternice pe termen lung. in acest con-
text, se impune continuarea cercetanlor in ve-
derea monitorizirii deopotrivi a proceselor
de eroziune in adincime $1 alunecarilor de te-
ren cu consecinte asupra instabilitdtin versan-
tilor, a elabordrii hirtii riscului gecomorfologic
$i precizarea arcalelor care necesita lucrian de
ameliorare $i reconstructie ecologica.
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Factorii specifici si dinamica proceselor de deplasare in masa
de pe versantul drept al Sucevei — sectorul dintre Paraul Scheia si
Péaraul Cetatii

Costica BRANDUS”, lonut CRISTEA”, Virgil GRADINARU™

Cuvinte-cheie: cauze specifice, mecanismul alunecinlor

Our papers wants to be a contributionto the study of the mass movement processes affecting the slopes of the
Zamca Plateau, in the limits of the city Suceava. We had in view the cuestafrom the right side of the Suceava
river, known from the previous researches as a major risk area, because of the occurrence of massive landslides
{Martiniuc §i Bacauanu, 1960; Dinu 51 Cioacd, 1997). Base on the knowledge of the favorables factors specifics
for the studie darea and on the rezults of the measurements concerning the rainfall quantities and soil tempera-
ture we did an interpretative analivse of the intime mechanism of the deluvial cover movement, of the vanation
of the movement intensity in difeferent time period. We concluded that there is a certain lack of concordance bet-
tween the rainfalls and the mass movement, also we could determine that the speed of those movements increses
from depth to surface, where the pseudosolifluctions are the main processes.

Studiul unor fenomene de risc geomorfolo-
gic, curn sunt alunecarile de teren de pe ten-
toriul orasului Suceava, reprezintd o actiune
complexd si ocarecum dificila. Presupune
efectuarea unei analize detaliate a acestor
procese de deplasare in masa si identificarca
unor cauze specifice, in scopul cunoagterii $1
combateril fenomenului, Exista si o lawra
practicd a demersului, care, avand in vedere
vechimea si proportiile pe care le imbraca
aceste procese, nu trebuie deloc neglijata.
Versantul drept al raului Suceava, din
intravilanul municipiului omonim, la care ne
referim, asigurda legatura dintre principala
zona rezidentiala a orasului, situata pe platoul
structural al Zamcai, si platforma industriala
Burdujeni — lteani, din lunca Sucevei. Pe el
sunt situate drumurile nationale 2 (5tr.
Cernauti) s1 29 (Str. Unirii), conducte de ter-
moficare, linii ale retelei de energie si teleco-
municatii precum §i numercase “cladin
usoare  cu reteaua stradala aferentd. Din
punct de vedere geomorfologic, versantul
este 0 cuestd, cu o pantd medie de cea 17° 51
o expunere generaldi catre nord-est.
Principalele procese denudationale sunt cele
de deplasare in masa (alunecarn de teren), care

Revista de geomorfologie ne 6, 2004, p. §7-93

dau si nota specifici morfologiel versantului.
Se remarca, astfel, o alternantd de cornise (de
5 -10 m inatime) secundare, cu pseudoterase,
monticuli 1 areale depresionare de baltire
(Fig. 1, Tabelul 1).Cu pericade active s1 de sta-
bilitate relativa, aluneciirile de pe versantul
drept al riului Suceava au o indelungata isto-
rie. Cel mai probabil, sunt de varsta holocena,
desi conditii  favorabile producern de
alunecari au existat, desigur, inca dm
Pleistocen, in special in interglaciatii. Cea mai
veche alunecare cunoscutd (in urma unor
informatii culese de la localnici, verificate pe
teren prin foraje si mentionate in studiile de
specialitate) este cea din 1912, produsa in
urma unei perioade de ploi abundente, care au
durat circa 8 zile. Alte perioade de reactivare a
cormisel platoului Zamea sau a deluviului
vechi corespund anilor 1939-1940, 1963-
1966, 1968-1970, 1996-1997, 2001-2003.
Dupid cum se poate observa, reactivarile se
produc aleatoriu si au durate medii de 2-3 ani.
Analiza ansamblului de informatii de care
dispunem permite evidentierea cauzelor ge-
nerale s1 specifice care au stat la baza
declansari proceselor 5i totodata a celor care
favorizeaza recrudescentele periodice.
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Fig. 1. Model digital al platoulul Zamea si al versantului drept al Sucevel
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| Neuniformitatea versantului (Uv) 0.8
| Magnitudinea fragmentarii (Mf) | 1,68 kmvkm?

Tabelul 1. Principalele caracteristici morfometrice ale versantului drept al Sucevei

Alcituirea geologica (litologia). In arealul
versantului drept al raului Suceava, asacum a
putut fi observat din foraje, din deschiderile
naturale §1 din cercetinle geologice, apar
depozite sedimentare de virstdi Sarmatian
inferior (volhiniand) acoperite, in majoritate,
de depozite de varstd cuaternard, de origine
eluviala si deluviala,

Sarmatianul a fost interceptat prin foraje la
diverse adancimi, ceea ce denotd grosimea
diferita a materialului deluvial in diverse sec-

toare ale versantului si istona relativ complicata
a alunecarilor de teren de aici. In general este
reprezentat prin gresii i argile mamoase.
Alternanta de strate argiloase, impermeabile, cu
strate nisipoase, permeabile, din cadrul acestor
depozite reprezintd una din conditiile de baza
ale producerii alunecarilor (Tabelul 2).
Cuaternarul cuprinde o varietate destul de
mare de tipuri granulometrice, intre care ter-
menil predominanti sunt argila nisipoasa §i
nisipul argilos, alternanti ce favorizeaza exis-
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Adancime (m}
12.90
31.40
22,00
1510

= 22.65 | =

e 70
29.00

Argila marmoasa cenusie-oliv
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Argila neagr'_é.._urmaté de argila mamoasa oliv
Argild marnoasa galben-oliv
Gresie galbuie-cenusie, durd
Argila marnoasd cenusgie-cliv

Gresia

Argila marnoasa cenusie

Tabelul 2. Variatia pe verticali a litolopici depozitelor sarmatiene

tenta unor panze de apd suprapuse.

Prelucrarea datelor obtinute din analizele
granulometrice efectuate pe probele prelevate
din forajele geotehnice executate de [S.PLF.
(1967), tinnd cont de forajul 51 de adancimea
de prelevare a fieciarer probe, sugereaza o
zonare pe verticald a materialului astfel:

- majoritatea probelor prelevate de la
addncimi situate pand la circa 10 m, fac parte
din grupa argilelor si luturilor loessoide.
Aceste materiale prezintd coeficienti de per-
meabilitate redusi, plasticitate ridicata si
umiditati naturale peste 20 %;

- ¢ele mai multe probe provenind de la
adancimi mai mari de 10 m, indiferent de
amplasare si de cota forajului, fac parte din
grupa nisipului argilos, nisipului prafos si a
nisipurilor. Aceste probe sunt mult mai per-
meabile si cu plasticitate redusa.

Numarul mare de foraje executate pe ver-
sant, incepand din anii 1960 si pand in
prezent, a permis, in acelast timp, localizarea
unor suprafete de alunecare active, caracteris-
tice jumatatii superioare a versantului, pand la
Strada Cernauti. Conform celor mai recente
date, acestea se situeaza intre 7 si 35 m
addncime, mai jos decit cele mentionate de C.
Martiniuc si V. Bacauanu in 1960 (3 -10 m).

Morfologia de detaliu a versantului, in
care se individualizeazd microdepresiuni §1
cornise secundare de versant, favorizeaza
adunarea temporara a apei si supraumectarea
acestuia,

Caracteristici topoclimatice. Cantitatea
medie anuald de precipitatii (570 mm), ca s
regimul acestora constituie factorul care
favorizeaza in cel mai inalt grad procesele de
versant, Daca precipitatiile nu depasesc prea
mult valorile medn inregistrate in regune,

daca sunt repartizate oarecum uniform in
timp, iar infiltrarea apei in sol nu intrece posi-
bilitatea drenarii subterane, atunci se
pastreaza echilibrul fortelor care actioneaza
asupra versantului. Imediat insd ce alimenta-
rea cu apa a solului depageste capacitatea sa
nommald de inmagazinare $1 drenare, coezi-
unea rocilor scade si alunecdrile devin imi-
nente. Asemenea situatil pe versantul drept al
raului Suceava au fost inregistrate in anii
1912, 1929, 1939-1940, 1969-1970, 1996-
1997, 2001-2002 — ani in care media multian-
uald de precipitatii a fost depasita.

Faptul ca versantul are o expozitic nord-estica
influenteaza mai ales variatille regimulu
caloric si hidric, frecventa si intensitatea pro-
ceselor de inghet-dezghet. Temperaturile
scazute determina o evapotranspiratie redusa
si persistenta stratului de zapada o perioada
mai lungd de timp, ccea ce contribuie la
supraumectarea versantului §i la cresterea
riscului de producere a alunecarilor de teren.

Apa subterana. in raport cu structura geo-
logica si alcatuirea petrografica a depozitelor
in care sunt acumulate, apele cantonate in
regiunea platoului Zamea §i a versantului drept
al rdulul Suceava pot fi impartite in trei mar
grupe: - ape situate in intercalatiile nisipoase
din depozitele sarmatiene, cu caracter captiv,
situate la diferite adancimi (intre 20 51 100 my),
respectiv la altitudini absolute cuprinse intre
359 i 280 m; - ape situate in baza depozitelor
eluviale cuaternare, caractenzate prin prezenta
unui strat acvifer freatic situat la adancimea de
10-12 m (la circa 370 m altitudine absoluta, in
dealul Zamca); - ape cantonate in depozitele
deluviale de versant, intdlnite la addncimi vari-
abile, de la 3-4 m pana la 0,5 m si chiar la
suprafata, sub forma de baltiri.
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Caracteristica ultimel jumatati de secol este
cresterea continud a nivelulur freatie. Astfe]
daca in perioada 1960-1970 nivelul freatic se
situa, in apropierea cornisei, la eca 30 m
adincime, in prezent el se ndica la 13,8 m. Se
apreciaza faptul cid acestd ridicare spectacu-
loasd a mivelului apel subterane pe platoul
Zamca se datoreaza in principal pierderilor
din retelele de alimentare cu apa si termofi-
care aparute ca urmare a extinderii orasului,
in plan secundar alte cauze ce au determinat
ridicarea nivelulur hidrostatic ar fi: astuparea
unor paraie cu rol drenant, obturarea unor
tzvoare de pe versant datoriti constructiilor
edilitare, diminuarea evapotranspiratiei prin
acoperirca suprafetei topografice cu retele de
drumuri, cladin ete.

Apa de suprafata, reprezentati pe versant
prin numerease paraie, uncle canalizate, iar la
baza versantului. de riul Suceava, are la rin-
dul sau importante consecinte asupra produ-
ceril alunecarilor , Se poate considera ci, cel
putin in faza lor initiald, subminarea versantu-
Iui de catre apa Sucevei , care intr-o anumita
perioadi a curs la baza versantului, a jucat un
rol important. Din acest motiv putem afirma
ca initial alunecarile au avut un caracter
delapsiv. Astazi, la o scard mult mai mica $i in
functie de conditiile locale, o eroziune simi-
lard este exercitata de apele ce provin din
izvoarele de pe wversant. Acestea,uneori se
scurg transversal si ajung sa submineze in
anumite sectoare materialul deluvial, mirind
riscul de aparitie a recrudescentelor,

Factorul antropic. Pe langa conditiile fizico-
geografice, in ultumul secol un rol tot mai mare
in cresterea niscului de producere a alunecarilor
pe versantul drept al Sucever a revenit activ-
itatlor antropice, care au determinat: - desfi-
intareéa surselor inividuale de apa (fantani) si
micsorarea capacititii drenante a versantului
prin blocarea unor izvoare, ca urmare a dez-
voltirii urbane: - ndicarea nivelului freatic (peste
15 m) in urma realizani in ultimii 30 de ani a
unui sistem de alimentare cu apa, canalizare si
termoficare, prin care se vehiculeaza debite
importante de apa si implicit cu importante
pierderi (30-50 % din apa vehiculata),

La aceste influente negative, cu caracter
pregititor pentru declansarea deplasarilor in
masd, se mai adauga altele, ¢cu un caracter
declansator, intre care pot fi enumerate: - cir-
culatia intensa a automobilelor s1 utilajelor
grele pe comisd s in zona versantului insta-
bil, care produce vibratii $1 socuri ce
favorizeaza reducerea rezistentei la forfecare
in masa de pamant satural cu apd; -
supraincircarea corniser $i deluviulul cu
diferite constructii.

Dinamica proceselor. Dupa R.J. Bally s1 P.
Stanescu (1971), in general, chiar atunc
cind procesul nu este evident, versantii sunt
afectati de deplasari lente ale materialulu
deluvial, care se pot accelera sau culmina, cu
alunecarea propriu-zisa, pe masura ce factori
determinanti ai alunecarii depasese pragul de
echilibru 51 incep sa afecteze stabilitatea ver-
santului. Dupa aceiasi autori, se pot deosebi
deplasan lente, sezoniere, limitate la stratul
de suprafati, cu temperaturi $1 umiditati vari-
abile (pana la | m adancime) si deplasiri con-
tinue, in masa deluviulu.

Primul tip de deplasiri (lente, sezoniere) am
incercat a-1 surprinde prin analiza datelor
rezultate in urma unor masuratori topografice
efectuate semestrial, in ultimul decemu, de o
seriec de firme specializate, finaniate de
Priméria Suceava. Reteaua topografica a fost
alcatuita din pilastri, incastrayi la 1,5 m
adancime si borme, amplasate la cca 0,5 m
adancime. Prin corelarea valorilor maxime ale
deplasarilor bornelor, in diverse sectoare ale
versantului, cu cantititile semestriale de pre-
cipitatii si cu variatia temperaturilor din sol, in
perioada 1998-2002, s-au putut face o sene de
observati. Astfel, se constatd ci, In perioada
la care ne referim, desi cele mai multe precip-
itatii au cazut in perioada iunic-august, cele
mai importante deplasari de suprafata au avut
loc in lunile precedente. Face exceptie de la
aceastd ,reguld” anul 2002, cind se poate
sesiza un paralelism intre cresterea cantitati
de precipitatii si a ratei de deplasare pe ver-
sant. Explicatiile tin mai ales de particular-
itatile topoclimatice ale regiunii. Deplasarea
reperilor de suprafata in perioada martie-iunie
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Fig. 2 - Grafice de corelatie intre deplasirile depozitelor de versant situate pani la cea 0,5 m adancime 51 can-

titidtile semestriale de precipitatii

poate fi legatd de topirca zipezilor si de
dezghetul treptat sau brusc a parti superioare
a solului, fenomene prelungite cel mai adesea
pind in luna aprilie. A doua jumdtate a anulwm
se caracterizeaza in schimb prin temperaturi
mai ridicate, o evapotranspiratic mai intensa,
deci lipsa unui substrat care sa faciliteze
deplasarea orizonturilor superioare.

in acelasi timp, analiza variatiei temperaturii
din sol arata ¢a in perioada studiata conditii de
inghet ale solului au existat doar la adancimi
de 050,10 m s aici doar pentru scurte
perioade de timp, fapt care demonstreaza lipsa
unor conditii  favorabile solifluxiunilor.
Consideram, astfel, ca procesul responsabil de
dinamica depozitelor de suprafati ale versan-
tului este cel de pseudosolifluxiune, favorizat,
de altfel, de prezenta in cantitati mani a min-
eralelor argiloase (Fig. 3).

Comparativ cu situatia existenta in 1994,
cele mai importante deplasiri ale reperilor de
suprafata s-au inregistrat la partea superioara
a versantului (datoritd declivititilor mai mari)
sau in apropierea principalelor strazi -
Cernduti, Calea Unirii, artera de legatura din-
tre cartierul Suceava cu zona industriala
(datorita traficului auto). Cele mai man valori
ale deplasarilor inregistrate in aceasta
pericada (1994-2002), depasesc 1000 mm.

Dinamica proceselor de deplasare mai pro-
funde de pe versantul drept al Sucevei a fost
cunoscutd in urma unor foraje inclinometrice
efectuate in perioada anilor "90, puse la dis-
pozitia noastra de S.C. Proiect Bucovina. Din
analiza datelor furnizate reiese ¢a, in general,
deplasirile la adidncimi mai mari de 1- 2 m,
sunt mai lente decat cele de suprafati si au, ca
s1.acestea, un pronuntat caracter sezonier, De
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Fig. 4 - Reprezentare grafica a dinamicii de profunzime a deluviului versantului drept al Sucevei, in unul din fora-

jele inclinometrice.

exemplu, in unul din forajele executate in
apropierea strazin $t. Stefureac, in perioada
noiembric 1995 — mar 1996, la circa 14 m
adancime, deplasarile au fost de 13,7 mm in
tump ¢e¢ in perioada mai 1996 — noicmbrie
1996, deplasarile au fost de circa 23 mm (fig,
4). Rezultd asadar o intensificare a procesului
de alunecare in al doilea semestru al anului.
In aceastd perioada, iulic-decembrie, s-au
produs si principalele alunecari de teren
(noiembrie 1940, august 1966, decembrie
1996, octombrie 2001, octombrie 2002).
Exista totusi un decalaj intre perioada cu o
pluviozitate accentuatd (lunile de vari-sep-

tembrie) s1 declansarea alunecirilor de teren
pe versant. Acest decalaj corespunde timpului
necesar deplasarii apei pluviale pana la
adancimea la care fortele de rezistenta sumt
depasite, Astfel, desi in 2001 precipitayii
abundente au cazut in lunile anie-lic s1 mai
ales septembrie (cu 1484 mm de precipitatii),
recrudescenta s-a produs in luna octombrie
(cu 42,6 mm). Un alt exemplu este cel al anu-
lui urmitor, 2002, cand cantitdti mari de pre-
cipitatii s-au inregistrat in lunile iunie, wlie
(219,1 mm) si august (112.3 mm) iar
alunecarea de teren a avut loc tot in luna
octombrie (34,8 mm).



Factorni specificl s1 dinamica proceselor de deplasare in masa de pe versantul drept al Sucever Ui

Principalele concluzii care se pot desprinde
se referd la neconcordanta in timp intre
caderea precipitatiilor s1 punerea in miscare
matenalului, cu perioade variabilede inertie
st la viteze de deplasare din ce in ce mai
redusa a materialuly o datda cu cresterea

adincimii. De asemenea, se deduce relul
foarte important, in producerea deplasérilor
in masa, a alcatuirii granulometrice a materi-
alului deluvial s1 importanta proceselor
pseudosolifluidale in cazul deplasari mate-
rialelor superficiale.
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Potentialul de utilizare a reliefului in sectorul montan
si cel subcarpatic al bazinului Ramnicu Sarat

Marian ENE, Florina FOLEA

Cuvinte-cheie: relief, potential de wilizare, procese morfodinamice, Bivorabil, restrictiv, stabilitate naturalia

Potentionel de 'utilisation du relief au secteur montagneux et sous-carpatique du bassin R. Sarat. A partir
de I"analyse de Putilisation du relief, on peut déduire gue, au nivean du bassin hydrosraphique Ramnicu Sarat, 1l
existe une mosaique de surfaces ayant une favorabilité différente des activités antropiques. La densité de la frag-
mentation du relief, 'énergie du relief, I'exposition et les valeurs des pentes ont des conséquences sur I'évolution
des formes de relief. la répartition des éléments chimatiques, |'écoulement de Ieau, versants et aussi sur les pro-

cesus de modélisation.

Parm les processus géomorphologiques actuels, les déplacements en masse et 1'érosion verticale sont dominants,
agissant comme des facteurs principaux restrctifs sur 'ufilisation antropique du relief. On 2 déterming six caté-
pornies de surfaces distinguées par le rapport du potentiel morphodynamigue, de la réponse 3 intervention de

"homme tout comme a la capacité de Uutilisation.

Analiza dinamicii reliefului are un scop
practic, ajutand la punerea in evidenta a efec-
tului acesteia asupra potentialului de utilizare
de cétre comunitatile umane.

Cercetarile de teren din bazinul Ramnicu
Sarat (sectorul montan $i subecarpatic), au pus
in evidenta unele particularitati cantitative si
calitative ale modelarii actuale in raport cu
alte caracteristici morfogenetice (geneza for-
melor de relief, structurd, litologie), morfo-
metrice (panta, lungimea §i expozitia versan-
tlor, fragmentarea acestora), cu gradul de
acoperire cu vegetatie si modul de utilizare a
terenului (Ene, 2002). in definirea potentialu-
lui de utilizare a reliefului se au in vedere trei
calitati ale acestuia: refieful — suport mate-
rial al tuturor activitatilor antropice (agricul-
tura, silvicultura, constructil, cii de comuni-
catic etc); relieful — factor de influentare a
dinamiceii i extinderii celorlalte componente
ale mediului (clima, vegetatie, soluri, scur-
gerea apelor de suprafatd); reflieful — suport
de manifestare a proceselor morfodinamice
(Popescu, 1990).

Potentialul de utilizare a reliefului bazinului
Ramnicu Sarat, in studiul de fata, a fost staba-
lit tindndu-se cont de o serie de criterii §i pa-
rametrii cu caracter favorabil sau restrictiv in
raport ¢cu interventia antropica. S-a incercat

Revista de geomorfologie nr 6, 2004, p. 95102

delimitarea unor suprafete relativ omogene
din punct de vedere a potentialului de utiliza-
re, findndu-se cont de trei criterii: morfogene-
tice, morfometrice si biogeografice,
Criteriile morfogenetice au ajutat la contu-
rarea unor areale ce se diferentiaza prin gene-
za, structurd, litologie si dinamica actuala.
Din punct de vedere genetic, arealul cercetat
se suprapune unitati de orogen. Structural, se
diferentiazi zona cutatd care, in arealul mon-
tan se suprapunc flisului extern (paleogen),
iar in arealul subcarpatic molasei inferioare
miocene $i zona monoclinala (sarmato-phio-
cend si cuaternard), Litologic, arealul studiat
este alcatuit din litofaciesuri variate, predis-
puse unei modelari active. Sunt exclusiv roci
sedimentare, in marea lor majoritate friabile,
iar prezenta marnelor si argilelor pe mari su-
prafete favorizeazd manifestarea alunecarilor
de teren. Pietrisurile si nisipurile cuaternare,
frecvente in estul dealurilor subcarpatice ex-
terne $1 in glacisul subcarpatic sunt predispu-
se proceselor de pluviedenudare i torentiale.
In ceea ce priveste morfodinamica, cele ma
dinamice areale sunt cele ce se suprapun Dea-
lurilor subcarpatice externe si Depresiunii in-
tracolinare Dumitresti, precum si cele ce se
suprapun formatiunii sarii din Depresiunea
subcarpatici ,,intre Ramnice” (Ene, 2001).
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N | . Suprafafa Ponderea
iy Categorii de suprafete ocupata (kn') (%)
Sectoare de albie majora, larga, cvasiorizontale in profil transversal §i
| | longitudinal, cu riscur reduse la interventii antropice, supuse penodic I3 3
| wnundatiilor
5 | Suprafete evasionzontale (podun interfluviale si de terasa) s1 versang 1 7
© | slab inclinati (sub 5%), fard riscuri la interventi antropice :
| Wersanti slab (sub 37) si mediu inclinati (5-15%), siabili natural, cu nig- ' 53 12
curi reduse la interventii antropice : v
B e .
Versanti mediu (5-15%) s puternic inclinali (peste 157), stabili natu- | 204 16
ral, cu nscun mari la interventii antropice | o
! Versan(i mediu (5-157) 51 puternic inclinati (peste 15%), cu stabilitate 80 ' 20
‘ naturald redush i niscuri man la interventii antropice
[ | ¥ I
6 | Versanti mediu(5-15°) §i puternic inclinafi (peste 15%), cu stabilitate ' 54 12
naturald precard §i nscun foarte mari la imerventi antropice ‘

Criteriile morfometrice luate in calcul in
analiza de fata sunt cele care se referd la pan-
ta, densitatea i adancimea fragmentarii relie-
fului, precum si expozitia versantilor. Valoa-
rea acestor parametri a fost determinata de
evolutia indelungata a reliefului in raport cu
restul factorilor de mediu. In stabilirea poten-
tialului de utilizare a reliefului, a delimitarii
suprafetelor relativ omogene, au fost selectati
acel parametri calitativi §i cantitativi care sa
exprime caracterul favorabil sau restrictiv al
acestora.

Criteriile biogeografice fac referire directa
la calitatea covorului vegetal si la gradul de
acoperire a reliefului. Acest parametru poate
determina amploarea §i intensitatea procese-
lor morfodinamice, cu implicatie directi asu-
pra potentialului de utilizare a reliefului.

Din imbinarea regionala a tuturor indicato-
rilor luati in analizi, s-a putut stabili valoarca
calitativa $i potentialul de utilizare a relicfu-
lui. Astfel, in cadrul bazinului Ramnicu Sarat
(sectorul montan si subcarpatic) au fost stabi-
lite $ase categorii de suprafete, diferentiate in-
tre ele sub raportul potentialului morfodi-
namic, al raspunsului la actiunea omului si al
capacitatii de utilizare (fig. 1).

Tabel 1. Potengialul de utilizare a reliefului in bazinul Ramnicu Sarat (sectorul montan si subcarpatic)

I. Sectoare de albii majore cvasiorizonta-
le in profil transversal si longitudinal, cu
riscuri reduse la interventiile antropice,
predispuse inundatiilor. Aceste suprafete, cu
inclinare redusd, au o extensiune destul de
micd, 3%, (tabel 1) regidsindu-se exclusiv in
lungul viii Ramnicu Sarat, cu deoscbire in
sectoarcle dealurilor subcarpatice externe,
Depresiunii intracolinare Dumitresti si Glaci-
sului subcarpatic (foto 1).

Miei sectoare de albie cu aceste caracteris-
lici se mai regasesc in lungul viii Martinul,
Sardtelul i Motnaul, ultimele doua in secto-
rul inferior, Inundatiile se produc periodic, fi-
ind determinate de ploile frecvente sub forma
de aversa din timpul verii si de unele sectoare
de ingustare ce nu permit scurgerea intregului
debit in timp util.

2. Suprafete cvasiorizontale (poduri in-
terfluviale si de terasa) si versanti slab in-
clinati (sub 5°), fara riscuri la interventiile
antropice. Aceste suprafete, cu o pondere de
7%, se preteaza la orice tip de utilizare antro-
picd. Cele mai mari suprafete de acest tip se
gasesc in sectorul glacisului subcarpatic; se
mai regasesc in Depresiunea subcarpatica
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.Intre Ramnice”, fiind reprezentate de supra-
tetele erozivo-structurale Plaiul lu1 Cojan, Po-
dul Mindru, Plaiul Plesi si Vintileasca. De
asemenea, aici sunt incluse si podurile unor
terase din lungul raului Rdmnicu Sirat (Podul
Vacii, Chiojdeni, Dumitresti, Blidari, Bicestii
de Jos, Galaiesti s.a). In cadrul acestor supra-
fete, dintre procesele geomorfologice actuale,
numai alterarea se face simtitd si intr-o mai
micd masurd spalarea in suprafata, dar fard
urmdari grave asupra substratului. Aceste su-

Foto 2, Unlizarea agricoli a terasei joase (3-4 m) a Rimnicului Sarat in sectorul Depresiunii intracolinare Dumitresti

prafete sunt cel mai des folosite pentru practi-
carea culturilor agricole §1 pentru agezan (Du-
mitrestil de Sus, Jitia, Vintileasca, Bicestii de
Jos, Alexandru Odobescu, Ramnicu Sarat 5.a)
(foto 2).

3. Versantii slab (sub 5°) si mediu incli-
nati (5-15°), stabili natural, cu riscuri re-
duse la interventii antropice. Acestia detin o
pondere de 12% din totalul suprafetei bazinu-
luit Ramnicu Sarat (sectorul montan si subcar-
patic). Cea mai mare extindere o au in secto-



rul glacisului subcarpatic, dar si in Depresiu-
nea ,.Intre Rimnice”. Se regasesc si in cele-
lalte subunitati, dar intr-o mai mica masura,
pe interfluviile rotunjite ale dealurilor Bisoca,
Ulmusoru, Baba, Rachitasu, Rosu, Mogos s.a,
care din punct de vedere genetic reprezinta
resturi ale vechil suprafete topografice. De
asemenea, aceste suprafete corespund partial
unor suprafete structurale monoclinale (re-
vers de cuestd) din dealurile subcarpatice ex-
terne, dar si unor fasii de versant din Depre-
siunea intracolinara Dumitresti (sub culmea
Momaia Neamtului sau Dealul Musuroiului).
Aceste suprafete sunt ocupate in cele mai
multe cazuri cu pasuni sau vegetatie forestie-
ril, care asigura o protectie eficientd impotriva
actiunii factorilor de modelare externi. Pe
unele suprafete defrisate, in special in Dealu-
rile subcarpatice externe, dar si pe cele unde
suprapasunatul a fost intens, se manifesta plu-
viodenudarea si siroirea. Acolo unde conditi-
ile sunt favorabile, apar solifluxiuni $1 chiar
mici alunecari pe suprafatd de strat, superfi-
ciale. Acestea se manifesta pe unele arcale de
pe versantil Plaiului Plesi, dealurilor Sindrila,
Magura, Baba, Piatra Alba etc., scazénd po-
tentialul productiv al acestor terenuri, care ne-
cesita unele lucran de reabilitare.

4. Versantii mediu (5-15°) si puternic in-
clinati (peste 15°), stabili natural, cu riscuri
mari la interventii antropice. Aceste
suprafete au cea mai mare pondere, de 46%,
ocupind areale extinse In sectorul montan $1 in
Dealurile subcarpatice interne. Se gasesc §1in
celelalte subunitati, dar intr-0 mai mica masu-
rd. Sunt acoperite aproape exclusiv de paduri,
pasunile si livezile detindnd, pe acesti versanti
o pondere foarte mica (sub 3%). In momentul
de fata, ca urmare a protectiei eficiente oferite
de covorul vegetal si de interventia redusa a
omului, acesti versanti sunt putin afectat de
procese geomorfologice actuale. Exista, insa,
unele bazine de obarsie torentiale, in special in
bazinele Sardtelului, Ramnicelului, Motnau-
lui, Saritoarea, Catauti si Spidele, ca si versan-
tii nord-vestict ai Muntehn Ulmusoru, mode-
lati intens de procese torentiale sau gravitatio-
nale in trecutul apropiat, ca urmare a defrisari-

L

lor masive de la sfarsitul secolulun al XIX-lea
si prima jumatate a secolului al XX-lea. Ca ur-
mare a refacerii padurilor, ele s-au stabilizat.
Potentialul morfodinamic al acestor suprafete
este ridicat, favorizat, pe langa panta si ener-
gia de relief, de constitutia litologica (prezen-
ta rocilor fnabile si plastice), existind perico-
lul major ca, in cazul unei exploatari neratio-
nale (defrisari masive, suprapasunal, distruge-
rea livezilor), procesele geomerfologice actu-
ale 83 1a 0 amploare foarte mare, cu grave con-
secinte asupra echilibrului ecologic §i al po-
tentialului de utilizare a reliefului.

5. Versanti mediu (5-15°) si puternic in-
clinati (peste 15%), cu stabilitate naturala
redusa si riscuri mari la interventii antro-
pice. Detin 20% din suprafata totala a bazinu-
lui. Aceste suprafete se suprapun pe fruntile
teraselor si versanti din toate subunitatile de
relief, dar mai ales in Depresiunea subcarpa-
tica . Intre Ramnice”, Depresiunea intracoli-
nard Dumitresti 1 Dealurile subcarpatice
externe. Acesti versanti, pe lingd declivitate
s1 grad redus de acoperire cu vegetatie, sunt
sculptati in roci slab cimentate sau necimen-
tate, friabile sau plastice. in aceste areale, pe-
ricolul pe care il reprezinta procesele morfo-
dinamice actuale asupra echilibrulur natural
este foarte mare. Fruntile de terasa, precum si
abrupturile cuestice din lungul Motnaului sau
din bazinele piraielor Catauti, Spidele, Iz-
vorul Pietrelor si Grebanu, ca si abruptul de
racord intre glacisul subcarpatic si lunca
Ramnicului aval de Topliceni, sunt puternic
afectate de organisme torentiale, cu influen-
td directa asupra utilizarni (foto 3).

De asemenca, alunecarile de teren se fac
simtite pe majoritatea suprafetelor incluse
acestel categorii. Toate acestea condue la con-
cluzia ca suprafetele respective necesita lu-
crarl urgente de restabilire a echilibrului natu-
ral prin efectuarea de impaduriri in bazinele
de receptie ale organismelor torentiale sau
prin executarea unor lucrari de imbunatitiri
funciare adecvate. Asemenea lucrdri au mai
fost efectuate in trecut pe mari suprafete, ceea
ce a dus in timp la o refacere a potentialului
productiy, insa numeroase alte suprafete (bazi-
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Foto 4. Puternice procese de degradare pe versantii vaii Saritelul (Depresiunea subcarpatica ntre Ramnice™)

nele Saratelulu, Furului, Ramnicelului, Mol-
doveanu, Motnau, Spidele s.a), dupa defriséiri-
le din prima jumatate a secolului al XX-lea nu
au fost refacute ecologic, ceea ce a dus la o pu-
ternica degradare a reliefului, consecintele
acestul fenomen resimtindu-se si astazi.

fia e 7 L

Foto 3. Versant puternic inclinat afectat de procese gravitationale ca urmare a defrisirii (bazinul Ramnicel)

6. Versanti mediu (5-15°) si puternic in-
clinati (peste 15°), cu stabilitate naturala
precara si riscuri foarte mari la interven-
tii antropice. Cu o pondere de 12%, aceste
suprafete sunt cele mai expuse degradarilor
in urma interventiei antropice. Versantii
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Foto 5. Curgere norotoasd in bazinul Motniaului (depresiunea intracolinara Dumitresti)

afectati au o larga raspandire in Depresiunca
subcarpatica ,Intre Ramnice”, Depresiunea
intracolinara  Dumitresti (cu deosebire in
sectorul de confluenta al Motnaului cu Ram-
nicu Sarat) si in Dealurile subcarpatice ex-
terne. Acestia se caracterizaezd prin pante
de peste 157 inclinare, fiind alcatuiti din
roct necoezive, plastice, cu stabilitate redu-
sa s1 afectati de procese geomorfologice
complexe (foto 4, 5).

De asemenea. capacitatea de utilizare a tere-
nurilor este foarte redusa, ca urmare, in prin-
cipal, a interventiel necorespunzitoare a omu-
lui. Aceste suprafete corespund in cea mai
mare parte cu terenurile ocupate cu pasuni §i
fanete, vegetatic forestierd si mai pufin cu
plante agricole. Impaduririle efectuate dupi
1960 au fost impuse tocmai de amploarea pro-
ceselor morfodinamice actuale (torentialitatea
accentuatd din lungul vailor Rimnicu Sarat in
cursul mijlociu, subcarpatic, Ramnicelu, Cer-
bului, Motnau, Catauti s.a, dar 51 alunecirile
de teren ce au afectat mari suprafete ale
versantilor acestor vai). Cu toate impaduri-
rile efectuate, mari suprafete continua si
prezinte un risc ridicat in cazul contmuarii

exploatanior in scopuri agricole, indiferent
de agrotchnica utilizata, ca urmare a predis-
pozitiel naturale la o dinamica accentuatd
(Ene, 1999).

In sectoarele afectate de modelare intensi se
impun urgent lucrari de stopare a alunecirilor
de teren si a curgerilor noroioase, de stabiliza-
re a versantilor, astfel existind riscul ca aces-
te complexe de modelare sa se extinda, redu-
ciand drastic capacitatea de refacere a poten-
tialului ecologic.

in concluzie, din analiza bonitativa a po-
tentialului de utilizare a reliefului, se poate
deduce c¢a, la mivelul bazinului Rimnicu
Sarat existd un mozaic de suprafete cu pre-
tabilitate diferita la activitatile antropice,
Densitatea fragmentirii, energia reliefului,
cxpozitia g1 valorile pantelor au consecinte
asupra evolutiei formelor de relief, asupra
repartizarii elementelor climatice, a scur-
geril aper pe versanti $i asupra proceselor
de modelare. Dintre procesele geomorfolo-
gice actuale, deplasarile in masa si eroziu-
nea in adincime sunt dominante, actionand
ca factori restrictivi principali in utilizarea
antropica a reliefului.
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The evolution of Cape Midia’s shore sector
in the period 1883-2002

Stefan CONSTANTINESCU

Key words: shore, erosion, cliff, Cape Midia, Black Sea
Evolutia sectorului de tirm Capul Midia in perivada 1883-2002. Anticolul de fata isi propune o analiza  sec-

torului de tarm Capul Midia pornind de la materialele cartografice cele mai vechi (1883 1924) 51 pand la ulbmele
imagini satelitare (2002). In functie de acestea s-a realizat o etapizare a evolutiel pe urmdtoarele intervale:
[883/1924-1960, 19601970, 1970-1930, 1980-1989, 1989-2002. Tendinia generald de evolufie este una de
progradare, cu valorile maxime inregistrate in intervalul 19801989 (58,1 m liniari de plaji). Ritmurile pentru acest
interval au fost de 6,5 m/an, Daca pana in anul 1953 acest t3rm a evoluat in conditii naturale, ulterior, prin inceperea
constructiilor de la portul Midia, se realizeaza o modificare in circulatia sedimentelor din lungul {armului, circu-
fatia fiind scurtcircuitati de prezenta digurilor portuare de profectie. Analiza combinatd a materialelor cartografice
si satelitare s-a dovedit extrem de eficienta in trasarea evolutiei pe termen lung a acestui sector, Pe viilor morfolo-

gia tirmului va fi determinata de aportul sedimentar venit din nord si de activitifile portuare extrem de intense,

General Data

The sea-chif shore out of the Midia Cape
sector spreads onto a ~7 km length, straight
from the Buhaz Cape all the way to the
Chisarig Cape. The Chituc shore, in the north,
leaves the impression that it would place
itself within the southern, harder structural
unit. The individuality of the sea-chiff shore
resides from the presence of four capes
(Buhaz Cape, Midia Cape, Ivan Cape,
Clisarig Cape) parted by three large gulfs
(Fig. 1). The morphodynamic differences
were amposed by the geological factor, If
Cape Chsang and Cape Ivan show at their
bases Jurrasic-aged deposits (Bathonian and
Callovian) formed out of silicifer limestone,
limestone and conglomerates, the Midia Cape
s composed out of much older formations
(Superior Proterozoic) of green shist. Our pur-
pose has been that of trving to retrace the evo-
lution of this shore, starting with the oldest
cartographic documents (1883-1924) ending
up with the latest satellite imagery (2003).

The Midia Harbour started being construct-
ed in the year 1953, its protection sea walls
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being extended afterwards between the years
1978 and 1980. Currently it can host ships up
to 10.000 tdw (R. Cioran, 2001). The influ-
ence of the northern sea-wall is felt behind the
redirection of the shore drift that steers clear
of the sea-wall and deposits most of its sedi-
ments right at the entrance of the harbor.

The work technique

The Firing Plans (PT) have constituted the
first cartographic document from which we
have begun the sea-cliff shore’s evolutionary
reconstruction. For this particular unit we have
used 2 maps, the only problem encountered
being the fact that the northern area had been
elevated between 18831884, and the southern
area much later, around the year 1924,

All the maps have been georeferenced and
subsequently exported into a projection type
UTM Zone 35 N. All the satellite images have
also been rectified and brought to the same
UTM Zone 35 N projection, For each map or
satellite 1mage the water line has been digi-
tized.
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The region’s nomenclature

The names of the capes and those of other
key points have been extracted primarily out
of the first map (PT), where the denomination
"Clisarig Cape" clearly stands out for the last
southern cape of the shore. Starting with the
old name attributed to the Corbu Lake
(Gargalic Lake), we also state that the name
(Gargalic Cape) is also being used to define
the same southern cape. The second cape
shows up under the name of "Dumitru Ivan s
Nook", but it is frequently utilized only in its
shortened form of "Cape Ifvan”. The third
cape is the only one that didn’t seem to cause
any linquistic problems, showing up on all
cartographic documents as Cape Midia.
Buhazului Ponds (Gread Pond and Middle
Pond) suffer a small orientation change fol-
lowing the forth and also the smallest cape,
carrying on naming it Cape Buhaz.

Results

The comparison of the 1924 and 1960 maps
marks out the presence of uniform accumula-
tion processes for Gl, as for GII and GIII the
accumulation has been set down only at the
northern extremities of the gulfs, the southern

areas being affected by erosion (Fig. 2). This
shore has evolved in natural conditions up
until the year 1953, this year marking the
beginning of the Midia Harbor’s construction,
materialized through its protection sea-walls.
On the 1960 map, only two of these sea-walls
seem to appear, the northern sea-wall sustain-
ing itself by Cape Clisarig having a 1,5 km
length and the southern one having a total of
1,2 km length. All of these arrangement proj-
ects have modified the shoreline, especially
next to Cape Clisarig. Thus, we find it very
difficult to percentually quantify the antropi-
cal activity in reference with the seashore’s
default processes. Nevertheless it is certain
that after 1953 all of this seashore will strong-
ly be antropically controlled.

The maximum accumulation rates have
been recorded in Gl, where the waterline has
moved 115 m since 1924 to 1960, For GII
these rates have been of 78 m (1924-1960).
The most intense waterline retractions have
occured in GII: 180 m (1924-1960). Based
on these rates we have calculated the accumu-
lation rhythms: 3.2 m/year in Gl and 04
m/year m GIL It would be incorrect to report
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Fig. 1. The nomenclature utilized for survey

for GIII a retraction (in S5) of 5 m/year
rythms, because of the fact that all these
changes have occured due to harbour con-
struction works, Here we have exemplified
one of the disadvantages of comparative map
analysis, whenever major changes might
occur at short periods of time, and their caus-
es being far from natural (Fig. 3, Tab. 1).

Starting with the waterline from 1924 the
accumulation/erosion rates have been calculat-
ed for each individual map or image. A number
of 19 marker points have been established, for
which separate measurements were conducted.
The final result took the form of the upper
graph, in which the distances (km) are marked
on the horizontal, this line actually represent-
ing the shoreline in 1924 (Tab. 2, Fig. 4).

The wvertical marker 0/0 indicates Cape
Buhaz, and the 0/6,5 marker indicates the
northern sector of Cape Clisarig. In compari-
son with the latter, we can observe a general
accumulation tendency, with the exception of
the southern sector (Cape Clisarig) which has
been affected by the Midia Harbor arrange-
ment works. On the 1989 satellite image we

Marea Neagra

can observe the emergence of a new sea-wall,
at north of Cape Chisarig, having NNV-55E
orientation, and a 635 m length. In order to
have an  average wvalue of the
advancement/retreatement rate, the calcula-
tion of this parameter for each single interval
has been done, with the following table as
output:

The meost intense accumulation rhythms
took place between 1980-1989 period, when
in GI the values have reached 11.2 mm/year
(Fig. 5). As for GIII the emergence of the new
sea-wall has determined the reach of the 12,1
mm/year value. The calculations for these
average rhythm values, for each single mter-
val have led to the following results:

That which strikes the most is the behav-
ioral resemblance between Gl and GIII for the
19242002 interval. The accumulated sur-
faces are almost equal: 36.4 ha for Gl and
36,2 ha for GIII, while for GII the accumulat-
ed surface consists in half of the previous
ones (18,4 ha). A general expansion of 91,1
ha has been recorded for all the 78 years.
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Fig. 3. Modification of the shoreline inside the 1924-2002 interval,

Interval | 1924-1960 1960-1970 | 1970-1980 | 1980-1980 | 1989-2002
Distanta (m) | 4.0 2,1 45,1 58,1 | 364

Tab. 1. the values represent linear shoreline meters gained/given at each interval. The highest values belong to the
1980-1989 interval the only negative value being recorded between 1024-1960.

Conclusions

The Midia shore has evolved in a natu-  pe extremely cfficient in this secctor's
ral regime up until the year 1953. From Jong term evolutionary tracing. In the
this moment on a natural regime of sedi- future, shoreline morphology will be
mentary circulation is out of the ques- determined by the northern sedimentary
tion. The combined cartographic and addings and by the extremely intense
satellite material analysis has proved to harbors activities.
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Interval 19241960 1960-1970 19701980 1980-1989 J9R9-2002

Ritmuri

: -4 0.2 4.0 6.5 2.8
pvedin (m/an) :

Tab. 2. The accumulation/erosion average rhythm rates for the Cape Midia shoreline (m/vear)

— 3 a1 1524 1050
— | GE0-1OT0
- s e = =< 1870-1580
e 1 980 1989
= 1989.2002

100

Fig. 4. The accumulation/erosion rhyvthm rates for the Cape Midia shoreline (my/year)

o Ful
Fig. 5. The accumulated surfaces for the 1924-2002 interval
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Recent investigations regarding the beach-dune interactions on a
microtidal coast in a temperate dry climate, Sfantu Gheorghe,
Danube Delta Coast

Luminita PREOTEASA, Alfred VESPREMEANU-STROE

Keywords: Beach-dune morphodynamics; Acolian sand transport; Microtidal beaches; Temperate dry climate;
Danube Deha

Based on the measurement of beach-dune seasonal clevation changes from 1997-2004 period, coupled with a 16-
montis detailed surveying (DM 's) in two copstal polvgons and more sand transport measurements over beach
and foredune, this paper deals with the maritime & aeolian processes and accretion-erosion events trying to lind
the main features of beach-dune morphodyvnamics from study area. The morphological behavior of dune-beach
system was analyzed depending on shoreline evolution and correlated with nearshore morphology. Medium-term
trends (vears) and seasonal cycles of sediment transport are estimated from analyses of the wind and topograph-
ical ime senes, For this T-year interval, we identified a uniform rate of sand accumulation in foredune sector (4-

5 m:‘.-'n‘l.";-r{:ar'jl both for the stable coasts and for progradating shoreline sectors, while the subaerial beach volume
experiences dramatically biennial changes. The multiannual beach width-volume correlation is logarithmic in the
case of stable shoreline sectors and a linear regression for the coasts with progradating behavior. The pattern of
erosion and deposition emerged from tepographical surveys, in good agreement with the sand transport measure-
ments, prove the presence of a vigurous sand flux which remains quite high over the foredune area even if at sen-
sible smaller rates (25-60%) than on the beach surface. This high sand flux is ddue to specific climatic and biot-
ic conditions (low precipitation amount, sparse vegetation cover) and facilitates the preservation of a general fore-

dune morphology which gently sloping seaward,

1. Introduction

Traditionally, the beaches that generally are
hydrodynamic controlled and the wind-domi-
nated coastal dunes have been thought as dis-
tinct and separated systems. In the last
decades the accent was shifted on the beach-
dune interaction (Short and Hesp, 1982; Pye,
1983: Psuty, 1988; Sherman and Bauer, 1993;
Sherman and Lyons, 1994) being recognized
the fact that the two environments have often
a correlated morphodynamics with strong
coupled sedimentary fluxes. It's registering
also a general trend toward a more complex
approach of beach-foredune interactions.

Thus, the first studies upon the foredune
behavior related to shoreline changes (Vellinga,
1982) resulted into a model of onshore-offshore
sediment exchange within a beach/foredune
system without a spatial shifting of the entire
profile. Researches performed by Stephenson
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(1978) and Fisher (1984) pointed to a landward
migration of the foredunes as the shoreline is
migrating inland and a penodical alongshore
change of the foredunes. Further, new attempts
have been made for a quantitative assessment
of the alongshore changes of the foredunes
(Psuty et al., 1988). The approach of foredune
development from the sediment budget
changes point of view within different climates
is largely represented in the reécemt literature
(Hesp, 1988, 2002; Goldsmith, 1990, Psuty,
1992, 1993; Arens, 1996b; Hellemaa, 1998).
Using this perspective, accompanied by
many other distinct investigations on different
controlling factors behavior and influence on
beach and/or foredune development Sherman
and Bauer (1993) contrived a theoretical
model of beach-dune system integrated
dynamics across several time and space scales.
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Fig. 1. Location of study area: A) Position of Sfantu Gheerghe beach in the frame of Danube Delta Coast; B) The
benchmark network on the Sfantu Gheorghe drew up on a satellitary image - may 2002
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Fig. 2. The mamn factors which control the beach-dune system evolution: A) Monthly sea level osscillations (gray
columns) and standard deviation {ovenmposed black hines) computed as multiannual averages a1 Constanta sta-

tion gauge; B) Submerged topography of the study area;
C'} Sand roses drawn for Sfanm Gheorghe and Sulina meteorological stations, The number from the inner circle
represents the multiplying coefficient of the vector lengths so that to obtain a better comparative graphical repre-

sentation
scientist at the moment is to sketch a compre-

hensible model of foredune-beach interection
based upon reliable ficld prelevated data.

Given the protective role played by the fore-
dunes against the sea surge invasion over the
land, a challengeing purpose of the coastal
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Predictive models of forcdune growth must
relay on accurate studies of each component
involved in their evolution. It is also necessary
1o strictly delincate the spatial and temporal
limits of acolian sand flux in the coastal arcas.

Our investigation of the beach-dune system
functionality consisted in detailed reasearches
upon each component agent as well as their
integrated action in the development of each
process and the resulted morphology.
Therefore, our researches focused both on the
interconected beach-foredune dynamics and
on individual foredune development.

The most part of the coastal dune studies
deals with foredune morphodynamics in
humid temperate climate with many similar-
ities of vegetation cover from a coast to
another and, moreover, exhibiting shghtly
different trends in a long-term dynamics
which generally agree with the claborated
foredune evolutionary models (Hesp, 1988;
Psuty, 1988; Sherman and Bauer, 1993;
Hesp, 2002).

The aim of our measurements was to obtain
a reliable data set which could get near the
understanding of the coastal dunes behavior
m relation with the proximal subaenal beach
in a temperate dry chmate environment and a
microtidal, dissipative beach with medium
wave energy. This paper describes the meas-
urements and the experiments performed, try-
ing to highlight the particularitics of beach-
foredune system development and morpholo-

gv in relation with the specific nature of the
northwest Black Sea coast,

2. Study area

Sfantu Gheorghe is a 5-km-long sandy
beach stretched northward of Sfantu
Gheorghe Danube’s arm mouth, in the central
part of the Danube Delta Coast (Fig. 1). SI.
Gheorghe beach represents the southern half
of the Saraturile beach ridge plain’s coast
formed largely during late-Holocene when S
Gheorghe deltaic lobe developed despite of
the Sulina lobe decrecase (Vilsan, 1936;
Giosan et al., 2004). During the XI1X century
and the first half of the XX century, when the
largest part of the Danube Delta coast was
subject to strong erosion processes, the Sfantu
Gheorghe beach prograded continuously
leaving behind a dune field which gradually
transformed into a deflation plain. In the last
40 vears the shoreline of this sector stabilized
(Fig. 3) and the beach-dune system reached a
dynamic equilibrium state experiencing both
¢rosion and accumulation stages
(Vespremeanu et al., 2004),

The aspect of the Sfantu Gheorghe beach is
96%, so the prevalemt northern winds blow
parallel with the shoreline. Due to the pres-
ence of a sparse vegetation cover, the fore-
dune have modest heights (2.5 - 3 m) and a
very gentle seaward slope (37) which experi-
ence high rates of sand fluxes. Subaerial
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beaches which front the foredunes have a sca-
sonally controlled morphometry displaying
20-30 m width at the beginning of the spring
and respectively 40-60 m width at the end of
the summer and during the autumn.

Submerse rehief of the Sfantu Gheorghe
beach displays a shightly convex cross-shore
profile, with a very similar offshore zone
morphology in alongshore, but differemt in
the nearshore zone (400 m wide) where the
triple-barred beach exhibits a seaward devia-
tion of the bars from north to the south in the
tendency of joining to Danube mouth bar
(Fig. 2B). In general, the barred beach has a
dissipative hydrodynamic regime
(Vespremeanu-Stroe, 2004a) which offers an
efficient protection of the beach-dune system
agamst the storm wave attack.

Marine c¢nvironment is characterized by
imperceptible tides with a maximum tidal range
of 0.12 m at spring tide (Bondar et al,, 1973), a
medium-wave energy environment where the
significant wave height is 0.9 m and a vigorous
longshore current circulation which transports
three times more sediment southward than in a
reverse direction. The frequent northeasterly

waves result in about 1 million m> y‘l net long-
shore sediment transport (Giosan et al., 1999;
Vespremeanu-Stroe, 2004b). The monthly and
seasonal sea level oscillations (Fig. 2A) are
dependent on the Danube'’s discharge and
encourage the depositional processes in the late
summer-autumn period as well as the erosional
ones dunng the winter and spring,

Chimate is typically temperate continental
with dry nuances, Danube Delta coast being the
most dry romanian region with a mean annual
rainfall of 345 mm and raised temperatures dur-
ing the summer (the mean for july-august is
218 °C) which promote high rates of the
evapo-transpiration (Stoenescu, 1963). In con-
cordance with the Peguy climograme the sum-
mer months (june-august) and mid-fall (octo-
ber) are considered arid months (Peguy, 1961).

The beach 1s exposed to winds of all direc-
tions, although northerlies clear dominate.
Thus, from all the strong winds, which are
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able to rework the sand deposits, those from
the north sector (ENE-VNV) mobilize 73.2%.
Wind climate in which this beach-dune sys-
tem evolves 15 a macroenergetical one, with
75.2 vu (vector units), according to Bullard's
adjustments (Bullard, 1997) to Fryberger
classification (Fryberger, 1978, 1979).
Concerning the directional variability of the
strong winds, that’s quite reduced, encourag-
ing the resultant acolian drift on a certain
direction generally southward oriented: 197°
at Sulina and 182.4° at Sfantu Gheorghe
meteo stations (Fig. 2C). Cardinal distribu-
tion of the potential drift fits to acute bimodal
class. Analysis of the monthly distribution of
the acolian drift highlights the existence of
two morphodynamic seasons: the cold active
season, october — april, with high rates of
transport (83 % from all the sand reworked
during a year) and the warm moderate season,
may-september (Preoteasa and Vespremeanu-
Stroe, 2004).

Foredune vegetation spectrum never
encountered wooden species till 1971 when
the establishment of a experimental forestry
inland of the Saraturile beach ridge plain lead
to the appearance of the underbrush
(Hippophae rhamnoides) in the back-dune
(Traci et al., 1988). The dune crest and the
foredune scaward slope are covered just by
grassy vegetation, dominant being the sandy
thistle (Eryngium maritimum), Salsola kali,
Spergulare maritima and sandy bindweed
(Convulvulus persicus), all of them having a
small sand trapping efficiency. The only
grassy species which enables the rapid
growth of a dune is Elymus sabulosus which
is pretty rare as it prefers low surfaces with
high carbonate concentrations.

3. Methodology

3.1. Topographic surveys. The beach-dune
system morphodynamics was monitorised
mainly through accurate topographical sur-
veys (£ 0.2 cm elevation) as individual cross-
shore profiles (2D) and surface monitoring
(3D) as digital elevation models (DEM) per-



formed with a total station. All the measure-
ments were reported to the existing bench-
mark network along the study area which
consists in 6 benchmarks (Fig. 1B). For five
of them our measurements cover december
1997 — august 2004 inmerval. while PN land-
mark was involved in our measurements
starting with february 2000, Measurements
were made at roughly 3-4 months intervals,
excepting the winter 2003 when the rough
weather compromised a field campaign,
inducing a 8-months data hiatus (august 2002
~ apnil 2003). Every topographical transect
followed an initial established alignment. The
study of beach-dune geomorphic system con-
sisted n iterative level surveys performed
both on micro- (meters to tens of meters) and
meso- (tens of meters to hundreds and thou-
sands of meters) spatial scale. In order to
obtain a more accurate insight into the fore-
dunes spatial and temporal dynamics, and fur-
ther to derive patterns of local erosion and/or
deposition within the system, the topographic
surveillance was undertaken both as individ-
ual profiles and as multiple transverse pro-
files with intermediate points in order to
obtain the digital terrain models over two pre-
viously established areas. The two DEM's
were started in April 2003 and surveyed with
the same frequency as the ordinary cross-
shore profiles but due to the short time
clapsed meanwhile only some preliminary
results will be presented here. One of them is
located at NR48 benchmark and develops 200
m alongshore consisting in nine cross-shore
profiles 25-m spaced while the other one is
placed at R 48 benchmark being much more
detailed. The R 48 DEM is mainly derived
from 9 cross-shore profiles 5-m spaced using
a detailed surveying technique (Arens, 1997)
at which are added every time 100-150 inter-
mediate survey points, resulting in a total of
about 500 survey points. For both DEM’s we
used triangulation with linear interpolation
methods (Golden Software's Surfer) and
choosed the gnd cell size depending on the
results of the comparative analysis of the
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residuals error (Andrews et al., 2002). A I-m
grid cell size resulted to be the optimum size
for the data point density obtained from the
field surveys at R 48 DEM. During survey-
ing, heights were recorded at about 2 m inter-
vals in the foredune and 4 m on the planar
beach and at obvious changes in micro-mor-
phology. From all these topographic surveys
we derived the morphographical and morpho-
metrical changes and expressed them in a
sweep zonation and volume changes within
the study period.

The bathymetric surveys were performed
with the echo sounder (£ 5 cm depth preci-
sion) for depths greater than 1 meter which
were accompanied by direct topographic
measurements for depths less than | meter.

To be able to obtain a valid spatial classifi-
cation of the coastal sector behavior, the mor-
phodynamics of the Sulina — Sf. Gheorghe
interdistributary shore for the last 7 vears was
compared with that recorded for the last 40
years (Vespremeanu et al., 2004) which
imphlied a shereline evolution comparative
study on the maps, acrophotograms and satel-
litary 1images.

3.2. Aeolian sand transport measure-
ments. In our study we were interested to
compute the aeolian sand fluxes simultane-
ously on the bare beach and in the foredune.
During an onshore storm a wind mast with
four cup-anemometers mounted at 0.5, 1.05,
2.05 and 3,75 m elevation and a wind vane at
2.05 m was erected, The instruments were
sampled at I-s intervals and the statistical
data output (minimum, maximum, mean,
standard deviation) over 3-s intervals was
used in the analysis. The sedimentary fluxes
were estimated using five cylindrical sand
traps burried into the sand. Trapped sand was
dried and the resultamt weight was converted

to a rate of transport in units of kg m! ¢l
taking into account the sand trap diameter.
Moisture content was determined from addi-
tional sand samples collected from the upper
surface (< 5 mm) which have been weighed,
oven-dried and then re-weighed (Sherman
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Zone); B) The computed subaenal beach, foredune and beach-dune volume and shoreline oscillations: C) Cross-

shore profiles showing the general evolutionary trend.

and Hotta, 1990).

3.3. Meteorological and water level data.
Wind regime was analyzed using Fryberger
technique (Fryberger, 1979). The hourly
mean wind speed and direction data measured
at a height of 10 m were obtained from Sulina
and Sfantu Gheorghe meteorological stations
covering the 1991-2000 interval. Wind fre-
quencies were recorded for sectors of 22.5°.
Although in this paper we are interested just
in Sfantu Gheorghe beach, the data from
Sulina meteo station are very important
because its position gives us a good idea
regarding the beach microchimate. Reported
to the shoreline Sulina station is placed 3.2
km seaward, on the Danube jetties, while
Sfantu Gheorghe station is placed 1.5 km
inland, this situation explaining thus the
important differences of the wind data from
the two stations (fig. 2C).

Daily water level data were obtained from

the Regia Apele Romdne for the Sfantu
Gheorghe Danube’s arm mouth and were
processed in order to find the intervals when
the beach could be entirely flooded.

4. Results

4.1. Longshore and cross-shore foredune
dynamics. In conditions of an average net
southward longshore sediment transport of |
million m3 }"1 {Giosan et al., 1999:
Vespremeanu-Stroe, 2004b) which is preva-
lent on the Sfantu Gheorghe beach, the fore-
dunes display a sequential alongshore distri-
bution related to both the nearshore and sub-
aerial sedimentary fluxes,

Dune location close by the Danube’s arm
mouth emphasizes the major importance of
the sediment source for their development.
Characteristic for the studied area is the co-
existence over a short distance of many dunes
morphotypes and different patterns of evolu-
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tion. Dune distribution in the field, generally
discussed in connection with the beach state
and sediment budget, could be epitomized as
follows: i) a very dynamic dune belt stretch-
ing over 1 km northward of Sfantu Gheorghe
arm mouth between Cape Buival and Pand
benchmark, consisting in remnant knobs,
wash over fans deposits, embryo dunes and
reworked sand around the remnant knobs, ii)
a stable sector stretching over the next 3 km
northward whose general configuration
exhibits a vigorous, unitary and harmonious
foredune belt and 1) the northern end of the
studied area where the erosional processes
prevail. The last above discussed sector
extends 2.5 km outside of Sfantu Gheorghe
shore limits (Vespremecanu-Stroe and
Constantinescu, 2000; Stinica, 2003), but the
reason of this more spatial extensive investi-
gation explains 1tself the necessity of the
Sfiantu Gheorghe shore morphology and evo-
lution contextualization in the frame of the
entire coast with foredunes.

4.1.1. Cape Buival — Parid sector. The
investigation of the specific morphology of
this sector was performed at the SN Buival,
NBuival (located 800m N of Sf. Gheorghe
arm mouth) and Parid benchmarks (Fig.1).
The distinctive feature of this sector is a
greater dynamics of the shoreline position in
comparison with the other parts of the Sfantu
Gheorghe beach, reflected in the great magni-
tude of the storm impaet for the entire beach-
dune system and the rapidity of the post-
stormic reconstruction of the system. The
morphometrical characteristics of the dunes
here are represented by 2.5 m height, width of
50m and an average volume of the dunes of

75 m/m (Fig. 4B, 4C). Chronologicaly, two
phases delineated by the great storm which
occured in January 1998 have been distin-
pushed.

On december 13, 1997 the beach-dune pro-
file shows a very close position of the fore-
dunes by the sea (Fig. 4C). This fact was
mainly anthropical imposed and is due to the
Stantu Gheorghe meanders rectification for
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navigation reasons performed in 1984 - 199]
interval (Popa, 1997). As a result, in that peri-
od the river has supplied a larger volume of
sediments to the mouth area, leading to the
proximal beach and foredune belt prograda-
tion (Fig. 3B). Thus, Cape Buival - Parid sec-
tor has advanced scaward about 30-40m.
Afterwards, the sedimentary volume carried
by the Danube’s arm diminished progressive-
Iy, so that after 1995 the erosional processes
extended to the entire sector and as a conse-
quence in 1995-1998 period a long scarp
dominated the seaward flank of the foredune
(h = 1-1.5m). The december 1995 and most-
ly january 1998 storm waves discontinuos
overwashed the dunes and redeposited the
sand on a backward position as washover
fans. Where the vegetation cover was more
dense, the sand mentained as remnant knobs.
After the january 1998 storm the sand stored
within the washover fans was wind reworked
and a new foredune belt was rebuilt on a
backward position and the beach continued to
get widther. Post-stormic period carried on
with an ample process of shore reconstruction
developed by marine depositional processes
associated with aeohian reworking resulting
into the complete restauration of the beach
units; the winter berm begun to be over-
whelmed by incipient sand accumulations ini-
tiated around Salsela kali shrubs. As a result
of all topographical profiles analysis it was
found that continous depositional processes
occured and the dune surface subsequently
hightened with about 0.4 — 1 m (Fig. 4C). An
interesting aspect is given by the impressive
acolian sand volume acumulated at great dis-
tance from the medium position of the water
limit (the medium distance between the sea
water line and the new formed foredune 1s
about 70m). The new formed foredune posi-
tion is about 40m backward from the ancient
one destroyed by the storm wave in January
1998 (Fig. 4C). We can relate all these
changes with the lack of any major storm
event after January 1998,

The global volume changes along the entire
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Fig. 5. The computed beach volume, beach width and foredunes volume. Note the interconnection between beach
volume and beach width and the independent development of the foredune.

emerged Cape Buival - Panid shore sector are
related to the progradational trend of the
shoreline. Otherwise, it is the only sector
from the study arca where for a medium post-
storm period (6 vears) the beaches manifes-
tated a slow but constant progradational ten-
dency, presently displaying the greatest
widths of 45-60m. The total sand volume
deposited in this sector between february
1998 and september 2003, comprising both
foredune and subaerial beach, is about 70

m3/m of beach width where as just in the

foredune are stocked 20-30m3/m.The beach
volume experienced a rise at different
rhythms unlike the foredunes volume which
mentained a constant acumulatonal rate of 4-

5m3mu'year (Fig. 4B). The multiannually
medium rate of beach wvolume growth

between 1998-2004 is about 7,.94m/m.

In the frame of the sweep zone we operated
a cross-shore classification (zonation) of the
transverse sectors depending on the morpho-
dynamics intensity: Zone A — the most stable
transverse unmit of the cross-shore profile;
Zone B-moderate dynamics; Zone C- strong
dynamics; Zone D- the most intensive
dynamic sector.

The central and the landward part of the

new foredune belt (Zone C) are the object of
the depositional processes with an intensity
higher than those from the seaward face or
from the high beach (Zone B) (Fig. 4A). This
zonation is different to that specific to the
other parts of Sfantu Gheorghe coast as a
result of a different morphodynamics. It is
remarkable in this sector the unidirectionality
of the processes after the January 1998 storm,
expressed as a steady growth of the foredunes
enabled by the wide beach which is con-
ducive for a large fetch sector. This time the
marine and colian depositional processes play
the first role in the overall sector dynamics
instead of seasonal changes.

4.1.2. Parid — OGA 53 sector. On the cen-
tral and northem part of the Sfantu Gheorghe
beach (1-5km north of Sfantu Gheorghe arm
mouth; Fig. 1) the corresponding foredune are
the most compact and well consolidated from
the entire Saraturile beach ridge plain’s coast
due to the efficient protection conferred by its
position in the frame of interdistributary
Sulina - Sfantu Gheorghe shore, southward of
deltaic and sandy barriers which represents
the source of sedimentary deliverance 10 the
dominant southward orientated longshore
drift. This position promoted the great exten-
sion of the beach, a very well consolidated
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ward view of the foredunc at R 48 benchmark.

and harmonious dune belt (Photo 1) as well as
the presence of three submerged bars which
ensure an efficient protection against storm
waves attack (Fig. 2B). In comparison with
the southern sector of Sfantu Gheorghe beach
which has a multiannual pulsatory behavior,
here even the medium-term evolution of the
shoreline (tens of years) shows a metastable
dynamic equilibrium (Fig. 3B). Comparing
the profiles made in 1997-2004 interval at R
48, NR 48 and OGA 53 benchmarks, we
could identify everywhere another configura-
tion of the sweep zone, opposite to the previ-
ous sector, in which the central (Zone A) and
the landward part (Zone B) of the foredune
records a dynamics considerably slower than
on the seaward slope of foredune or on the

Foto 1. Alongshore view of the coastal dune: A) northward view of the foredune at NR 48 benchmark; B) south-

! -
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upper beach (Zone C; Fig. 6). The beach mor-
phodynamics is seasonally controlled, with-
out a gencral evolutionary trend as in the
neighbor sectors, every winter-carly spring
scason imposing beach readjustments by ero-
sion and just exceptionally affecting the fore-
dune (Fig. 3). Seaward foredune slope
changes are not imposed directly by the storm
waves, the erosional processes, when they are
present, are due to the narrow post-storm
beaches and short fetches. For the entire peri-
od of measurements the seaward slope knew
an obvious heighten of the topographic sur-
face (Fig. 7, Fig. 5), but with a discontinuous
development,

Representative for this sector are the recent
measurements performed in order to obtain
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Fig. 7. Selected cross-shore profiles showing the general evolution of the beach-dune system at NR 48 bench-
mark. Note the slight accretion tendency of the foredunes.

DEM'’s at R48 monitoring polvgon (Fig. 8A).
The local configuration in the rear of the fore-
dune is controlled by the interactions between
the lee slope morphology and the wooden
vegetation (Hippophae rhamnoides) which
are conducive to sand trapping. The lee slope
is short and rectiline exhibiting a steep gradi-

ent ranging locally from 25° to 33° (with a

mean of 29° ) depending on the backdune
vegetation density. The steeper depositional
fronts are generated by the very dense vegeta-
tion proximity which determine a slow but
constant landward migration of the sand and
which generally promote the higher cleva-
tions. Dune height in this sector is of 3.5 - 4m
while the widths measure about 40-50m. The
net volume of sand new-stoked in foredune of
R48 monitoring polygon, measured from

april 2003 to april 2004 is of 212m?, where
the positive volume of sand was computed of

307.5m3 and the negativ volume of 95m?.
For this 1-year interval, a mean depositional

rate of 0.07m m™2 was recorded, but this
value hiddens huge differences of the deposi-
tional pattern. So, the sand collected on the
lee slope represents about 90% of the entire
volume of sand deposited on the foredunes
(Fig. 8B). Once arrived here the wind-carried

sand 1s totally decoupled from the further
exchanges between dunes and beach explain-
ing thus the aggradational process of the fore-
dunes and moreover the continous landward
shifting position of the foredune. The calculus
of the volume changes occured in the fore-
dunes between april 2004 and august 2004

reveals another net positive volume of 59m3
while a deposited volume of sand of 113m?

and an eroded one of 54m>.

Two kilometers to the north, on the same
coast sector, the recent measurements per-
formed in the frame of NR 48 monitoring
polygon in erder to obtain DEM’s exhibit a
slight erosional tendency despite of the large
amount of sand vehiculated in the beach-dune
system (Fig. 9A). As the vegetation cover
density is similar with that on R48 experi-
mental site, the local topography represents
the main controlling factor of the patterns of
the sediment deposition. The morphological
characteristics here are represented by a mod-
erate steep landward slope (5° -7°), a quite
stable dune crest and a prolong gently sloping
(25°-28%) seaward flank. The measurements
performed from april 2003 to august 2004
reveals a negative net volume of sand eroded

from the foredune equal with 161m® where
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april 2003 and august 2004,

550m> are accumulated and 711 m3 have
been eroded. Thus, the maximal accumula-
tion occurs on the foredune slopes while the
erosional processes generally manifest on the
quasihorizontal surfaces of the landward
slope and on the dune crest.

4.1.3. 0GA 53 - PN sector. The entire sec-
tor depicts generally narrow beaches (20-
30m) and foredunes (20-25m). Modest fore-
dune, periodically destroyed by the extraordi-
nary storms are a characteristic of this shore
sector, The present dunes are quite recent and
they started forming since the summer 1998,

in April 2003; B) Level changes resulted from the subtraction of the DEM s surveyed i

by sand aeolian reworking following the posi-
tion of the hinge line between the beach and
the washover fans. Practically, the dune built-
up was possible as a result of the erosional
tendencies . Jtaming” during 1998-2000. The
dunes here appeared in 1998-1999 interval as
solitary presences which further juxtaposed
forming short sandy ridges of tens of meters
and 1-1.5 heights (situation characteristic of
spring 2000). Since the fall 2000, the uninter-
rupted acolian activity upon heigh beach
deposits and washover fans, undisturbed by
any considerable storm made possible the
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volume evolution while the dashed ling represents the distance from the waterline to the benchmark.

development of a continuous dune belt, At the
present the foredune ridge is continuous over
the entire area, with longshore irregulary dis-
tributed scarp features on the dune seaward
flank. The base of the landward slope rests on
a horizontal grassy vegetated surface which is
presently conquered by the landward rolling
up of the foredune. At PN benchmark (placed
7.8km north of Sfantu Gheorghe arm mouth),

foredune accretion from I2.$m3fm to 23

m3/m in 20002002 interval occured as the
beach width measured 30-40m (Fig. 104,
10B), thus providing sufficient wind-exposed
surface for the accomplishment of the critical
beach fetch. The aggradational tendency of
the foredunes continued despite of the ero-
sional stage settled down since July 2001. In
the situation here discussed the period of time

in which the foredune developed independ-
ently of the beach behaviour lasted no longer
than one year, period after which the beach
and the foredunes followed the same rythm of
evolution. Just after the stormy interval febru-
ary-april 2003, the stoss slope of the foredune
was eroded, being replaced by a continuous
scarp over a distance of 5 kilometers along-
shore. Due to this permanent marine aggres-
sion the dune belt drew back constantly with
arate of 3-5 m/year (Fig. 10B). The retreat of
the foredune is explained by the narrowing
(sometime complete flooded) and moistening
of the beach during the storm intensification
so that the cnitical fetch sector during onshore
winds extends to the seaward flank of the
foredunes which delivers sand to the lee
slope. During the offshore wind events (with
an western component) the processes are just
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partially reversible because the wooden vege-
tation in the back side of the dunes offers a
greater roughness as well as a heigher shear
threshold.

4.2. Aeolian sand transport. Three cxperi-
ments were made in order to compare the sed-
iment fluxes recorded on the beach and fore-
dune. First of them was performed on
September 11, 2003, next to R48 benchmark,
during a slight onshore storm (U = 10,5 -

12 m/s) when the wind blew from east (819).
Because of the wave sct-up, the emerged
beach narrowed, so that during the experi-
ment the distance between the dune toe and
the upper limit of the swash zone measured
about 10 m. Four sand traps were deployed on
the beach along the wind direction, at 1.6 m,
4.2 m, 6.6 m and 9.7 m (Fig. 11A) from the
maxim swash limit, trying to assess the influ-
ence of beach fetch over the sand transpont
rate. It is generally accepted that the averag-
ing of the wind speed values for long periods

increase the errors in the modelling of acolian
transport intensity (Namikas, Bauer and
Sherman, 2003) so, we proceeded to compute
the potential sediment flux, using every time
the 3-seconds interval means of I-second
wind data in order to obtain a row with 3-sec-
onds mean shear velocities and transport rates
and the mean sediment flux was compute by
summing and dividing. In this way the trans-
port induced by gusts was better assessed.
The sand trapping rate points to a flattening of
the transport capacity at T3 and T4 for a
beach fetch of 7-9 m (Fig. 11A), followed
toward the dune toe by a decrease, and
reflected in the local topographic changes
which demonstrate the presence of the depo-
sitional processes.

Assuming that the values recorded at T3 and
T4 are representative for the maximum trans-
port encountered on the beach, we compared
them with the results of the transport equations
(Bagnold, 1941; Kawamura, 1964; Lettau and
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Lettau, 1977) finding out the best fitting of the
trapping rates with that computed using
Bagnold equation and quite close by that
resulted from Lettau& Lettau eq (Fig. 11B).

In the same day, another experiment (exp.
2) was undertaken in the same arca, but on
foredune, deploying two sand traps in typical
conditions (mean density vegetation), 11 m
apart, T7 on the dune crest and T6 on the sea-
ward slope, the third (T8) into a small wind
sluice channel on the seaward flank and the
fourth (T3) in the shadow zone of the
Eryngium maritimum bush. Changing the
wind mast position into the dunes we found
the computed roughness to be considerable
greater than on the beach (0,4 mm in the fore-
dune, 0,045 on the beach) so that the potential
transport rate in foredune at the same wind
value is larger (Fig. 11 D). Time lag between
deployments of sand traps induced different
wind data for each of them, moreover T7 and
T8 caught a strong wind gust. The transport
equations overestimate four-five times T3 and
T6 trapping rates and with 50% the T8 trap-
ping rate.

In October 17, 2003, at OGA 53 bench-
mark, we experienced some other transport
conditions during a moderate longshore wind
(Ujp = 9.5 m/s, wind direction = 127). This
time (exp. 3) we used simultancously five
traps covering a beach-dune transverse pro-
file. T9 was installed on the upper beach at
8.3 m seaward from the base of the dune, T10
at 3.8 m scaward from the base of the dune,
TI1 in the midpart of the seaward foredune
slope, T12 on the dune crest and T13 in the
midpart of the landward slope. Under the
same wind conditions, the traps located only
a few meters apart on the upper beach (T9 and
T10) captured different amounts of sand (Fig.
11C). Maximum transport rate was obtained
at T10, in front of the dune toe, where the
trapping rate (0.0074 kg/m/s) slightly exceed-
ed the potential sediment flux resulted from
Bagnold equation. At just 4.3 m secaward, in
the same conditions (the dry upper beach), the
trapping rate was considerably smaller

(0.0046 kg/m's), probably because of the dif-
ferent beach fetch distance and conditions,
So, for the T9 resulted an about 240 m beach
fetch, but mostly developed on the wet, gen-
tly sloping, lower beach, while the beach
fetch for T10 was 290 m, where 65 m are rep-
resented by the dry winter berm. In the frame
of the foredune area, the highest recorded
transport rates have been found on the dune
crest (1.1 mm roughness) where with a mean
of 0.0023 kg/m/s was reached 25% from the
potential sediment flux. The lowest trapping
rate encountered on the landward slope at T13
is explained by the high roughness coeflicient
(2.2 mm) and its shaded placement report to
wind direction.

4.3. The morphologic impact of storms.
In our study we considered the storm event as
occurring when the wind speed reaches or
exceeds 10m/s for a period of time longer
than 24 hours. On the Danube Delta coast
78% of the storms are generates by the north-
ern winds (Preoteasa and Vespremeanu-Stroe,
2004).

The longshore manifested storm events
result at the dune level in sediment rework-
ing, enabling a consistent refreshment of the
superficial sandy traveling to the south.
Totally different is the situation when perpen-
dicular or oblique orientated storms occurs
and exports a considerably larger quantity of
energy in the beach-dune system for a given
intensity of the storm. Important insights in
sediments dynamics and level changes in the
beach-dune system were gained as we per-
formed highly accurate topographical surveys
and computed the modifications just before
and after a normal to the beach-dune system
orientation (ecast) storm occurrence (11
September 2003). We managed in that way
not only the quantification of these surface
changes but also the spatial representation of
their development.

Considering the meteorological parame-
ters, the December 1991 storm event was the
greatest in the last two decades but the long-
shore direction that it acted resulted into a
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smaller morphological impact comparing to
that of onshore obliquely January 1998 storm.

The offshore storms manifested here from
the western sector occurs very strong only
from NV and NNV directions. The waves set-
ting-down effects as well as the shont fetch
hinder the wave to produce consistent erosion
on the beach. Conversely, the air flow cur-
rents although slowed down by the high
roughness of the dunes and the backshore
sector frequently covered by wooden vegeta-
tion enable a seaward massive sand transport.
As the wind speeds raise as approaching the
waterline, the erosion occurs mainly on the
dune crest, seaward slope and on the upper

beach. Although apparently the offshore
storms do not induce major changes in the
shore morphology they have a very important
role in the maintaining of a gently sloping
equilibrium scaward flank through re-distri-
bution of sand toward the lower beach.

The onshore storms, when the wave attack
is inland directed have the most important
morphodynamic impact causing the most
important changes even when the storm mag-
nitude 15 low. Fig. 12 A displays the cross-
shore volume changes induced by the January
1998 storm at OGA 53 benchmark, on an
equilibrium-state beach. It is obvious the high
intensity of the erosional hydrodynamic
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processes comparing to the eolian ones. On
the lower beach the level changes are about -
0.6...-1.2m, while -0.4._.+0.25m in the dune
sector. Very interesting are the morphological
changes associated with the maximum limit
of storm waves. It is probable that this hmit
should not be operational unless a short time
interval corresponding to the maximal storm
wave run-up, upward of this limit begining
the airflow currents sand feeding zone (en-
cal fewch sector), where are necessarily
encountered the strongest eolian erosion. In
the upper part of the storm beach face deposi-
tional processes occurs, so that the accumula-
tion encountered at 45 m secaward of the
benchmark is due to the final storm deposi-
tion (Fig. 12A).

Regarding upon the changes occurred in the
exclusively eolian modelled sector we can
conclude that in oblique-onshore winds, high-
er than 16m/s, the foredune marine flank is
not uniformly eroded unlike the landward
flank which receives a part of the sedimenta-
ry input. Regarding the impact induced by the
small and medium magnitudes onshore
storms it must be outlined that in the first case
(small magnitudes) are included the majority
of summer storms, short lasting with a maxi-
mal intensity reached in the aftermoon when
onshore winds prevail.

According 1o the wave's attack angle the
storms occurring from the eastern sector has
the strongest morphological impact. The fre-
quency of the eastern winds on the Danube
delta coast is about 12.5% and the incidence
of the storm event i1s even lesser.

Nevertheless, the monitoring of two eastern
summer storms, 12-13 august 2002, 11-14
september 2003 allowed us the assessment of
the induced impact. The septermber 2003
storm originated from the east in the first two
days, shifting than toward NE with an aver-
age wind speed measured on the beach of 10-
12mv/s (10m high).

The level changes promoted in the beach-
dune system during that storm exhibit the
marine depositional processes on the upper
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part of the storm beach face, heighten with
about 0.15-0.2m over a cross-shore distance
of 15-20m, and also the dominance of the
irregulary aeolian deposition en both the lee
and stoss slopes (Fig. 12B). Despite the ero-
sion of a 0.2-0.6m thick layer encountered
over 15m distance across the median and
lower beach face the global effect of these
storm kind is the redistribution of sediments
(from lower beach to upper beach consolidat-
ing the winter berm if this exists, and from
upper beach to foredune) through heighten
and consolidation of the beach-dune units.

5. Discussions and conclusions

Beach-dune sediment budget along the
studied coast varies with (i) wind regime and
shoreline exposure to the prevailing winds,
(i) wave climate, (iii) alongshore sediment
transport pattern and the distance from the
source area represented either by the deltaic
barrier and the erosional northern half of
Saraturile beach ridge plain’s coast during
dominamt conditions of a southward long-
shore circulation, either by Sfantu Gheorghe
arm mouth in northward drift conditions, (iv)
nearshore morphodynamics, (v) vegetation
type and density and (vi) sediment character-
istics.

Although Sfantu Gheorghe 1s a stable open
coast with moderate to wide beaches, the
foredune average height is just 3-3.5m refer-
ing to the mean sea level, or even smaller in
the sectors with a medium-term transgressive
or regressive behaviour. The effectuation of
the foredune-beach morphodynamics moni-
toring surveys, wind potential transport
analysis and acolian transport experiments
points to a major role played by vegetation
type and density in the foredune development
control. Besides sparse vegetation, another
restrictive factor for the foredune elevation in
the study area, is the resultant longshore aco-
lian sand transport, being well-known that
oblique and onshore winds are most effective
for foredune development (Arens, 1996a); in
a resultant onshore circulation the sand flux
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diminishes exponentially when reaching the
foredune, with increasing distance from the
dunefoot, most of the saltating particles being
quickly trapped by vegetation. Unlike the
coastal dune evolution in a temperate humid
climate, the pattern of sediment deposition in
the study area (Fig. 4C, 7. 8B) exhibits a vast
disposition of the accumulative sectors which
frequently cover large parts of the foredune
slopes with a regular increased deposition
rate on the landward one; the dune toe rarely
encounters deposition rates higher than the
others. Indepedently of wind direction, the
dune crest encounters the highest foredune
transport rates and the seaward slope more
than the landward one.

Essentially, the pattern of erosion and depo-
sition emerged from topographical surveys, in
good agreement with the sand transport meas-
urements, prove the presence of a vigurous
sand flux which remains quite high over the
entire foredune even if at sensible smaller
rates (20-50%) than on the beach surface
(Fig. 12C, 12D). In a dune landscape the geo-
morphological processes are gradually
impeded by plant biomass production (van
Der Meulen 1990) which here (Sf. Gheorghe
beach in sensu stricto, temperate dry climate
in sensu largo) remains very low. So, the veg-
etation and secondary, the general foredune
morphology wich gently sloping seaward, are
responsible for this more uniform disposition
of the sand flux over the foredune in compar-

ison with the aeohian processes from the tem-
perate humid climate (Sarre, 1989; Davidson-
Amott and Law, 1990; Arens, 1996a; Hesp,
2002).

Returning to the foredune behavior related
to shoreline changes, Sfantu Gheorghe beach
knew two different situations in the last
decades depending on the longshore distance
of Danube mouth. As the results previously
presented, the Sfantu Gheorghe beach is spa-
tially dominated by Parid — Oga 53 sector,
which in comparison with the southern end of
the study area, Cape Buival — Parid sector,
who knows a medium-term pulsatory behav-
iour, here the evolution of the shoreline (tens
of years) shows a dynamic equilibrium with-
out a trend (metastable) (Fig. 3B). So, the
beach morphodynamics is strongly seasonal-
ly controled every winter-early spring season
imposing beach profile readjustments by ero-
sion and just exceptionally affecting the fore-
dune (Fig. 5). Moreover, during the cold sea-
son dune volume Knows a slightly accelera-
tion of the accumulation rate. On the whole.
for the entire period of measurements, both
slopes of the coastal dunes knew an obvious
highten of the topographic surface (Fig. 5,
Fig. 7), which 15 not a continous and irre-
versible process due to the presence of sparse
grassy vegetation and consequently of the
high transport rates which can change easily
the magnitude and direction. Qur main find-
ings concemning the relation between shore-
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line evolution, beach-dune morphology and
the total sedimentary budget show that fore-
dune built on stable coast sectors (Parid — Oga
53) have a homogenuous alongshore develop-
ment and are impenetrable for the storm
waves attack, The subaerial beach supports
large reversible volume oscillations on a sea-
sonally basis, including the lower berm devel-
opment in april-o¢tober interval and the nar-
rowing of the cross-shore profile during cold
season due to storm activity. The beach
width-volume correlation is logarithmic n
that case, because the width increase is bigger
than volume increase (Fig. 13A).

For the sectors with pulsatory behaviour
which records progradational or erosional
trends for a couple of years (Cape Buival -
Parid vs, Oga33 - PN sector) the foredune are
more vulnerable being partly destroyed dur-
ing great storms and then quickly rebuilt from
washover fans sand reworking and beach
fresh input. It is interesting the uniformity of
foredune post-stormic reconstruction during
1997-2004 interval with a positive multiannu-

al medium rate of 4.6m3111‘]}rear‘| for the
prograding coast sectors (Fig. 4B). The beach
width-volume correlation in that case is a lin-
ear regression with a confidence interval over
95% (Fig. 13B). The seasonal oscillations
(beach volume and shoreline position) which
usually represent the most dynamic activity
of the emerged shore, play this time a second
role, after the marine and eolian depositional
or erosional processes.

The present study reports upon the beach-
dune interactions on the basis of the measure-
ments performed in the last 7 yvears as simple
cross-shore topographical profiles and in the
last two years as DEM’s and sand transport
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measurements. Beach-dune interaction 1s
scale dependent (Sherman and Bauer, 1993),
so the extrapolation of some findings drowen
from the investigations performed over this
interval could be irrelevant. It seems to be the
case of NR48 monitoring polygon which for a
16-months interval (covered by DEM’s)
exhibits a slight erosional tendency despite of
the multianual evelution (Fig. 9) in such a
case, we appreciate this behaviour as a simple
evolutionary stage which can’t be extrapolate
for the overall medium-term morphodynam-
ics which 1s best illustrated by the 7-vears
evolution of the main profile (Fig. 7). This is
the reason for which in order to obtain a more
reliable view over the foredune evolution in a
temperate dry chmate the investigations will
go on and we consider the results presented
here as preliminary and their interpretation
being valid just for the temporal scale in
which the measurements were made.
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NOTE

Tafoni pe torurile si blocurile granitice din Culmea Pricopan
(Muntii Macin, Dobrogea de Nord)

E. VESPREMEANLU

Cuvinte cheie: tafon, tor, meteorizatie granitica, Muntii Macin, Dobrogea de Nord.

Se semnaleaza, pentru prima datd in literaturd, prezenta tafonilor in Culmea Pricopan din Muntii Macin, Dobrogea
de Mord, Roméania. Tafoni sunt prezen{i pe suprafeiele verticale ale torunlor (tors) 51 blocurilor granitice fa inalti-
mi foarte diferite faté de nivelul solului i cu cele mai diverse orientiin. Forma tafonilor este dominat ovoidi st pr-
formd, iar dimensiunile sunt mici, de ordinul zecilor de centimetri (Fig. 2, 3 51 4). Granitul pe care se dezvolii
tafoni este gnetssic cu biotit, microclin $i atbit oo grmulatie grosierd. Acest granit a rezuliat din consolidarea mag-
melor aicali-calcive intr-un lacolit supus apoi numeroaselor stresun fecinice. Regimul elimatic actual de stepa (Fig. 1)
nu favorizeaza procesele de meteorizare (weathering) generatoare de tafoni. Tafoni pe care i obsérvim in prezent
au rezultat din metcorizarea in alte conditii climatice, probabil in Pleistocen, procesele actuale fiind blocate dupa
cumn indica stratul de licheni bine consolidat. in climatul mediteranean maritim din Insula Sardinia procesul de for-
mare #l tafonilor este activ s1 prezent (Fig. 5). Procesul genetic al tafonilor (Fig. 6) incepe cu Formarea crustelor
groase de exfoliere. In stadiul al doilea se formeaza crustele subtin i excavatii mici (pits) care perforesza crusta

de exfolicre. In stadiul al wreilea se extind pirs si se definitiveaza 1afoni.

Tafom sunt excavatii cu diferite forme, su-
prafete si adincimi dezvoltate pe planurile ver-
ticale granitice prin procese de meteorizare.

Termenul provine din Insula Corsica, unde
au fost observati si descrigi, se pare pentru
prima data, de H. Reusch la sfarsitul secolului
al XIX-lea. Ulterior, conceptul a fost aprofun-
dat si studiat pe toate continentele $i in toate
climatele pe roci foarte diferite, dar in special
pe granite.

in Romania, tafoni an fost semnalati de noi
pentru prima intr-0 comunicare ramasa nepu-
blicata (E. Vespremeanu, 1969). Observatiile
efectuate, mai ales in ultimn ani, ca §1 expe-
rienta obfinutd prin cercetdri pe teren in
Insula Sardinia, regiune in care se afla tafoni
granitici tipici, au confirmat ipoteza noastra
anterioard, ceea ce ne determina sa revenim in
nota de mai jos.

Culmea Pricopan este situatdi In Munti
Macin, Dobrogea de Nord i reprezintd un
lacolit granitic stravechi supus numeroaselor

Revista de geomorfologie ne 6, 2004, p, 131-137

stresuri datorate activitatilor tectonice foarte
intense din Mezozoic s1 Neozoie (D, M.
Cidere, 1910: D. Rotman, 1910; V. Mutihac,
L. lonesi, 1974; M. Sandulescu, 1984; L.
lonesi, 1994 1. C. Hippolyte, 2002).

Granitul pe care se dezvolta tafoni este de
tip gneissic cu biotit, microclin si albit, cu
granulatic grosicra (D. Giusca, 1933).
Granitul s-a format dintr-0 magma alcali-cal-
cica si a suferit diferentieri multiple in proce-
sul de consolidare (1. Atanasiu, 1940). Aceste
planuri multiple de consohdare, ca §1 stresu-
rile intense de mai tarziu, au contribuit esen-
tial la impunerea unor anumite directii,
intensitati §i ritmuri pentru procesele de
meteorizare.

Relieful culmii Pricopan se caracterizeaza
prin prezenta unei creste ascutite cu 9 inseuan
51 10 varfun (E. Vespremeanu, 2004). Versan-
tele vestice sunt abrupte cu numeroase micro-
forme de meteorizare.
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Fig. 1 Principalele caracteristici ale climei din regiunea culmii Pricopan

Regimul climatic este de stepa dupd cum
rezultd din diagrama climatici complexa
(Fig. 1). Cantitatea medie anuala de precipi-
tatii este de 450-480 mm, iar specificul aces-
tora este dat de caracterul torential si de
prezenta perioadelor lungi de seceti.
Temperaturile medii anuale au valoarea de de
10° C. Temperaturile diurne variaza vara intre
7§142° C, iar in timpul iernii, intre -30° C si
20° C. Valorile extreme ale temperaturii aeru-
lui se inregistreaza rar. In aceste conditii ¢li-
matice toate procesele de meteorizare se
desfasoara foarte lent, cea mai mare parte a
microformelor de creasta si versant fiind
mostenite.

Localizarea tafonilor. Tafoni sunt prezenti
pe peretii torurilor si ale blocurilor de granit

(Fig. 2) la cele mai diferite inaltimi fatd de
nivelul solului §i pe cele mai diferite orientiri,
Misuratorile noastre nu releva corelatii sem-
nificative cu orientarea peretelui si indltimea
fata de baza torului sau blocului pe care se
afla.

Forma tafonilor este predominant ovoida
i piriforma, iar adancimea lor variaza intre
10 51 50 em (Fig. 3 $i Fig. 4), Toti tafoni cer-
cetall prezinti cruste pe care se afla un strat
bine fixat de licheni ceea ce relevi inactivi-
tatea actuald a procesului de adancire, spre
deoschire de tafoni din Sardinia (Fig. 5) care
au in prezent o evolutie activa datorita climat-
ului mediteranean umed specific insulei,

Geneza tafonilor. Procesul genetic
demareaza prin formarea crustelor groase de
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Fig, 2 Tafom pe un bloc granitic (foto E. Vespremeanu

meteorizare, proces favorizat de structura
internd concentrica a blocurilor s1 torunlor
granitice. Aceastd structurd este rezultatul
consolidari diferentiate a magmei alcali-cal-
cice, asa cum s-a aritat mair sus. Formarea
crustelor se datoreaza transmisiei variatiilor
termice de la suprafatd spre profunzime. In
stadiul al doilea se formeaza crustele subtiri
perforate de orificii, dupad care urmeaza pro-
cesul de largire al cavitatilor s1 de extindere a

. iulie 2001)

e
el

tafonilor (Fig. 6).

Majoritatea tatonilor din Culmea Pricopan
sunt rezultatul proceselor de meteorizatie in
alte conditii decit cele actuale, probabil in
Pleistocen 51 Holocen.

Concluzii. In Culmea Pricopan, pe peretii
blocurtlor i torurtlor granitice sunt prezente
microforme de meteorizate cavernicola din
categoria tafoni. Acestea sunt microforme
mostenite, datorandu-se modeldrn in alte con-
ditti decat cele actuale.
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Fig. 5 Stadiile de formare a tafonilor

Fig. 6 Tafoni pe un bloc granitic din Sardinia (foto E. Vespremeanu, mai 2000).
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MISCELLANEA

Al IX-lea workshop al geomorfologilor din Italia, Roménia, Franta, Belgia
Neuvieme rencontre de géomorphologie. ltalie - Roumanie - France - Belgique
Aspects Géomorphologiques et Géoarchéologiques des changements elimatigues en Eu-
rope (Geomorphological and Geo-archeological aspects of climates changes in Europe)
3= 6 juin 2004, Reims, Campus Croix-Rouge,

Al IX -lea workshop italiano-romén de geo-
morfologie, prin includerea si a colegilor geo-
merfologi din Franta si Belgia, a capatat o di-
mensiune internationald, $1 s-a desfasurat la
Reims intre 3 §i 6 wunie 2004, Simpozionul va
f1 organizat, prin rotatie, de citre una din tari-
le participante.

Astfel cea de-a noua intilnire romano-italia-
ni a devenit prima intalnire care a reunit oficial
geomorfologii din patru tari- [talia, Romania,
Franta, Belgia.Ea a fost organizata de Groupe
Francais de Géomeorphologie GFG, Universi-
tée de Reims Champagne — Ardenne si de Gro-
upe de Travanl Géoarchéologie al AIG.

Comitetul de organizare (Alain Marre -
Unmiversitatea din Reims, Eric Fouache - Uni-
versitatea Paris X1, Jean-Michel Carrozza -

Universitatea Louis Pasteur din Strasbourg,
Alain Devos- Universitatea din Reims ), ala-
turi de secretariat (C.Dumenil, O.Lejeune, J.-
F.Gennesseau, P.Pannet, A. James) au asigu-
rat o buni desfisurare lucrarilor.

Workshopul a fost inscris sub patronajul
asociafilor geomorfologilor din cele patru
tari, fiind inscris totodata sub auspiciile Inter-
national Association of Geomorphologists (
Mario Panizza, talia, presedinte al IAG ), bu-
curandu-se si de participarea respectivilor
presedinti: Francesco Dramis (Italia-AlGeo).
Emil Vespremeanu (Romania- AGR), Fric
Fouache (Franta- GFG), Morgan de Dapper
(Belgia- BAG).

Cele circa 30 de comuniciri (inclusiv poste-
re, vizionate i prezentate unele in plen) au
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fost grupate tematic in cinci sesiuni, astfel:
Geomorfologia si ocuparea spatinlui de cdtre
om,; Geomorfolgie. Arheologie, Amenajdri
urbane si riscuri; Geomorfologie, modificdri
climatice i medii naturale; Geomorfologie si
Arheologie I; Geomorfologie 5i Arhicologie Il

Cercetarile in teren au avut loc pe valea
Mamet si au vizat probleme de captare, te-
rase, raporturile tectonicd — retea hidrografi-
¢ etc, precum §i vizitd la laboratorul subte-
ran de deseun radioactive ANDRA. Explica-
thile in teren s-au constituit intr-o cunoastere
efectiva a reliefului Frantei din aceasta re-
giune, dar si a potentialului aplicativ al cer-
cetarii stuntifice franceze,

Programul a inclus §i vizita unor principale

Miscellanca

obicctive istorice si turistice ale orasului Re-
ims (Catedrala, cave de champagne etc.).

Lucranle sesiunii au pus in evidenta legatu-
rile §i implicarile geomorfologiel cu/si alte
stiinte, necesitatea cercetarilor interdiscipli-
nare asupra mediulu, in care relicful se impu-
ne cu necesitate, dar mai ales redarea acesto-
ra in devenirea lor evolutivo-arheologica si
dinamica actuala.Toate acestea reclama si o
viZziune prospectivi asupra naturii.

In ansambluy, workshopul de la Reims se in-
scrie ¢a o reusita de exceptie. Extinderea de la
doud participarii specialistilor de la doua la
patru tan s-a dovedit a fi benefica, in folosul
cunoasterni stiintifice, dar si al raporturilor
umane.

Florina Grecu

International Workshop on Alpine Geomorhology & Mountain Hazards
Workshop international de geomorfologie alpini si hazarde montane
Balea Cascadid — Munyii Fagdras

in cadrul organizarii International Wor-
kshop on Alpine Geomorphology & Moun-
tain Hazards, realizated de catre Universita-
tea de Vest din Timisoara, Departamentul de
Geografie, Asociafia Geomorfologilor din
Romania (AGR), respectiv The Carpatho -
Balkan  Geomorfological — Commission
(CBGC) a fost aleasa ca locatie reprezentati-
vi de desfasurare, pentru tematica manifesta-
ri statiunea din Muntii Fagaras - Carpatii
Menidionali, Balea Cascada (1234m), situata
pe Transfagarisan, la circa 65 km de Sibiu.

Desfasurat in perioada 23 — 26 Septembrie
2004, programul conferintei impartit in ate-
liere de lucru, pe data de 24 septembrie si
aplicatia de teren pe Valea Glaciara Bilea (25
septembrie), a beneficiat de participarea geo-
morfologilor atit din Romania, cit si striini,
membril ai institutelor i universititilor euro-
pene (Elvetia, Germania, Polonia, Ungaria,
Cehia gi Slovacia, etc).

Programul workshop-urilor a cuprins doud
sesiuni in functie de tematicile propuse: Geo-
morfologie Alpind, desfasurata in trei sedinte,
§1 respectiv Hazarde montane; conferinta a

totalizat un numar de 28 de lucriri, dintre care
10 au adus in discutie problematici si noi me-
todologii de analizi a hazardelor si fenome-
nelor de risc in mediul alpin si subalpin; in
aceasta sectiune s-a pus accentul pe impactul
factorilor §i clementelor climatice asupra
ecosistemelor montane, dezvoltarea domeni-
ilor schiabile in functic de suportul geomor-
fologic, ori pe studn de caz in ceca ce prives-
te comportamentul stratului de zapada. Pe de
alta parte, in cadrul primei sesiuni, au existat
cel putin doud directii dominante, ce au fost
conturate de abordari uzuale in geomorfolo-
gia alpina, si anume geomerfologia glaciara
§1 periglaciard; insa, au existat si lucrari cu
alte preocupdri, legate de evolutia poligene-
ticd a masivelor montane, fiind prezentate
modele de evolutie a reliefului; alte subiecte
au fost legate de morfodinamica versantilor
§1 a depozitelor glaciare i periglaciare, evo-
lutia permafrostului actual sau fosil, modele
ale evolutici complexelor glaciare, gla-
cio-nivale, morfologia complexelor alpine si
subalpine, tratate atit teoretic cit si ¢a studii
de caz.
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Intr-o privire generald asupra arealelor de
cercetare se poate concluziona faptul ¢d s-a
acoperit 0 zond extinsd ca suprafata, cuprin-
zand Muntu Carpati, Tatea, Caucaz, insa cu
predilectic asupra masivelor inalte din Carpa-
til, in special asupra ramurii Meridionale.

Abordarea acestor subiecte a fost un real
succes cu atat mat mult cu cat in investigarea
de teren si de laborator s-au folosit metodolo-
gii utilizate in noua abordare geomorfologica
ce s-au concretizat prin utilizarea diverselor
metodelor de datare, metode pedologice, me-
tode de identificare a ratelor de miscare, ori
SIG; de asemenca au existal preocupari in
ceea ce priveste elaborarea unel palete de
simboluri tematice pentru intocmirea unei
hartii geomorfologice unitare a Europel, a ¢i-
rei elaborare a inceput cu ana Varsovia, incd
din perivada anilor 1970,

In urma colaborarilor internationale dintre
institutii, departamente de profil, dar si insti-
tute din alte domenii de cercetare, materiali-
zate in echipe mixte, (peste 20% din lucririle
expuse au fost create de acest gen de echipe
mixte) s-a remarcat valoarea stiintifica a lu-
crarilor, fapt din care se poate concluziona ne-
cesitatea cercetdrilor pe criterii nu numai in-

terdisciplinare ¢it si multinationale.

Aplicatia de teren, din doud vanante propu-
se, a urmat trascul (cu o diferenta de nivel de
peste 1200 metrii) Balea Cascada (1234 m) -
Circul glaciar Balea (2040 m) - Saua Capra -
Virful Vanatoarea lui Butcanu Y2507 m)
Circul glacial Vaiuga — Balea Cascada, dove-
dindu-s¢ o foarte buni ocazie de discutn la
fata locului”, de schimburi de informatii s
opinii asupra evolutiei reliefului glaciar si pe-
riglaciar, asupra urmelor (microformelor i
formelor de relief) ce se pot identifica pe
teren i reprezintd indicatori ai fazelor $1 sta-
diilor glaciare, asupra diverselor conditii lo-
cale de evolutie sau mvolulie a structurnilor
periglaciare, dar si asupra altor teme legate fie
de interventiile antropice, fie legate de mediul
alpin si subalpin al ariei Balea; de asemenea,
fiind prilejuite si de existenta unor arcale
esantion de investigare, schimbul de opinii
realizat, a fost oportun unor comparatii cu si-
tuatii similare din alte masive montane din
Carpati sau din Tatra.

In consecinta, acest workshop s-a dovedit a
fi o manifestare, nu numai la mare indlfime,
dar si de o inaltd tinuta stiintifica, prin boga-
tul spectru de abordare a problematicilor le-
gate de geomorfologia alpina.

Andreea Andra

Recenzii

MIHAL IELENICZ, Geomorfologie, Editu-
ra Universitard, Bucuresti, 2004, 340 p., 55
figuri, fotografii

Cumuland un volum impresionant de in-
formatii cu scheme sintetice, schite de teren
s1 fotografli, cursul de Geomorfologie elabo-
rat de prof. univ. dr. Mihai lelenicz a aparut
ca 0 necesitate in peisajul publicistic umver-
sitar. Intr-o abordare moderna, lucrarea este
structurati in einci parti, insitand pe geomor-
fologia genetica, consideratad de autor esen-
tiala in pregatirea studentilor aflati in primu
ani de studiu.

in prima parte sunt expuse probemele teore-

tice ale geomorfologiei la scara globald. Se
remarca modul sintetic in care este structura-
ta informatia, incepand cu definirea obiectu-
lui de analiza, diviziunile 1 principalele di-
rectii in studiul relicfului, metodologia speci-
fica de investigatic. Pentru injelegerea meca-
nismelor care impun functionalitatea sisteme-
lor morfologice, ultimele trei capitole prezin-
ta sursele energetice generatoare de relief,
agentii 5i procesele cu implicare directd in ge-
neza $i evolutia geomorfosferei, in concor-
dantd cu legile generale si cele specifice, or-
ganizate pe diverse trepte ierarhice,

Partea a doua — Geomorfologie genetica -
este §1 cea mai cuprinzitoare, desfasurin-
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du-se pe 230 de pagini. Dupa o sumara pre-
zentare a componentei reliefosferel, sunt ana-
hzate succesiv principalele categoni de relie-
furt ordonate in functie de importanta si com-
plexitatea agentului si frecventa formelor re-
zultate la suprafata terestrd. Pentru a facilita
intelegerea i insusirea notiunilor teoretice au
fost utilizate numeroase cxemple concrete,
explicitate prin ¢rochiuri, schite de hanta, fo-
tografn.

Chimatele i individualizarea unor sisteme
morfogenetice caracteristice fac subiectul ce-
lei de-a treia parti a cursului. Pentru inceput,
autorul prezinta cronologia ideilor care au
condus la conturarea conceptici morfochma-
tice in geomorfologie ca subramura distincta.
in conformitate cu aceasta, se trece de la ana-
liza teoreticd, de ansamblu a categorulor de
reliefun determinate genetic, realizatd in ca-
pitolele anterioare, la particularizarea fiecarm
sistem morfologic in functie de conditiile re-
gionale si locale, subliniind relatiile de inter-
dependenta existente intre structura mediului
geografic, agentii, procesele si formele de re-
lief rezultate in cadrul fiecirei zone si cta)
morfoclimatic.

Partca a patra, foarte succintd, prezinta
modul in care formele de relief pot fi grupa-
te in unitati teritoriale cu o anumita dezvol-
tare spatiald, in functic de specificul morfo-
logic, prin doud operatiuni distincte: regio-
narea §i tipizarea. In vederea realizirii unei
regiondri geomorfologice sunt luate in con-
sideratic caracteristici precum: omogenita-
tea, unicitatea, relatilt structurale si functio-
nale, icrarhizarea. Analiza generalizata a
unitatilor morofologice regionale conduce la
stabilirea tipurilor, ca modele sintetice de or-
din teoretic, esentiale in cunoasterea si infe-
legerea rehefrului terestru.

Ultima parte a lucriri grupeaza sub titulatu-
ra ..Evolutia generala a reliefului™ proincipa-
lele teorn care exphica individualizarea unita-
tilor majore de relief dar s1 modelele evoluti-
ve care au avut drept rezultat complexitatea
morfologica a regiunilor de uscat. Fira a ac-
centua importanta vreunei teorit, autorul se
rezuma la o prezentare obiectiva, cronologici
a abordanlor diferite de la autor la autor a
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condititlor de modelare i implicatitlor aces-
tora in morfogeneza, sugerand si tendingele
actuale ale preocupirilor in domeniu,

Rezultatd in urma unel indelungate activi-
tati de documentare si cercetare geomorfolo-
gica de teren, lucrarea surprinde prin modul
fericit in care imbind abordarea teeretica cla-
sicd cu maniera personald de analiza a proble-
maticii geomorfologice fundamentale. Nota
de originalitate, care impune $i caracterul for-
mativ al cursului, constd in formularea, la
sfarsitul fiecarui capitol, a unor cerinte speci-
fice, ce permit cititorulun evaluarea asimilarn
continutului, dar si stabilirea reperelor csen-
tiale in cunoasterea reliefului.

Mihaela Verga

NICOLAE RADOANE, Geomorfologia
bazinelor hidrografice mici, Editura Umver-
sitafii Suceava, 2002, 255 pag., 82 fig., rezu-
mat Ib.engleza

Lucrarca Geomorfologia bazinelor hidro-
grafice mici este structurata in opt capitole in
care se studiaza factorii de control, procesele
geomorfologice actuale dar acestea sunt pri-
vite si ca sursa de aluviuni. Aceasta lucrare se
inscrie pe linia cunoasterii proceselor geo-
morfologice din cadrul unui bazin hidrografic
mic, Intreaga lucrare se axeazi pe interpreta-
rea bazinului hidrografic mic ca un sistem
deschis care primeste si cedeazd materie §i
energie.

Autorul, experimentatul prof.univ.dr.Nico-
lac Radoane, a inceput studierca procesclor
geomorfologice actuale odatd cu anul 1976,
cercetarea realizandu-se in contextul in care
interventia antropicd a imprimat particulari-
tati aparte unora dintre procese, in primul
rand celor de albie.

Lucrarea, prin excelenta de geomorfologie
dinamica, a fost orientata de la inceput pe re-
alizarea de masuratori amanuntite, pe cunoas-
terea mecanismului intrinsec al produceri
proceselor si legdturilor ce exista intre facto-
rii de control si procese.

In primul capitol autorul realizeaza locali-
zarea perimetrului luat in studiu, stadjul actu-
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al al cunoasterii bazinelor hidrografice pe
plan mondial precum si un argument al pro-
priilor cercetari. Cel de-al doilea capitol are
caracter teoretic, in el autorul abordind con-
cepte moderne in geomortologie, cum ar fi
cele de marime, freeventa, sezonahtate s1 bi-
lant geomorfologic,

Factori de control sunt prezentati detaliat in
cel de-al treilea capitol (factorn geologic,
geomorfologic, chimatic, hidrologic, biogeo-
grafic §1 antropic), de asemenca realizandu-se
icrarhizarea factorilor si legatura dintre aces-
tia.

Urmatoarele trei capitolesunt dedicate pro-
ceselor geomorfologice actuale (surpart §i
rostogoliri, crep, alunecan de teren, curger
de noroi, pseudosolifluxiuni, eroziune in su-
prafatd, eroziune torentiala, modelarea albiet,
eroziunea chimicd). Ca un element de sinteza
este realizata harta proceselor geomorfologi-
ce actuale.

Un capitol important al lucrarii este dedicat
bazinelor hidrografice ca surse de aliviuni,
abordare care se inscrie pe limia traditiel sco-
lit geomorfologice de la statiunea Pangarat.
In acest capitol este evaluata productia de alu-
viuni atit prin metode tehnice cat $1 experi-
mentale.

Lucrarea, o reald contributie la studiul bazi-
nelor hidrografice mici, prezinta in ansamblu
desfasurarea procesclor geomorfologice actu-
ale, mecanismul acestora si legaturile com-
plexe ce exista intre factorii de control i pro-
cese. Autorul a desfisurat o cercetare de tip
experimental asupra proceselor de eroziune 1
transport, a stabilitatn versantilor pentru eva-
luarea bilantulni denudational s1 a identifica-
rii tendintelor actuale in dinamica reliefulm
din aria muntilor flisulw din Carpatu Orien-
tali.

Recomandam lucrarea cu cildurd tuturor
acelora care studiazi bazincle hidrografice, in
primul rind dinamica actuala din cadrul aces-
tora.

Bogatul matenal grafic $i cartografic com-
pleteazi o lucrare de referinta pentru studiul
bazinelor hidrografice mici din Romama.

Lect.unividr, Laura Comednescit

FLORINA GRECU, GIOVANNI PAL-
MENTOLA, Dynamic geomarphology,
Ed. Tehnica, Bucuresti, 2003, 392 p., 216
figs., 47 tables.

Florina Grecu of the Unmiversity of Bucha-
rest (Romamia) and Gilovanni Palmentola of
the University of Bari (Italy) have developed
a set of concepts, theories and laws on the
structure of processes and forms, the relations
between them and their functions.

The author’s approach focusses on one ba-
sic idea namely slope and channel system
dynamics and related to it glacial, coastal and
acolian processes. The work is divided in five
parts and sixteen chapters.

Part One - Fundamentals, discusses the
identity of dynamic geomorphology pomnting
to the place and role of landforms as dyna-
mics effect (Chapter on Global theoretical
bases — philosophical and physical), the ori-
gin, classification and change of landforms
(chapter on Landforms). It is basically a dis-
cussion of the significance of landform dyna-
mics in time and space in the case of
short-term phenomena and of the sudden and
long-term manifestation of landform on lo-
cal, regional and global scale.

Part Two - Rock and hypergenesis comple-
tes the content of dynamics by a detailed ap-
proach to the characteristics of rocks (humidi-
ty, porosity, cohesion, angle of intemal fric-
tion, plasticity, sensitivity, tixotropy, permea-
bility and chemical properties), hypergenetic
processes (physical — mechanical, chemical
and biotic) and the weathering cover.

Part Three-Slopes-dominantly gravitational
processes 18 a synthetic presentation of the
fundamental slope processes such as the no-
tion of slope, morphometric and morphogra-
phic particularities, classification and functio-
nal slope units, evolution of slopes, models
and theories on slope dynamics. In the same
way the authors deal with sinking-induced
movements, movements triggered by piping
and down sagging, landslides and slope depo-
sits. All the chapters included n this part of
the book pinpoint the interactions between
processes and forms, the latter being modi-
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fied by the former, and once forms are modi-
fied they engender other processes; the rela-
tions between them are subsequently reorga-
nised in terms of form size and process inten-
sity against the general background tending
towards equilibrium.

Part Four makes a multifactoral analysis of
water processes and related forms. Chapter
12-The morphohvdrographic basin-elements
of dvnamic geomorphology deserves a special
mention for the scientific value of the quanti-
tative analysis model of various-order basins
and the development of a complex law of de-
pendences among the variables defining the
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drained area (geomorphometric model of
drainage, surfaces, perimetres, slopes. etc.)
and the multiple correlations.

The last part (author Prof. Palmentola) com-
pletes the special dynamics of forms shaped
by glacial processes (the Absaroca the French
Alps-Chamonix, Canada), coastal processes (
Nazara Beach- Portugal) and acolian proces-
ses (Algeria and Libia).

The rich illustration (graphs and maps). the
wealth of information, the statistical-mathe-
matical methods used and the authors’ ap-
proach to the subject confer the work a theo-
retical and methodological value.

D Maria Sandu
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