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Eric   FOUACHE   
 

 

 
R®sum®. La g®oarch®ologie est d®finie intitutionnellement dans les ann®es 1970 dans le sillage des recherches men®es 

par Claudio Vita Finzi (1969) et lôUniversit® de Cambridge. Son d®veloppement a accompagn® la prise de conscience 

que les fluctuations climatiques et lôaction de lôhomme avaient pu constituer, ¨ lô®chelle de lôHoloc¯ne, dans des 

combinaisons o½ il est souvent difficile dôattribuer ¨ lôun ou ¨ lôautre de ces agents le r¹le principal, les facteurs 

d®clenchant de changements environnementaux. Ces derniers se sont souvent traduits par des morphogen¯ses originales 

quôil sôagisse de crises ®rosives ou de m®tamorphoses fluviales par exemples, lesquelles ont pu avoir un impact majeur 

sur les paysages. Plus largement les arch®ologues ont ®galement pris conscience de la mobilit® des paysages et du fait 

que les s®diments qui fossilisent les sites arch®ologiques, ou qui sont pi®g®s dans des sites dôarchives s®dimentaires, 

constituent en eux-m°mes un objet dô®tude, dôo½ on peut extraire une information naturaliste, laquelle peut permettre de 

reconstituer lôhistoire de lôenvironnement dans son interaction homme/milieux. Une telle approche implique une 

collaboration interdisciplinaire entre des sp®cialistes des sciences humaines, historiens, anthropologues, arch®ologues, 

des sciences naturelles et de laboratoire g®ographes, g®omorphologues, g®ologues, quaternaristes, s®dimentologues, 

micromorphologues, botanistes, palynologues, malacologues, sp®cialistes de m®thodes de datation radiom¯triques etc. 
 

Mots clefs: G®oarch®ologie, Holoc¯ne, Interdisciplinarit®. 

 
 

Introducti on 

 

Lôapplication ¨ lôarch®ologie des m®thodes et 

techniques utilis®es en G®ologie est ¨ lôorigine une 

pratique de pr®historiens, de g®ologues et de 

quaternaristes longtemps centr®e sur la reconstitution 

des cadres chronostratigraphique et climatique du 

Quaternaire (Berger et al. 2000). Cette approche est 

toujours tr¯s productive comme en t®moignent si 

nous restons dans un cadre fran­ais les travaux de 

coll¯gues comme Pastre ou Antoine (Pastre et al. 

2003), Fedoroff et Courty  (2005).  

Dans les ann®es 70, sous lôimpulsion notamment 

de lôuniversit® de Cambridge et de  Claudio Vita-

Finzi (1969), mais aussi de la New Geography, puis 

de la New archaeology, cette pratique sôest ouverte ¨ 

la ç relation homme/milieu è, au ç territoire 

anthropis® è, ¨ ç lôarch®ologie du paysage è et ¨ 

lô®tude dôune p®riode peu ®tudi®e jusque l¨ 

lôHoloc¯ne. Cette pratique nouvelle nous pr®f®rons 

lôappeler ç approche g®oarch®ologique è, plut¹t que 

ç g®oarch®ologie è, En effet, de notre point de vue, 

il ne sôagit pas dôune nouvelle discipline, mais dôune 

nouvelle perspective interdisciplinaire ¨ cheval sur 

les sciences humaines et les g®osciences. Cette 

derni¯re f®d¯re les m®thodes et les outils de 

plusieurs disciplines au service de th®matiques de 

recherches environnementales dans le champ de 

lôarch®ologie, ¨ diff®rentes ®chelles, dans une 

perspective intra-site comme r®gionale. Trop 

souvent la g®oarch®ologie est pr®sent®e comme un 

catalogue dôinterventions successives dans le 

domaine de la g®omorphologie, de la s®dimentologie, 

de la p®dologie, de la stratigraphie, de la 

g®ochronologie, de la  micromorphologie, de la  

palynologie, de la malacologie etcé, pr®sent®es 

comme une liste de techniques de laboratoires 

(Waters 1992, Rapp et Hill 1998). Lô£cole 

g®oarch®ologique fran­aise sôinscrit ®galement dans 

ce courant, mais une partie de son originalit® et de 

sa richesse provient du fait que plus quôailleurs les 

approches g®ographiques et g®omorphologiques 

gardent une place centrale. 

Les g®omorphologues fran­ais ont eu tr¯s t¹t 

conscience, notamment chez les chercheurs travaillant 

dans le bassin m®diterran®en, que les fluctuations 

climatiques et lôaction de lôhomme avaient pu 

constituer les facteurs d®clenchants de changements 

environnementaux et de surcro´t dans des 

combinaisons dont le r¹le respectif est souvent 

difficile ¨ attribuer ¨ lôun ou ¨ lôautre de ces agents 

(Neboit 1983, Fouache 1999). Leurs recherches, 

impuls®es en partie par Pierre Birot, se sont 

concentr®es sur lô®tude de morphogen¯ses 

originales, sismicit®s, crises ®rosives et 

alluvionnement importants (Ballais, Bousquet, 

A r t i c o l e / P a p e r s  
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Dufaure, Jorda, Neboit, P®choux, Provansal, Vogt), 

m®tamorphoses fluviales (Bravard, Arnaud 

Fassetta), dynamiques sp®cifiques aux milieux 

littoraux (Dalongeville, Paskoff, Pirrazoli, 

Provansal, Sanlaville, Morhange, Goiran, Vella), ou 

aux zones arides (Coque, Gentelle, Geyer) 

lesquelles avaient pu avoir des impacts majeurs sur 

les paysages.  

ê leur tour, les arch®ologues ont ®galement pris 

conscience de la mobilit® des paysages (Burnouf, 

Clavel L®v°que, Chouquer, Favory, Leveau). 

Lôinsertion des g®omorphologues/g®ographes dans 

les ®quipes de recherche sur les dynamiques  

environnementales du pass® nôen a ®t® que facilit®e 

(Fouache 2003). Dôabord du fait que si les 

s®diments qui fossilisent les sites arch®ologiques 

constituent en eux-m°mes un objet dô®tude, dôo½ 

lôon peut extraire une information naturaliste 

pouvant permettre de reconstituer lôhistoire de 

lôenvironnement, lôenregistrement de ces s®diments 

ne peut se comprendre sans conna´tre le cadre 

spatial de leur mise en place : local, r®gional, 

global, lequel est souvent d®laiss® dans les 

approches tr¯s fines des sp®cialistes de laboratoire. 

Le g®ographe, habitu® ¨ ç jouer è avec lôespace et 

avec le changement dô®chelle, a pu alors apporter 

un ®clairage ¨ la r®solution de certaines 

interrogations. Une telle approche implique 

®videmment une collaboration interdisciplinaire 

efficace de tous les chercheurs de lô®quipe : 

sp®cialistes des sciences humaines (historiens, 

anthropologues, arch®ologues é), et sp®cialistes 

des sciences naturelles et de laboratoire 

(g®ologues, quaternaristes, s®dimentologues, 

micromorphologues, g®ochronologues, botanistes, 

palynologues, arch®ozoologues, malacologues, é). 

Lôirruption de ces techniques explique que la 

g®oarch®ologie soit souvent d®finie comme 

ç lôapplication des m®thodes de laboratoire issues de 

la g®ologie et de la pr®histoire ¨ lôarch®ologie è 

(Rapp and Hill 1998). Mais cette d®finition nous a 

toujours paru trop ®troite, enfermant cette discipline 

dans un catalogue dôoutils. Une d®finition plus large 

est possible, comme ç lô®tude des dynamiques 

environnementales en relation avec lôhistoire et 

lôarch®ologie è (Fouache 2003), mais trop vaste elle 

nôest pas op®rationnelle. D¯s lors nous proposons la 

d®finition suivante ç Application des m®thodes 

issues de la g®ographie et des g®osciences ¨ la 

reconstitution, dans une perspective arch®ologique, 

des pal®o-environnements et des dynamiques  

paysag¯res è. 

Toute ®tude g®oarch®ologique sôint®resse 

n®cessairement ¨ la nature du site arch®ologique 

®tudi®, ¨ sa localisation, aux caract®ristiques 

physiques du milieu qui lôentoure et pose la question 

de lôampleur des changements enregistr®s dans le 

paysage depuis la p®riode dôoccupation consid®r®e 

(le plus souvent ¨ lô®chelle de Holoc¯ne, voire du 

Quaternaire), sous la double action des dynamiques 

environnementales et de lôaction humaine. Ces 

questions concerneront une r®gion plus ou moins 

vaste selon la nature du programme arch®ologique, 

notamment quôil sôagisse dôune fouille ou dôune 

prospection r®gionale. Dans tous les cas le paysage 

sera regard® comme un palimpseste dont il faut par 

une approche r®gressive reconstituer la gen¯se en 

remontant le temps. Les traces de cette ®volution 

peuvent °tre visibles en surface ou masqu®es par des 

formations superficielles, quôil sôagisse de pal®o-

chenaux fluviaux, de canaux dôirrigation ou de 

drainage, de pal®o-rivages, dôanciennes routes, de 

limites de finage, de traces de cadastration ou de 

vestiges arch®ologiques. Dans un souci de 

rationalit®, de coh®rence dans lôembo´tement des 

®chelles spatiales, et dôoptimisation des co¾ts, il sera 

souvent pr®f®rable dôorganiser lô®tude du r®gional 

au local, mais aussi de bien cerner les dynamiques 

de surface avant de se lancer dans une ®tude du 

dessous, lequel peut repr®senter plusieurs m¯tres de 

formations superficielles. ê chacune de ces ®tapes 

un savoir faire g®ographique est indispensable. Ce 

savoir faire renvoie ¨ une perception de lôespace-

temps sp®cifique du g®ographe et ¨ son expression 

cartographique.  

 
De la carte arch®ologique ¨ la carte 

g®omorphologique 
 

Il nôy a pas de bonne ®tude g®oarch®ologique sans 

que soit pos®e une question pertinente qui mette en 

relation les dynamiques environnementales et le 

contexte arch®ologique. Souvent cette question 

trouve son origine dans la lecture de la carte 

arch®ologique r®gionale, lorsquôelle existe, ou dans 

les r®flexions qui d®coulent des r®sultats des 

prospections de surface. Nous avons sch®matis® les 

cons®quences dôun certain nombre de dynamiques 

g®omorphologiques (Fig. 1), colluvionnement, 

alluvionnement, jeu de failles, variations relatives de 

plans dôeau (mer, lac ou mar®cages), qui peuvent 

expliquer que la carte arch®ologique, toujours en 

devenir, car compl®t®e au fur et ¨ mesure des 

d®couvertes, ne refl¯te pas toujours lôoccupation 

compl¯te dôun territoire ¨ une p®riode donn®e. 

Identifier ces dynamiques est un pr®alable 

indispensable.  

Côest la raison pour laquelle, que le programme 

arch®ologique concerne une fouille ponctuelle ou 

une prospection sur une aire plus vaste, il est 



Lôapproche G®oarch®ologique 

 

7 

pr®f®rable de d®buter lô®tude g®oarch®ologique par 

une analyse g®omorphologique r®gionale, toujours 

mise en perspective par rapport au contexte 

g®odynamique. La r®alisation dôune carte 

g®omorphologique r®pond ¨ quatre objectifs: 

identifier les secteurs dôaccumulation et les secteurs 

dô®rosion, d®limiter les secteurs ¨ dynamiques 

g®omorphologiques particuli¯rement actives, 

estimer les ®paisseurs de formations superficielles et 

permettre de discuter la r®partition spatiale des 

donn®es de la carte arch®ologique. Cette carte 

g®omorphologique permettra de guider les 

prospections, de caract®riser le contexte 

g®omorphologique dôun site arch®ologique et de 

localiser des milieux favorables au pi®geage 

dôarchives s®dimentaires. 

 

 

 Fig. 1: Sch®ma de synth¯se de lôapproche g®oarch®ologique 

 

R®aliser la carte g®omorphologique n®cessite une 

ma´trise de la topographie, de la cartographie et en 

r¯gle g®n®ral de la gestion  de bases de donn®es 

spatialis®es (Ghilardi). Côest la raison pour laquelle 

cette carte g®omorphologique doit °tre int®gr®e ¨ un 

Syst¯me dôInformation G®ographique (SIG), lequel 

pourra en outre int®grer un mod¯le num®rique de 

terrain (MNT), des donn®es SRTM, des mosaµques 

de photographies a®riennes et des compositions 

color®es dôimages satellites. Un SIG bien  fait doit 

°tre con­u dôembl®e ¨ une ®chelle qui permette 

lôint®gration des bases de donn®es environnementales 

et arch®ologiques, ce qui permettra la cr®ation de 

cartes th®matiques sp®cifiques.  

La r®alisation de la carte g®omorphologique 

r®gionale constitue donc la premi¯re ®tape dôune 

approche g®oarch®ologique men®e rationnellement. 

Elle peut naturellement °tre compl®t®e selon les 

besoins dôune cartographie des formes v®g®tales ou 

des ressources min®rales, qui peuvent tr¯s 

facilement °tre men®es de front.  

La carte g®omorphologique constitue la colonne 

vert®brale de ce que nous appelons la phase 1 de 

lôapproche g®oarch®ologique, laquelle sôorganise en 

4 phases. 

 
Les quatre phases de lôapproche G®oarch®ologique 
 

- La phase 1 est consacr®e ¨ une mission 

exploratoire ayant pour but, ¨ partir dôune 

cartographie g®omorphologique de distinguer les 

secteurs de fossilisation et dô®rosion ¨ lô®chelle 

de lôHoloc¯ne et dôinventorier toutes les pal®o-

formes visibles en surface. Cette ®tape est 

essentielle, car elle permet une premi¯re 

®valuation de la validit® de la carte arch®ologique 

et dôestimer lôampleur des changements 

morphologiques, tandis que lôon identifie en 

m°me temps les pi¯ges s®dimentaires 

susceptibles de constituer des archives pal®o-

environnementales. La prospection 

g®omorphologique peut bien s¾r °tre orient®e 

th®matiquement en fonction des questions pos®es, 

mais elle doit garder un caract¯re r®gional et 

aboutir ¨ d®limiter en accord avec les 

arch®ologues la dimension du territoire ¨ prendre 

en compte pour la suite de lô®tude. ê partir du 

moment o½ lôon dispose de cette cartographie il 

est possible en fonction de la nature des formes 

fossiles identifi®es, de leur organisation, des 

donn®es collect®es sur la v®g®tation, le climat, la 

tectonique, de croiser cette information avec celle 

fournie par lôarch®ologie et de proposer des 

sc®narios de dynamiques environnementales, 

quôil faut nourrir de donn®es pour les valider.  

 

-  La phase 2 consiste ¨ construire la d®marche 

scientifique qui permettra, au moindre co¾t et le 

plus rapidement possible, dôobtenir les donn®es 

pal®o-environnementales indispensables ¨ la 

validation des hypoth¯ses. Cela passe souvent par 

une ®tude du dessous, souvent dô®paisses 

formations superficielles alluviales, parfois 

associ®es ¨ des fouilles arch®ologiques, mais pas 

obligatoirement. Les techniques sont multiples et 

vont de lôapproche indirecte, la t®l®d®tection, les 
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prospections g®ophysiques, ¨ lôobservation 

directe sous la forme de sondages, de carottages, 

de pr®l¯vements de surface ou micro-

morphologiques, tous n®cessairement r®alis®s ¨ 

des emplacements soigneusement choisis. 
 

-  La phase 3 est celle du travail de laboratoire et 

des sp®cialistes des pal®o-environnements quôil 

est souvent judicieux dôavoir associ®s au 

pr®l¯vement des donn®es. Ces ®tudes sont 

toujours longues et co¾teuses et il toujours 

pr®f®rable de ne reprendre le travail de terrain 

quôapr¯s avoir int®gr®es les donn®es qui en 

r®sultent. Côest cette alternance entre travail de 

terrain et travail de laboratoire qui permet de 

mener de fronts plusieurs programmes 

g®oarch®ologiques. 
 

-  En phase 4, il faut parvenir ¨ une reconstruction 

spatiale et chronologique des acquis du 

programme pal®og®ographique et pal®o-

environnemental qui a d®but® au minimum entre 

deux et trois ans auparavant et en extraire le 

maximum dôinformation utile aux probl®matiques 

arch®ologiques. Int®grer ces donn®es dans un 

Syst¯me dôInformation G®ographique est le plus 

s¾r moyen dôassurer la p®rennit® de leur 

enregistrement et de permettre des mod®lisations 

spatiales des diff®rentes reconstitutions pal®o-

g®ographiques obtenues. 
 

Il ne sôagit naturellement pas dôimposer ¨ tout 

programme arch®ologique ce calendrier et ce 

protocole. Il est tout ¨ fait possible de d®buter une 

®tude g®oarch®ologique directement par des 

pr®l¯vements destin®es ¨ des analyses pal®o-

environnementales, mais il ne faut le faire que si 

lôon est s¾r que les donn®es ant®rieures acquises 

balaient bien lôensemble du protocole que nous 

venons de d®finir, au risque sinon de faire des 

erreurs majeures dôinterpr®tation ou dôaboutir ¨ des 

impasses m®thodologiques. Il est aussi des milieux 

g®ographiques o½ les dynamiques g®omorphologiques 

ont un faible impact quant ¨ la mobilisation des 

formations superficielles. Dans ces contextes 

particuliers, comme les regs sahariens ou les dashts 

iraniens, il nôest pas n®cessairement besoin dôune 

®tude du dessous. 

Jôai choisi dôillustrer cette approche m®thodologique 

¨ partir de deux exemples qui seront in®galement 

d®velopp®s. Lô®tude du contexte g®omorphologique 

dôimplantation du site de Konar Sandal Sud dans la 

vall®e de lôhalil Rud (Iran) et la cartographie des 

®paisseurs des s®diments du lac Maliq (Albanie), en 

relation avec les variations du niveau du lac depuis 

le N®olithique. 

Le Contexte g®omorphologique dôimplantation 

du site de Konar Sandal Sud (Iran) 

 

Le site de Konar Sandal Sud est situ® dans la vall®e 

de lôHalil Rud, dans le bassin de Jiroft, au cîur 

dôune r®gion qui a ®t® un foyer culturel important au 

IIIe mill®naire avant J.-C (Benoit 2003, Pittman 

2003, Vallat 2003, Lamberg Karlovsky 2003). La 

partie centrale du site arch®ologique correspond ¨ un 

b©timent imposant en brique cru, qui ®tait constitu® 

¨ lôorigine de deux niveau, et dont la hauteur 

aujourdôhui encore d®passe 20 m. Le tell (ç t®p® è) 

de Konar Sandal Sud est localis®s dans la plaine 

alluviale, quelques m¯tres au-dessus de la plaine 

dôinondation de la rivi¯re Halil. Le Professeur Y. 

Madjidzadeh, responsable du programme 

arch®ologique, souhaitait conna´tre lô®paisseur 

potentiel des couches arch®ologiques et pr®ciser le 

contexte dôimplantation du site. Nous avons donc 

mis en place la m®thodologie suivante. 

 
M®thodologie 

 

Afin de r®pondre aux questions des arch®ologues 

nous avons conduit notre ®tude avec une approche 

embo´t®e, men®e de lô®chelle r®gionale 

(cartographie g®omorphologique) ¨ lô®chelle locale 

(prospections g®ophysiques). Pour r®aliser la 

cartographie g®omorphologique r®gionale (Fig. 2), 

nous avons utilis® comme support deux images 

Landsat TM (12819-29/08/1988 et 2000). La 

cartographie sôest appuy®e sur les cartes 

g®ologiques au 1 : 100000 de Sabzevaran (1972) et 

de Mohammad Abad (1994), les cartes 

topographiques au 1 : 25000 de la vall®e de lôHalil 

Roud et de nombreuses prospections de terrain 

consacr®es notamment ¨ lôobservation des d®p¹ts 

quaternaires.  

Dans un second temps, nous avons utilis® des 

photographies a®riennes au 1 : 10000 (US Air 

Force, 1964) en vision st®r®oscopique pour 

reconstituer le lit dôinondation de lôHalil Roud et de 

ses affluents entre Jiroft et la d®pression du 

Jazmurian. 

En janvier 2005, nous avons proc®d® ¨ une 

exploration g®ophysique autour du T®p® de Konar 

Sandal Sud (KSS). Deux m®thodes dôinvestigation 

g®ophysique ont ®t® utilis®es pour ®tudier la 

g®om®trie des 15 premiers m¯tres de formation 

superficielles sur et de part et dôautre du site de 

Konar Sandal Sud: 

-  la m®thode ®lectrique (dispositif de 48 ®lectrodes); 

-  la sismique r®fraction (dispositif de 60 g®ophones). 
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Fig. 2 : Carte g®omorphologique de la vall®e de lôHalil Roud (Iran) 

 
En janvier 2006, afin de v®rifier les hypoth¯ses 

formul®es ¨ lôissue des prospections g®ophysiques 

sur la structure et lôorganisation des formations 

superficielles nous avons r®alis® 5 carottages.  
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R®sultats 
 

La vall®e de lôHalil Roud entre Jiroft et la 

d®pression du Jazmurian correspond ¨ un foss® 

tectonique, qui r®sulte du d®crochement le long des 

deux syst¯mes de failles actifs depuis le Plio-

Mioc¯ne.  

LôHalil Roud a le r®gime hydrologique dôun 

oued, caract®ris® par des ®coulements intermittents 

et discontinus localis®s durant les mois dôhiver, avec 

une tr¯s forte variabilit® interannuelle. Lôobservation 

des photographies a®riennes en vision st®r®oscopique 

r®v¯le un syst¯me de tressage actif et nous a permis 

de cartographier avec pr®cision les chenaux de crue 

de la plaine dôinondation de lôHalil Roud (Fig. 3). 
 

 
 

Fig. 3 : Plaine dôinondation de la vall®e de lôHalil Roud 

 
Deux niveaux dô®coulement au moins existent, en 

contrebas de lambeaux de terrasses, qui ne portent 

pas de traces dô®coulement r®cent en surface et sur 

lesquels se trouvent les sites arch®ologiques, au 

maximum 1 ¨ 2 m au-dessus de la plaine 

dôinondation proprement dite, si lôon exclue les 

points culminants des T®p®s. Les photographies 

r®v¯lent ®galement un pal®o-chenal. Il montre que le 

drain occidental a ®t® emprunt® par lôHalil Roud 

avant que celui-ci ne d®flue, ¨ une ®poque encore 

ind®termin®e, dans son chenal actuel. La derni¯re 

grande crue qui a submerg® lôensemble de la plaine 

dôinondation sôest produite en janvier 1992. 

Du fait de la forte dynamique de lôHalil Roud, 

aussi bien du point de vue des d®placements 

lat®raux du fleuve que de lôalluvionnement, il 

sôav®rait indispensable dô®tudier au moins les 15 

premiers m¯tres des formations superficielles pour 

esp®rer faire des hypoth¯ses raisonn®es sur la 

topographie de la plaine dôinondation ¨ lô®poque de 

la fondation des sites. Nous avons proc®d® ¨ une 

premi¯re ®tude ¨ faible r®solution sur le site de KSS, 

suivant 3 radiales en ®lectrique et en sismique.  

 
Donn®es en sismique r®fraction et en r®sistivit® 

®lectrique 
 

Trois profils de sismique r®fraction (Fig. 4), de 100 
m¯tres chacun, ont ®t® r®alis®s afin de mieux 
comprendre le contexte s®dimentaire dans les 
premi¯res dizaines de m¯tres de profondeur. 
DôOuest en Est nous avons proc®d® ¨ un premier 
transect dans le lit actuel de lôHalil Roud, ¨ un 
second sur le site de KSS et ¨ un troisi¯me dans la 
plaine dôinondation de lôancien Halil Roud. Sur 
l'ensemble des 3 profils, on trouve en surface un 
premier milieu caract®ris® par une tr¯s faible vitesse 
de propagation des ondes (V=300 ¨ 400 m/s). Ce 
milieu, d'une ®paisseur de 4 m sur le profil Est, 
apparait nettement plus ®pais (8 ¨ 9 m) sur le profil 
central (KSS) et montre ¨ nouveau une ®paisseur de 
l'ordre de 4 m sur le profil Ouest. Sous ce premier 
milieu, on trouve un second milieu caract®ris® par 
une vitesse de propagation nettement plus ®lev®e 
(1700 ¨ 1800 m/s), indiquant un important 
changement de lithologie. Entre ces deux milieux, 
on observe un niveau interm®diaire uniquement sur 
le profil Ouest. Ce milieu interm®diaire, d'une 
®paisseur de 4 ¨ 6 m, pr®sente une vitesse de 
propagation interm®diaire (950 m/s). La figure 4 
permet de confronter les altitudes relatives des 3 
profils. On voit se dessiner, au niveau de la partie 
sup®rieure du niveau ¨ vitesse ®lev®e (1700 ¨ 1800 
m/s) une pal®o-topographie, situ®e entre 4 et 12 
m¯tres de profondeur, qui semble pouvoir °tre celle 
sur laquelle se sont implant®s les sites et qui, compte 
tenu des vitesses de propagation mesur®es, doit non 
seulement °tre plus compact®e que la surface, mais 
aussi constitu®e dôalluvions plus grossi¯res. Les 
donn®es de r®sistivit® ®lectrique permettent de 
confirmer ce sch®ma en r®v®lant des anomalies dans 
le premier milieu (V=300 ¨ 400 m/s), qui compte 
tenu de leurs caract®ristiques (g®om®trie, 
h®t®rog®n®µt®s de conductivit®) semblent pouvoir 
°tre interpr®t®es comme des anomalies 
arch®ologiques. Côest ce que confirme la carte 
®lectrique en trois dimensions. 



Lôapproche G®oarch®ologique 

 

11 

 
 

Fig. 4 : Transect de sismique r®fraction ¨ Konar Sandal Sud (Iran) 

 
Au-del¨ de la preuve apport®e que la prospection 

g®ophysique peut localiser des structures 

arch®ologiques sur ce site, dont lôidentification 

rel¯ve cependant toujours de la fouille, les relev®s 

r®alis®s permettent de formuler ®galement des 

hypoth¯ses sur la topographie du site et de la plaine 

alluviale de lôHalil Roud ¨ la hauteur de Konar 

Sandal Sud au moment de la premi¯re implantation 

humaine, mais ces derni¯res doivent °tre 

pr®alablement situ®es dans le contexte r®gional. 

 
Pal®o-topographie de la vall®e et ®paisseur 

potentielle des couches arch®ologiques 
 

Nous ne sommes pas s¾rs que la carte arch®ologique 

actuelle refl¯te lôoccupation r®elle dans la vall®e ¨ 

lôĄge du Bronze. Les parties basses des sites 

arch®ologiques sont susceptibles dôavoir ®t® 

d®truites par les crues ou fossilis®es par les 

alluvions, en fonction des diff®rents niveaux 

possibles dô®coulement de lôHalil Roud. Lô®tude 

g®ophysique r®alis®e ¨ Konar Sandal Sud montre 

une discontinuit® majeure entre 4 et 10 m¯tres de 

profondeur, laquelle semble pouvoir correspondre 

au niveau de la premi¯re implatation humaine sur le 

site. Pour autant on ne conna´t pas lô©ge de cette 

interface. Elle est incontestablement ant®rieure ¨ 

lô©ge du Bronze, mais si le site avait connu une 

premi¯re occupation n®olithique il faudrait la vieillir 

dôautant. Le moyen le plus fiable et le plus 

®conomique de dater ce niveau de fondation est 

dôattendre que la fouille ait travers® les 10 ¨ 12 

m¯tres de couches arch®ologiques potentielles 

mesur®es au niveau des radiales 1 et 2 de KSS. 

La topographie dessin®e par la partie sup®rieure 

du milieu ¨ vitesse rapide de propagation des ondes 

(1700 ¨ 1800 m/s) confirme que les premiers 

occupants de KSS se sont simplement implant®s sur 

un interfluve l®g¯rement en relief par rapport aux 

talwegs. La hauteur actuelle des terrasses fossiles 

r®sulte visiblement dôun exhaussement au moins 

partiellement li® ¨ des am®nagements. Nous savons 

que tous ces points hauts nôont pas surv®cu aux 

d®placements lat®raux de lôHalil Roud. Côest 

notamment le cas ¨ lôOuest du t®p® de Konar Sandal 

Sud. Les photographies a®riennes de 1964 r®v®laient 

des traces dô®coulement superficiel au pied du T®p®. 

Les prospections g®ophysiques permettent de 

proposer ¨ titre dôhypoth¯se lôexistence dôune 

lentille alluviale grossi¯re, t®moin dôun ancien 

chenal de lôHalil Roud, qui correspondrait au niveau 

¨ vitesse de propagation interm®diaire (980 m/s). Si 

ce niveau interm®diaire ne sôobserve pas ¨ lôEst du 

t®p®, côest que la d®fluviation de lôHalil Roud est 

r®cente. Les alluvions de son lit majeur forment une 

mince pellicule qui repose 4 m¯tres seulement  

au-dessus du niveau de vitesse de propagation 

rapide (1700 ¨ 1800 m/s). Pour preuve, la n®cropole 

situ®e entre les sites de Konar Sandal Nord et Konar 

Sandal Sud a litt®ralement ®t® coup®e en deux par 

les chenaux actuels du fleuve.  
Dôun point de vue strictement arch®ologique, au-

del¨ de lôidentification de structures construites, la 
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prospection g®ophysique permet ®galement de 

proposer une hypoth¯se de plan g®n®ral pour le site 

de KSS. Une zone centrale ®lev®e est incontestable. 

Peut-°tre ®tait-elle entour®e dôun foss®, suivi dôune 

zone plane puis dôun rempart, comme semblent le 

sugg®rer les profils ¨ lôEst du site. Lôabsence dôune 

telle organisation ¨ lôOuest pourrait r®sulter dôune 

destruction de la partie occidentale du T®p® par des 

d®placements lat®raux de lôHalil Roud, 

post®rieurement ¨ lôabandon du site.   

La g®om®trie des formations superficielles 

pr®cis®e, nous avons r®alis® deux carottages de 

contr¹le sur le site et ¨ proximit® du site. Le 

carottage r®alis® ¨ lôOuest du site ¨ lôemplacement 

du transect de prospection g®ophysique ¨ confirm® 

lôexistence dôune lentille de sable fluviatile qui 

corrrespond ¨ des d®p¹ts de d®cantation proximaux. 

Le second carottage confirme lôhomog®n®it® des 

s®diments accumul®s sur le site proprement dit, sans 

que nous ayons pu atteindre la semelle de forte 

r®sistivit® ®lectrique identifi®e partout. Sa nature 

exacte reste ¨ confirmer.  

En ce qui concerne la carte arch®ologique nous 

pouvons affirmer que les grands sites urbains du 

type de KSS (Fig. 5) ont tr¯s certainement tous 

subsist®s dans le paysage, simplement remani®s ¨ 

leur marge ¨ lôoccasion des crues. En revanche les 

petits sites ruraux situ®s dans la plaine dôinondation 

sont tous sous plusieurs m¯tres dôalluvions, 2 ¨ 3 

m¯tres de recouvrement semble un bon ordre de 

grandeur, compte tenu des ®paisseurs dôalluvions et 

de colluvions que nous avons pu observer en coupe 

dans les tombes pill®es des n®cropoles. 

 

 
 

Fig. 5: Sch®ma synth¯tique dô®volution des dynamiques 

g®omorphologiques autour du Tepe de Konar Sandal Sud 

depuis son abandon 

Cartographie des ®paisseurs de s®diments du lac 

Maliq (Albanie)  

 
Depuis 1988 des fouilles arch®ologiques men®es 

dans le bassin de Kor­± en Albanie et plus 

pr®cis®ment ¨ Sovjan (Lera et al. 1996; Touchais et 

al. 2005,) ont confirm® que le pourtour du lac 

Maliq, aujourdôhui ass®ch® depuis des travaux de 

drainage r®alis®s en 1950, avait ®t® le foyer dôune 

n®olithisation pr®coce autour de 9000 BP). Du 

N®olithique Ancien ¨ lôAge du Fer r®cent (2300 BP) 

et notamment durant lôĄge du bronze Moyen (4500 

BP) les rives du lac Maliq ont ®t® dens®ment 

occup®es. Lô®tendu de ce lac mar®cage peu profond 

variait de 40km
2
 ¨ un maximum de 80km

2
. Afin de 

pouvoir interpr®ter le r®sultat de prospections de 

surface r®alis®es durant lô®t® 2007 nous avons 

r®alis® la mod®lisation en trois dimension de 

lô®paisseur des d®p¹ts lacustres au dessus des 

niveaux dôoccupation du N®olithique ancien. 

 
M®thode 

 
Une prospection g®omorphologique r®gionale nous 

a permis de comprendre que le lac Maliq, situ® ¨ 

812m dôaltitude et dra´n® par le fleuve Devoll 

depuis la fin du plioc¯ne, ®tait localis® dans la partie 

la plus subsidente du foss® dôeffondrement de Kor­± 

(entre 0,15 et 0,2 mm par an) et dans un secteur 

d®limit® par de grands c¹nes dô®pandages et les 

lev®es naturelles du fleuve Devoll. Dans un 

deuxi¯me temps nous avons r®alis® un transect de 

10 carottages espac®s chacun de 15 m dont lô®tude 

des d®p¹ts organiques (tourbe, anmoor) et 

s®dimentaires men®e par Michel Magny a permis de 

d®terminer diff®rents niveaux lacustres, lesquels ont 

®t® dat®s au C14. Lôutilisation de donn®es de 101 

carottages in®dits r®alis®s en 1974 par les services 

g®ologiques de Kor­±, recal®s chronologiquement 

par un carottage de contr¹le en position centrale 

dans le lac, sur lequel nous avons proc®d® ¨ 

plusieurs datations C14, int®gr®s ¨ un syst¯me 

dôinformation g®ographique nous a permis de 

constituer une base de  donn®es stratigraphique ¨ 

lô®chelle de lôancien lac. Afin de mod®liser en trois 

dimension ces r®sultats nous avons utilis® les 

donn®es SRTM3 (Shuttle radar Topography 

Mission) de la NASA. La qualit® des donn®es 

SRTM a ®t® v®rifi®e sur deux transects (E/W et N/S) 

de mesures au DGPS  de part et dôautre de lôancien 

lac. Les donn®es SRTM ont ®t® int®gr®es au SIG par 

St®phane Desruelles ¨ lôaide du logiciel ç ESRI 

ArcMap 9.1 è. 
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R®sultats 

 

Toutes ces donn®es int®gr®es permettent de proposer 

(Fouache et al. 2009) 4 reconstitutions 

pal®og®ographiques de lôextension du lac Maliq et 

de r®aliser une carte de lô®paisseur des s®diments 

lacustres au dessus des niveaux dôoccupation du 

N®olithique Ancien (Fig. 6). Cette carte outre 

quôelle permet de mieux guider et dôinterpr®ter les 

prospections de surface est ®galement un bon guide 

pour les am®nageurs int®ress®s par anticiper les 

questions pos®s par lôarch®ologie pr®ventive. 

 

 
 

Fig. 6: Epaisseur des s®diments au-dessus des niveaux N®olithiques au Lac Maliq (Albanie) 
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Conclusion 
 

Comme il est si souvent devenu en dôautres temps 
g®ologue ou quaternariste, le ç g®omorphologue de 
lô®cole g®ographique fran­aise è aurait donc pu 
devenir, au fil des ans et des missions qui se 
succ¯dent, un g®oarch®ologue.  Si certains 
paraissent quand m°me sôorienter dans cette stricte 
d®finition, il nôen est rien pour la plupart des 
chercheurs qui, soucieux dôapporter un ç plus è ¨ la 
r®flexion, misent prioritairement sur la r®flexion 
propre ¨ la g®ographie (Rasse et al. 2006).  
Pour un g®omorphologue int®grer un 

programmes de recherche g®oarch®ologique ne 

revient pas uniquement ¨ pratiquer une 

g®omorphologie appliqu®e de service et si la 

g®omorphologie a beaucoup apport® ¨ lôapproche 

g®oarch®ologique lôinverse est vrai ®galement. En 

effet lôinteraction homme-milieu se r®v¯le °tre 

capable de g®n®rer des morphogen¯ses originales ou 

de g®n®rer des marqueurs qui permettent de 

quantifier des dynamiques g®omorphologiques ¨ des 

®chelles de temps que lôon aurait cru impossible. 

La France constitue un terrain propice ¨ ces 

recherches, tant pas lôanciennet® de ses occupations 

humaines et la diversit® des milieux g®ographiques 

qui la caract®risent que par un r®seau dôinstitutions 

(r®gionales ou nationales : INRAP, DRA, 

commission des fouilles, CNRS, Universit®s etc é) 

qui financent des recherches en g®oarch®ologie en 

France et ¨ lôEtranger  et qui nôa dô®quivalent nulle 

part ailleurs. Mais pour que ces recherches se 

poursuivent il faut maintenir des structures o½ 

lôinderdisciplinarit® est possible avec des 

financements sp®cifiques. 
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Abstract. Study area is located with in the convergence part between Aur¯s Massif and Hodna Mountains. From the 

landscape point of view, two distinct zones are observed: (i) the first, in the south, concerning a large massif, (ii) the 

second, in north-west, present globally a zone with low altitudes. 

The main objective of this article consists to apply the photo-interpretation, to ñLes Tamarinsò area, to map the active 

tectonic structures which will be in relation with seismic activity. We have based our work on the lineament and the 

hydrographical network mapping from satellite image. The analysis of lineament and hydrographical network map 

established from satellite image put in evidence a major transverse lineament NW-SE which characterizes an active 

fault. The cinematic lineament corresponds to dextral strike-slip fault. This lineament trended NW-SE affects also the 

recent and actual deposits. The tectonic deformation is expressed by a strong fracturation, and contributes to the making 

of the actual landscape observed in the area. It corresponds to an important active fault, probably in relation with an 

Early Quaternary compressional event which is recognized through the Saharan Atlas.   

This region has registered, in latest years, some telluric pulses however with low magnitudes reflecting its tectonic 

instability. The territorial response must take in to account this natural risk for next management projects. 
 

Key words: Morphostructural analysis, Hydrographical network, satellite image, Algeria, ETM+ 

 

 
1. Introduction  
 

La r®gion dô®tude, la feuille ç Les Tamarins è, se 
localise aux confins des Monts Hodna-Aur¯s. Le 
relief comporte deux zones distinctes : (i) une zone 
sud relativement montagneuse o½ se distinguent 
lôanticlinal du Djebel Metlili et le synclinal dôEl 
Kantara, orient®s suivant une direction atlasique et 
(ii) une zone nord repr®sent®e par des terrains moins 
accident®s compos®s essentiellement de d®p¹ts plio-
quaternaires occupant le cîur du large synclinal 
Seggana, de m°me orientation que les pr®c®dents plis.  
Les formations g®ologiques comprennent des 

d®p¹ts du Secondaire et du Tertiaire avec des faci¯s 
carbonat®s, marneux et conglom®ratiques sur 
lesquels reposent, en couverture discordante, les 
s®diments du Mio-Plio-Quaternaire.  
La d®formation se manifeste le plus souvent par 

une fracturation intense, pluridirectionnelle, 
caract®risant une tectonique polyphas®e ¨ lôorigine 
de diff®rentes structures observ®es actuellement.   
Afin de rechercher des indices de cette tectonique 

actuelle, nous avons fond® notre ®tude sur le 

traitement et la photo-interpr®tation dôune image 

satellitale Landsat ETM+. Le canal 8, 

panchromatique de r®solution 15m nous a paru le 

plus adapt® pour lôobjectif assign®.  

2. Cadre geographique 
 

a. Localisation 
 

Le terrain dô®tude se situe dans la partie orientale de 

lôAtlas Saharien dôAlg®rie (fig. 1). Elle est limit®e 

par les points de coordonn®es {35Á28ô43.26 N; 

5Á22ô10.97E} et {35Á12'2.31N; 5Á53ô14.11E}. Ceci 

nous donne un espace plus large que la feuille ç Les 

Tamarins è pour avoir une vision ¨ une ®chelle plus 

grande et faciliter lôinterpr®tation du r®seau 

hydrographique et lôensemble lin®amentaire. 
 

b. Analyse du relief 
 

La zone dô®tude se caract®rise par deux types de 

relief : (i) une zone montagneuse domin®e par Dj. 

Metlili dont le sommet culmine ¨ plus de 1490m 

(fig. 2) et (ii) une plaine, occupant la partie nord 

occidentale de la feuille ç Les Tamarins è, dont les 

altitudes ne d®passant gu¯re les 800m.  

Dans le coin NE de la feuille, quelques cha´nons 

sôalignent suivant une direction globale E-W, vers 

lôEst le sommet de Dj. Ras Setah Dakhla sô®l¯ve ¨ 

1300m. Lôamortissement des altitudes se fait sentir 

progressivement en allant dôEst en Ouest, pour 

atteindre lôaltitude 988m au Kef Aµssa. 

Revista  de geomorfo log ie                                                                                                                           vol. 12, 2010, pp. 15-23 
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Par contre la zone sud se distingue par une vaste 

zone montagneuse, ¨ relief fortement accident®, 

regroupant plusieurs djebels repr®sentant des plis ¨ 

axes orient®s suivant la direction atlasique SW-NE. 

Ces derniers sont recoup®s par des accidents 

tectoniques directionnels et transversaux perturbant 

ainsi le r®seau hydrographique. 
 

- Les vall®es    

Deux vall®es, assez ®troites et profondes, sont 
entaill®es dans des formations ¨ dominante carbonat®e. 
La premī re situ®e au NE, correspond ¨ Oued Berriche 
(Fig. 3), o½ la profondeur du lit peut d®passer les 
180m avec un resserrement de la gorge vers lôaval et 
constitue un ex®cutoire se situant ¨ 860m. La 

seconde se localise en amont de la ville dôEl Kantara 
et portant le m°me nom (Gorges dôEl Kantara) 
correspond ¨ Oued el Hai. Il est long® par la route 
nationale NÁ3 reliant Batna ¨ Biskra ; sa c¹te en 
amont se trouve ¨ 700m (lit de lôoued) pour 
atteindre lôaltitude 520m au niveau des gorges dôEl 
Kantara (fig. 2). Lôaccentuation de lôentaille de ces 
gorges serait li®e au soul¯vement g®n®r® par la 
d®formation du Quaternaire. Dôailleurs dans les 
Aur¯s le Mioc¯ne se trouve parfois perch® ¨ des 
altitudes d®passant les 2000m (Ghandriche, 1991). 
Les falaises encaissantes sont tr¯s abruptes et 
d®passent les 200m dô®l®vation, particuli¯rement sur 
la rive gauche correspondant au flanc ouest du 
synclinal dôel Kantara. 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2: Cadre g®ographique de la r®gion dô®tude. 1- Route; 2- Chemin de fer; 3- Oueds 
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Fig. 1: Localisation de la r®gion dô®tude 

Monts Hodna 

Massif Aur¯s 



Analyse morpho structurale ¨ partir de lôimage satellite: Cas de la feuille ç Les Tamarins è 

 

17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Repr®sentation en 3D ¨ partir du DEM SRTM (Digital Elevation Model) 

 

Pour la repr®sentation 3D du relief, nous avons 
t®l®charg® et trait® un mod¯le num®rique dô®l®vation 
DEM SRTM (Digital Elevation Model) de la 
mission spatiale de 2000. Ce mod¯le fait appara´tre 

nettement un imposant massif qui occupe 
pratiquement la moiti® sud de la feuille (fig. 3).  

La bordure NW de ce massif, regroupe quelques 
cha´nons qui sont repr®sent®s par : Kef Saµdane, Ras 
Fortas (1200m), Dj. Bou Fer¯s (1100m) en allant du 
SW vers le NE. Leur ennoyage est observ® ¨ 

lôextr®mit® NE de la zone, au niveau de Dechra 
Tilatou (930m) (fig. 3).  Le passage de la montagne 
¨ la plaine de Douar Seggana se fait suivant une 

pente forte, o½ les altitudes moyennes du bassin 
versant passent de 1490 ¨ 600m au pi®mont. 
Lôanalyse de la carte topographique au 1/50 000

¯
 

nous a permis de relever les irr®gularit®s correspondant 

aux escarpements ou falaises (lignes barbel®es) et aux 
ruptures de pentes (variations rapides dans les altitudes 
¨ partir des courbes de niveau). Ensuite nous avons 
rajout® les contours g®ologiques (limites des 
diff®rentes formations) et lôensemble des ®l®ments est 
repr®sent® sur un document cartographique unique 

(fig. 4). Tous ces ®l®ments cartographi®s sont 
compar®s entre eux tout en se r®f®rant aux cartes de 
d®part (topographique et g®ologique. 

  
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

Fig. 4: Sch®ma des structures morphostructurales 
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Il appara´t, sur la zone montagneuse sud, une 

certaine r®gularit® de ruptures de pente qui 

sôorientent globalement suivant les directions des 

plis (anticlinaux ou synclinaux) et suivent leurs 

flancs, ce qui correspond aux directions des couches 

des roches. Elles expriment des cr°tes nettement 

d®gag®es en relief et caract®risent le plus souvent les 

roches r®sistantes constitu®es essentiellement de 

calcaires (et calcaires ¨ silex), de gr¯s et de 

conglom®rats.  

Dans la partie nord, les ruptures suivent 

globalement la limite sud de lôensemble des 

cha´nons orient®s E-W. Des perturbations de cr°tes 

(arr°ts ou r®orientations) et ces derni¯res compar®es 

¨ la carte lin®amentaire, elles semblent °tre 

d®rang®es parfois par des accidents tectoniques. 

Quant aux escarpements, compar®s au fond 

g®ologique dôune part et aux lignes de rupture de 

pentes dôautre part, ils ne manifestent absolument 

aucune relation. Ils sôobservent parfois aux sommets 

des djebels et expriment aussi les surcreusements 

des oueds, m°me au niveau de la plaine dans le coin 

NW de la feuille. Ce ph®nom¯ne se d®veloppe plus 

particuli¯rement en aval des oueds (exemple des 

oueds traversant la plaine de Seggana). 

Les corniches raides sont form®es de calcaires ¨ 

silex ¨ couches fortement redress®es du Coniacien et 

assez r®sistantes ¨ lô®rosion (fig. 4). 

 

- Plaine et terrasses alluviales  

La plaine alluviale, la plus importante sur le plan 

extension, se d®veloppe ¨ lôextr®mit® NW de la 

feuille et joue un r¹le non n®gligeable dans le 

d®veloppement de lôagriculture. 

Les formations du Quaternaire sont beaucoup 

plus fr®quentes dans le synclinal de Seggana et 

couvrent dôimportantes ®tendues en discordances 

sur les s®diments ant®rieurs.  

Les lits des deux grands oueds (O. Mazouz-

Rhasrou et O. el Haµ) sont occup®s par des d®p¹ts 

compos®s de galets et de lentilles de sables 

limoneux, occupant le lit majeur. 

La terrasse la plus r®cente est constitu®e 

g®n®ralement de d®p¹ts fins, limoneux (q6), 

couverts par des niveaux de sols sombres. Les deux 

autres terrasses, plus anciennes,  sont repr®sent®es 

respectivement par des galets grossiers ¨ matrice 

carbonat®e du Tensifien (q4) et de sables ou limons 

du Soltanien (q5). Les d®p¹ts sont h®t®rog¯nes, le 

plus souvent constitu®s dô®l®ments polyg®niques et 

h®t®rom®triques, dont les ®paisseurs varient de 

quelques d®cim¯tres ¨ quelques m¯tres. 

3. Cadre geologique  
 

Les grands traits structuraux des Aur¯s sont 

®bauch®s par Laffitte (1939), ceux du Hodna sont 

r®alis®s par R. Guiraud (1973). Les formations du 

domaine atlasique autochtone se caract®risent par un 

Jurassique inf®rieur-moyen carbonat®. A partir du 

Malm la s®dimentation devient d®tritique ¨ 

dominante gr®seuse et se termine par un ç hard-

ground è ¨ caract¯re r®gional. Au-dessus, intervient 

un changement radical dans la s®dimentation qui 

devient plut¹t marno-carbonat®e jusquôau Lut®tien. 

Cette ®paisse s®rie marno-carbonat®e est 

entrecoup®e par des discontinuit®s (surfaces durcies, 

lacunes et discordances) qui t®moignent dôune 

instabilit® tectonique de la r®gion ¨ diff®rentes 

®poques g®ologiques. Le Mio-Plio-Quaternaire 

marin et/ou continental, le plus souvent d®tritique, 

renferme aussi des discontinuit®s et pr®sente des 

indices dôune tectonique r®cente et recouvre en 

discordance les s®ries pr®c®dentes.  

Sur le plan structural, le domaine autochtone 

atlasique, se distinguant par des structures vari®es, 

est affect® par une d®formation tectonique dont 

lôempreinte, des phases du Cr®tac® sup®rieur et de 

lôEoc¯ne, est nettement exprim®e (Guiraud et al, 

1998). Cependant apr¯s les d®p¹ts du N®og¯ne de 

nouvelles d®formations importantes se sont 

manifest®es et qui seraient probablement en relation 

avec la phase du Quaternaire basal. Dans notre 

r®gion sôindividualisent trois principaux plis 

orient®s suivant la direction atlasique, du NW au 

SE ou se disposent le synclinal de Seggana, 

lôanticlinal de Metlili et le synclinal dôEl Kantara. 

 
4. Analyse lineamentaire  

 

a. Principe et m®thode 
 

Pour le pr®sent travail nous avons pu disposer de 

plusieurs images satellitales Landsat t®l®charg®es 

sur le site de lôUSGS. Nous avons opt® pour lôimage 

ETM+ du 4 avril 2001 de laquelle nous avons 

extrait une fen°tre correspondant ¨ la feuille ç les 

Tamarins è. Nous avons commenc® par des 

traitements classiques simples sur les canaux 

visibles et proches IR : composition color®e, analyse 

en composantes principales, filtres directionnels. 

Nous avons ensuite trait® le canal 8 

(panchromatique) de r®solution 15m en lui 

appliquant une am®lioration dôimage par stretch 

photographique. Ce traitement a permis de rendre 

les lin®aments plus discernables par photo 

interpr®tation. Sur lôanalyse en composantes 

principales, les n®o canaux 1 (qui contient 95% de 
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lôinformation) et 4 ont permis de mettre en ®vidence 

certains lin®aments que nous nôavions pas pu 

distinguer au cours de la photo interpr®tation du 

canal 8. Le traitement par filtre directionnel 

(notamment NW-SE) ne nous a pas permis dôobtenir 

plus dôinformations. Pour interpr®ter au mieux 

lôensemble lin®amentaire, nous avons ®labor® une 

base de donn®es g®ographiques sous MapInfo, 

constitu®e de trois tables principales li®es ¨ la 

dynamique naturelle (une table lin®aments, une table 

r®seau hydrographique et une table cours principaux 

dôoueds) et trois tables secondaires (routes, voies 

ferr®es et relief). 

Nous disposons par ailleurs des cartes 

topographique et g®ologique que nous avons 

scann®es. Lôimage satellitale et les cartes ont ®t® 

ensuite cal®es dans le syst¯me de projection UTM/ 

WGS84, zone 31N. Tous les documents sont alors 

produits sur cette projection cartographique. 

La m®thodologie consiste en une cartographie 

des lin®aments (tout objet paraissant lin®aire  ou 

plus ou moins courbe) ¨ partir de lôimage satellitale 

(canal 8 rehauss®, n®o canaux 1 et 4 de lôanalyse en 

composantes principales). Nous avons port® une 

attention particuli¯re aux secteurs couverts par des 

formations r®centes car elles enregistrent le mieux 

les indices de la tectonique active et nous permet 

aussi dôestimer leur chronologie relative. 

Chaque lin®ament relev® est affect® dôun code et 

de son orientation (direction par rapport au nord). 

Les ®l®ments identifi®s sont ensuite confront®s ¨ la 

carte topographique afin  dô®liminer les ®l®ments qui 

sont dôorigine anthropique (canaux dôirrigation, 

voies de communication, chemins, limites de 

champs, etc..) et ¨ la carte g®ologique pour voir 

®ventuellement leurs relations avec les diff®rentes 

formations g®ologiques. 

b. R®sultats. Discussions 
 

Plus de six cent lin®aments sont cartographi®s ¨ 

partir de lôimage satellite. Selon leurs directions les 

lin®aments sont regroup®s en huit familles qui sont 

les suivantes : NW-SE, NE-SW, NNE-SSW, NNW-

SSE, E-W, N-S, ENE-WSW et WNW-ESE. 

La famille la plus importante du point de vue 

fr®quence est celle de direction NW-SE. Dôapr¯s la 

carte lin®amentaire, la r®partition spatiale des 

®l®ments, dôune mani¯re g®n®rale, est plus ou moins 

homog¯ne sur lôensemble de la zone. Cependant 

nous notons une concentration relativement plus 

renforc®e dans la moiti® occidentale de la feuille. En 

comparant ces lin®aments avec la carte g®ologique il 

sôav¯re que dans la majorit® des cas ils se rapportent 

¨ des accidents tectoniques (fractures, failles). Ils 

sont bien exprim®s dans les roches comp®tentes 

comme les carbonates qui ont tendance ¨ se rompre 

sous lôeffet des contraintes. Par contre dans les 

terrains d®tritiques (plus particuli¯rement les argiles 

et les marnes), la roche se d®forme intens®ment mais 

les ruptures sont rarement bien visibles.  

Ensuite nous avons repris une cartographie 

synth®tique en mettant en ®vidence les lin®aments 

les plus significatifs, côest- -̈dire plus ®tendus. Le 

sch®ma synth®tique (fig. 5), des lin®aments 

importants du point de vue extension, fait appara´tre 

quatre grands lin®aments dont trois sont orient®s 

NW-SE. Le quatri¯me suit plut¹t une direction NE-

SW. Le plus important (grand lin®ament, GL), ¨ 

caract¯re r®gional de direction  NW-SE, semble le 

plus r®cent relativement par comparaison aux 

pr®c®dents ; il se compose de segments en relais. Il 

correspondrait ¨ un accident tectonique affectant les 

formations g®ologiques, anciennes et r®centes, 

parfois en les d®crochant. Il se caract®rise par une 

cin®matique de mouvement dextre. Donc du point 

de vue dynamique, il serait actif et par cons®quent il 

caract®riserait une tectonique active dans la r®gion. 

Un second lin®ament, assez ®tendu, orient® NW-SE, 

recoupe le Dj. Metlili dans sa partie m®diane. 

Cependant sa trace nôest pas d®celable dans les 

formations r®centes de la plaine de Douar Seggana. 

Soit il sôest manifest® avant la mise en place des 

d®p¹ts r®cents, soit sa dynamique est de faible 

intensit® et par cons®quent il nôa pu laisser 

dôemprunte nette sur le relief. Dôautres lin®aments, 

relativement moins allong®s, sôobservent de part et 

dôautre de ces deux accidents, caract®ris®s par deux 

directions dominantes : WNW-ESE et E-W.  

Il est connu dans lôatlas saharien une 

d®formation ¨ r®gime compressif, se rapportant au 

Quaternaire basal, avec un raccourcissement orient® 

globalement N-S. Celle-ci a engendr® diverses 

structures telles des plis, des chevauchements et des 

failles conjugu®es NW-SE et NE-SW (Guiraud, 

1990 ; Aµssaoui, 1984 ; Marmi et Guiraud, 2006) 

(fig. 6). 

 Les arguments corroborant la cin®matique et sa 

chronologie du GL sont les suivants : 

-  La corr®lation de la carte lin®amentaire et de la 

carte g®ologique fait appara´tre le recoupement 

des formations g®ologiques aussi bien anciennes 

quôactuelles, du Quaternaire (Moulouyen) par le 

lin®ament majeur. Cet argument de taille ®taye la 

conception dôun accident actif. 

-  Les formations du Quaternaire (q2 et q4) du 

compartiment NE se trouvent respectivement ¨ + 

900 et +860m, alors que celles du compartiment 

SW sont ¨ moins de 890 et 830m. Cela correspond 

¨ un rejet vertical allant de 10 ¨ 30m donc le bloc 

NE est soulev® par rapport ¨ celui SW. 
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Fig. 5: Carte lin®amentaire 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Sch®ma morphostructural 
 
 

-   Le lin®ament de direction NE-SW est d®cal® par 

le GL en d®crochement dextre ce qui confirme la 

post®riorit® de ce dernier (fig. 5 et 6). 

Donc le GL est un accident ¨ composantes 
verticale et horizontale, il est actif car il affecte le 
Quaternaire et refl¯te donc le caract¯re actif de la 
tectonique dans la r®gion. 
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5. Analyse du reseau hydrographique  
 

a. Sous bassins versants 
 

La r®gion dô®tude se caract®rise par un climat semi-

aride o½ les ®coulements p®rennes sont tr¯s rares. 

Elle chevauche deux bassins hydrologiques 

sahariens. La majeure partie des Tamarins est 

drain®e par le bassin nÁ6 (bassin de Biskra), mais la 

frange ouest de la feuille est drain®e par le bassin 

nÁ5 (bassin du chott El-Hodna). Elle comprend deux 

sous-bassins versants : un au NE correspondant aux 

oueds Berriche-Rhasrou-Mazouz, et lôautre au SE, 

repr®sent® par celui des oueds el Haµ-Sekhoun. La 

ligne de partage des eaux, entre ces deux sous 

bassins, suit approximativement la ligne de cr°te du 

Dj. Metlili (fig. 3). Dans le premier sous bassin se 

d®veloppent des rivi¯res anastomos®es 

caract®ristiques dôun relief plat et comportant des 

formations d®tritiques homog¯nes. Dans le second 

sous bassin, les cours dôeau repr®sentent un chevelu 

hydrographique dense ¨ ramifications assez 

complexes refl®tant un relief tr¯s accident® avec des 

formations g®ologiques h®t®rog¯nes du point de vue 

faci¯s. 

b. Organisation du r®seau hydrographique 

La r®gion se caract®rise par un r®seau assez dense 

(fig. 7) qui sôorganise autour de deux principaux 

oueds : O. Mazouz et O. el Haµ, dont les ®coulements 

sôeffectuent globalement du NE vers le SW. En  aval 

et ¨ lôextr°me Ouest, O. Mazouz traverse la plaine 

de Douar Seggana dont son lit atteint lôaltitude 

580m. Il est relay®, dans sa section m®diane, par O. 

Rhasrou qui re­oit ¨ son tour en amont deux 

affluents : O. Berriche au NE, transitant par les 

gorges entaill®es entre les djebels Tebaga ¨ lôOuest 

et Ketef Deba ¨ lôEst,  et le second affluent, O. ed 

Dakhla, avec un ®coulement suivant une direction 

globale E-W. La c¹te de confluence de ces deux 

derniers oueds sô®l¯ve ¨ 855m pour atteindre une 

altitude de 589m ¨ lôextr®mit® occidentale de la feuille. 

Dans la partie SE de la feuille, le second 

important oued, O. el Haµ, coule suivant une 

direction NNE-SSW, mais apr¯s sa confluence avec 

O. Sekhoun, il emprunte une direction ENE-WSW. 

Apr¯s Dj. Bouza, il prend une orientation E-W, en 

passant au sud de la localit® ç Les Tamarins è. Par 

contre O. Sekhoun suit une direction subm®ridienne, 

dans sa partie sud, ensuite il se r®oriente vers le NE 

en quittant les djebels Bou Fer¯s  et Sebiba. Dans sa 

partie amont, il se prolonge par O. Tilatou, qui 

traverse la localit® ç Les Tamarins è. Ce dernier 

prendrait sa source dans les Monts de Belezma qui 

se trouvent plus au NE. Dans la partie nord orientale 

de la feuille, les ®coulements des principaux oueds 

empruntent globalement lôorientation NE-SW. A 

lôextr®mit® NE du massif, les directions des oueds 

changent brusquement  pour devenir presque E-W, 

ensuite les cours reprennent lôorientation vers 

lôENE-WSW (fig. 7). 

 

 

Fig. 7: Carte du r®seau hydrographique 
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c. Analyse du r®seau hydrographique 

 
Une premi¯re observation, de la carte repr®sentant le 

r®seau hydrographique, met en ®vidence un certain 

parall®lisme entre les principaux oueds. Les 

d®viations des itin®raires de ces derniers sont 

spectaculaires, elles forment de grandes courbures 

m®andriformes. Leurs points dôinflexion sôalignent 

suivant une direction g®n®rale NW-SE. Cette 

remarque concerne les oueds : Saboune (coin NW 

de la feuille), Mazouz-Rhasrou, Sekhoun-Tilatou, et 

el Haµ (dans sa partie NE). Donc cette anomalie, 

r®currente se place sur un alignement particulier ; 

elle est probablement en relation avec un accident 

tectonique qui se caract®rise par un mouvement 

d®crochant. Ce dernier serait ¨ lôorigine du 

changement des directions des cours dôeau ¨ 

lôendroit de son passage. En se r®f®rant ¨ la carte 

lin®amentaire, et par comparaison, nous constatons 

que ces variations de directions se disposent 

effectivement sur la trajectoire du GL mis en 

®vidence par la photog®ologie. 

Les observations de d®tail, sur les oueds de 

moindre envergure, r®v¯lent aussi des perturbations 

assez significatives : ®coulements lin®aires sur des 

centaines de m¯tres dans certains cas, changements 

brusques dans leurs cours, abandon de lits, 

perpendicularit® des rivi¯res, etcéCes irr®gularit®s 

se trouvent le plus souvent associ®es aux lin®aments 

qui repr®sentent souvent des failles ¨ cin®matiques 

vari®es (failles d®crochantes, normales, inverses, 

chevauchantes). Parfois les manifestations lin®aires 

des cours dôeau suivent des orientations 

pr®f®rentielles qui se superposent aux directions de 

certains lin®aments. 

En comparant la carte lin®amentaire et le r®seau 

hydrographique, nous remarquons, parfois, que sur 

les trajectoires de nombreux lin®aments relativement 

®tendus, les cours dôeau d®vient ou se r®orientent 

suivant ces derniers. Toujours en corr®lant ces deux 

documents cartographiques nous constatons que les 

perturbations les plus exprim®es sont en relation 

avec la direction globale E-W des lin®aments 

(WNW-ESE, ENE-WSW et E-W). Lôhypoth¯se la 

plus plausible, concernant cette observation, 

sôexpliquerait par une direction rattachable aux 

failles g®n®r®es par la d®formation tectonique 

r®cente (Quaternaire ?). Et par cons®quent les oueds 

ont tendance ¨ emprunter les zones de faiblesse 

cr®®es par ces accidents r®cents.  

 

6. Interpretation et Discussion 
 

Lôanalyse lin®amentaire et du r®seau 

hydrographique de la feuille ç Les Tamarins è a mis 

en ®vidence une nouvelle conception concernant 

lôexistence et la dynamique des accidents 

tectoniques et cela gr©ce ¨ lôinterpr®tation  photo 

g®ologique de lôimage satellitale. 

Les diff®rents r®sultats, tir®s de la cartographie 

r®alis®e et confront®s aux donn®es g®ologiques, 

confirment la manifestation dôune tectonique active 

dans la r®gion dô®tude. Pour ®tayer lôhypoth¯se de la 

pr®sence dôun accident ¨ caract¯re r®gional actif, 

nous nous sommes fond®s sur les arguments tels la 

disposition des principaux lin®aments, la 

perturbation frappante des principaux oueds et 

lôaffectation des d®p¹ts actuels. La cin®matique de 

ce lin®ament sôexprime par le d®crochement des 

formations g®ologiques, indiquant un mouvement 

spatio-temporel. Aussi les changements dôitin®raires 

de ces cours dôeau, dôune mani¯re conforme et ¨ des 

endroits bien pr®cis confortent la relation entre 

dôune part, la cin®matique de lôaccident et dôautre 

part les d®viations des cours des oueds. Il sôagit 

donc dôun d®crochement dextre accompagn® dôun 

cort¯ge dôaccidents satellites, dispos®s de part et 

dôautre de ce dernier, cependant ils sont de moindre 

ampleur. Probablement le pointement triasique qui 

se trouve dans le coin SE de la feuille serait mis en 

place ¨ la faveur de cet accident. 

Si nous corr®lons le r®seau hydrographique 

r®alis® par nos soins et celui repr®sent® sur la carte 

topographique ®dit®e en 1959, nous d®duisons que 

certains oueds ont abandonn® carr®ment leur 

premier itin®raire et/ou emprunt® de nouveaux 

parcours sur certains segments. 

Lô®tude nous a permis de r®aliser deux cartes : la 

premi¯re lin®amentaire et la seconde se rapporte au 

r®seau hydrographique toujours ¨ partir de lôimage 

satellite. Lôanalyse de ces deux documents 

cartographiques, et en confrontation avec la carte 

g®ologique, nous a permis de d®gager de nouvelles 

donn®es in®dites. 

 

Conclusion 

 

Les r®sultats obtenus concernent de nouvelles 

donn®es et ont abouti ¨ la mise en ®vidence dôun 

grand accident tectonique dôextension r®gionale, 

actif, refl®tant la sismicit® de la r®gion. Cette 

structure recoupe la feuille ç Les Tamarins è 

diagonalement et sôoriente globalement NW-SE. La 

d®formation se manifeste le plus souvent par une 

fracturation intense exprimant une tectonique 

polyphas®e ¨ lôorigine de diff®rentes structures dans 

la r®gion. Ce lin®ament  affecte aussi les formations 

g®ologiques plio-quaternaires ce qui ®taye 

lôhypoth¯se dôune faille active. Les cours des oueds 

sont souvent perturb®s ¨ lôendroit du passage du GL. 
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Cette direction privil®gi®e pourrait °tre en relation 

®troite avec la tectonique actuelle g®n®r®e par la 

d®formation du Quaternaire basal et qui aurait 

contribu® largement au model® du relief actuel. 

Lôatlas saharien alg®rien est class® comme zone 

stable sur le plan sismique, cependant ces derni¯res 

ann®es des secousses telluriques de faibles 

amplitudes ont ®t® enregistr®es dans les Monts des 

Aur¯s et du Hodna. Par cons®quent le risque 

sismique est ¨ prendre en consid®ration dans la 

r®alisation de tout projet futur dôam®nagement dans 

la zone en question. 
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Changes in the Landscapes of the Carpathians 

and Subcarpatians in Upper Pleistoc ene and Quaternary  
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Abstract: The Quaternary has represented a period of great changes with profound transformations in the orostructure 

and the landscape system of Romanian territory due to several essential factors such as neotectonic and climate. 

Neotectonic manifested through general raisings in the alpine domain (over 500 m), and in the hilly domain (with 200-

500 m). At the same time the plain regions that have been implied in the movement have been definitively exondated 

and some subsidence areas have been maintained (at the external curvature of the Carpathians). The reflection of 

neotectonic movements with different degrees of intensity in the landscape is represented by the actual orographic 

structure in which the heights of the relief have emphasized regional and local differences. The analysis of the evolution 

of Quaternary paleoclimates on Romanian territory reveals a pass from the subtropical climate (at the beginning of 

Pleistocene) to a climate with oscillations between cold sub polar and temperate nuances (in Upper Pleistocene) to 

temperate and arid nuances (in Holocene). The aridity of the last period determined the installation of steppe and forest 

steppe and the increase in the intensity of the actual geomorphological processes in the area of the external curvature of 

the Carpathians.  

Key words: neotectonic, morphotectonic, climate, Quaternary, vulnerability, landscapes    

 

 
1. The geographic position. The analised territory 

includes ï in a relatively concentric succession ï 

mountains (the Curvature Carpathians), hills (the 

Curvature Subcarpathians), subsident, glacis fields 

and piedmont cones which enrol themselves in a 

structure displayed as a huge natural amphitheatre 

oriented towards South-East. The region is 

characterized by a great structural complexity which 

adds influences coming from the surrounding units 

that are directly reflected by the landscape. The 

evolution of natural landscape in Quaternary, 

especially of the one morphologically generated, 

reflects elements and characteristics that compose 

the above mentioned orographic system (Fig. 1). 

 
 

Fig. 1 ï The area of study and the major relief units in 

Romania 

2. Research methods. The analysis of these distinct 

units has been realised through repeated 

observations, measurements and classifications 

gathered during over three decades. On their basis, 

the morphologic and landscape characteristics of the 

morphologic levels have been pointed out, defining 

elements (of a paleogeographic, climatic, orographic 

nature) which have been specified for landscapes 

that succeded in time and space. Furthermore, 

different types of relations and influences, especially 

of a tectonic nature, have been established with the 

neighbouring units or with those in the East or 

South of the country. Other methods have also been 

used, leading ï through analyses and interpretations 

ï to the knowledge of the morphogenetic systems 

and to specifications regarding the intensity and the 

denudation rythm of the land and of the 

sedimentation regions in the limitrophe basins (M. 

Ielenicz, 1984). The modelling of relief forms in the 

Upper Pliocen-Quaternary period has been 

stimulated both by the particular evolution of 

climate and also by the sense and local importance 

of risings or subsidences. 

The effects of the modelling process have been 

deduced from the analysis of deformations on the 

morphologic levels, from the complex interpretation 

of litho-stratigraphic columns prelevated from the 

hilly and plain regions and also from the corelation 

of the succession in the horizons characteristic to 

Revista  de geomorfo log ie                                                                                                                           vol. 12, 2010, pp. 25-31 
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mountains and hills. Another argument which could 

be added is the alternance of fossil soils and loess in 

the openings of Quaternary deposits at the top part 

of the glacis fields (Fig. 2). 

Alignments with an accentuated seismicity both 

in the Subcarpathians and in the plain have been 

analysed through connections with the type of major 

geological structures and also with the areas with an 

intense slope morphodynamic. The linkage of these 

elements offer the key in order to establish the 

general and regional evolution of the modelling for 

relief and landscape all over the Romanian 

Carpatho-Danubian system. (Gr. Posea & al., 1974; 

M. Ielenicz, 1984). 

   

 
 

Fig. 2. An opening in Quaternary deposits in the glacis plain 

 
3. The geographic units of the morphologic 

system of the Curvature Carpathians  

 

- The structure of Curvature Carpathians has 

been developped step by step from the West to 

the East following the tectonic movements in 

Paleogene-Miocene and got the actual altitudes 

in Quternary (the movements from the 

Wallachian phase). They consist of flysch units 

comprising several layers (dominantly 

cretaceous flysch with conglomerates and 

sandstones facies with wide folds in the West of 

BuzŁu Valley and paleogene flysch with 

multiple alternances in grit stones, marl, 

argillous schists layers in faulted folds East 

from this valley). Curvature Carpathians 

compose an orographic system with 1000-1954 

m heigh units, separated by valley corridors and 

depressions in which the tectonic had an 

important genetic role (in the Northern part 

there is the Braĸov Depression -  a graben which 

evolved in Upper Pliocene-Quaternary)(Fig. 3).  

-  The Curvature Subcarpathians developped in 

the carpathic avanfossa in Pliocene-Quaternary 

being composed of molasse formations most of 

them included in faulted folds with different 

extensions. At the exterior, towards the plain, 

between Trotuĸ and SlŁnic valleys the Upper 

Pliocene - Inferior Quatenary layers are 

included in a monocline structure with very 

large inclinations (they have sometimes 

hogback characteristics). There are two 

alignments of depressions (one below the 

mountains level and one between the two ranges 

of hills) located round the mountain area. The 

tectonic movements had an important role for 

their individualisation. The deepening of the 

rivers that cross them and the different evolution 

of slopes, taking also into account the litho-

structural variety and the climatic succession in 

Quaternary, have accentuated the physionomy 

and diversified the morphometric characteristics 

of this unit. The Curvature Subcarpathians 

superpose over the biggest part of the most 

important seismic area in Romania. 

-  In its North-East sector the Romanian Plain, , is 

a morphological unit dating from the end of 

Pleistocene and especially from Holocene, 

created by the filling of a lake overlapping the 

area, in which materials migrated from the 

Subcarpathians on the axe of the maximum 

subsidence. The important rising of sedimentary 
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deposits at the end of Pleistocene have also 

triggered the bottom of the plain located at the 

contact with the hills. In that place the rivers 

which were coming from the mountains and 

from the Subcarpathians have generated 

gobbled alluvial cones. By overlapping one 

another they have created a level of 

accumulation with a glacis character. At its 

exterior it remained the actual subsidency field, 

an area where an immense layer of rocks, sand 

and clay has been accumulated. A specific relief 

was developped on it during Holocene. 

 

 
 

Fig. 3. A general profile in South-Eastern part of Romania 

 

 

4.   The reflection of the neotectonic movements 

from Pliocene-Quaternary in the type and 

the configuration of the relief forms. 

 

The general results of the tectonic manifestations 

from Pliocene-Quaternary in the South-East of 

Romania are a consequence of the collision of 

microplates in the region under the general impulse 

of the global tectonic. They materialized in the 

following directions: the rising of the carpathic 

mass with regional variable intensities; the 

involvement in the rising also of the neighbouring 

units of the Carpathians which became hills and 

fields; foldings accompanied by exondations and 

risings with different regional amplitudes; active 

subsidency at the exterior of the Curvature 

Subcarpathians accopmanied by rich accumulations 

of materials, but also by the formation of a field 

during Holocene on the place of a lacustrian basin.    

Regional and local morphostructural 

consequences are especially dependent on two 

important phases of tectonic movements: one at the 

end of Inferior Pleistocene and the other in the 

Superior Pleistocene. Among these, the most 

significant are: 

¶ The general display of the relief that falls 

from N-NV to S-SE; 

¶ The gradual achievement of the actual 

altitudes with more significant risings on the 

alignments of the sheet units from the mountains 

and in the subcarpathic monocline (at its exterior). 

The amplitude of the movement has been from 

several hundred meters to over 800 meters. Smaller 

risings have been occured on the structural contacts 

between layers or on the faulted sinclinals along the 

profound folds, where structural depressions, as 

those at the contact of the Subcarpathians with the 

Curvature Carpathians, resulted. 

¶ The movements in Pliocene imposed in the 
Curvature Carpathians an alignment of maximum 
altitudes, that are not in concordance with the 
position of the watershed situated North from it. It 
disagrees the transversal display of the main valleys 

which present antecedent sectors on this alignment. 
Furthermore, the erosion surfaces created in 
Paleogene-Pliocene (three in the Cretaceous flysch 
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unit and two in the Paleogene flysch unit) have been 
altimetrically deformed suffering a double fall 
(towards the North and the South) compared to this 
axe of the maximum risings. In the Subcarpathians 
the movements from Lower Pleistocene-Holocene 

determined the accentuated rising of the anticline 
structures and of the monocline and imposed into 
the landscape certain antecedent narrow sectors (on 
Putna, Milcov, R©mnic, BuzŁu valleys); as well as 
an eight terrace system, altitudinal deformations and 
even doubling. In Braĸov Depression and at the 

exterior of Subcarpathians, where the subsident 
regime dominated, the accumulative fields imposed 
and also three generations of aluvial cones 
developped at the contact with the units that were 
rising. Along the valleys in the Carpathians and the 
Subcarpathians, the gradual and fast deepening of 

rivers imposed by Pleistocene movements, made a 
passage from a wide superior transversal profile 
(reflected in the configuration of the levels from 
Upper Pliocene) to a narrow one (with erosion 
shoulders, terraces with variable extensions on the 
hills, fettered meanders, rapids of several meters in 

the riversô beds on reactivated structural contacts of 
Putna, ZŁbala, BuzŁu, SlŁnic valleys), at present 
intensly affected by slidings and torrentiality.  

¶ The longitudinal profile of the river beds is 

imposed to the second generation of valleys by 

accentuated slopes and by suspended valleys. At 

confluences, rapids were formed because the 

collectors could not deepen in the rythm of the 

graduate rising from Upper Pleistocene-Holocene. 

      

5.  The climate evolution in Upper Pliocene-

Quaternary and its reflection in the succession 

of morphogenetic and landscape systems.  
  

The analysis of flora and fauna elements made by 

geologists, indicate for the entire area of our country 

the beginning of a graduated cooling process of the 

subtropical climate (the temperatures dropped down 

to 13Á-15ÁC at the end of Neozoic and the beginning 

of Pleistocene according to T. Gridan and N. 

ŝicleanu, 2006). Therefore, a transition was 

registered from a tipical subtropical modelling (with 

an accent on pedimentation) in Sarmatian-Romanian 

to a type specific for temperate climate in Lower 

Pleistocene (Tab1). This changing is reflected in:    

¶ The types of erosion levels that resulted: Mio-

Pliocene erosion levels of pediment type and 

Superior Quaternary terraces in the valley corridors. 

¶ The modifications in the configuration of 

valleysô transversal profiles (from a previous wide 

pre-quternary opening to a graduate narrowing).    

¶ The type and the volume of material brought 

by the rivers from the Carpathains and hills in the 

sedimentation basins replaced by the present fields. 

The several hundred meters wide psamito-psephitic 

deposits dominate the area. The presence of abundant 

Romanian-Villafranchian blocks indicate not only 

favourable climatic conditions for ample seasonal 

transports but also certain important tectonic risings 

in the units nearby the sedimentation basins. All these 

have created heights and slopes with great level 

differences, favorable for an intense erosion (Fig. 4).  

 

 

 

 
Fig. 4. The morphotectonic map 
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Paleogeographically, at the beginning of 

Pleistocene two distinct regions existed: a land 

formed out of mountains and hills and lacustrian 

basins (Braĸov Depression and the Romanian Plain) 

where important material accumulations occured. 

The uprising land generated transforming 

subtropical landscapes, different at approximately 

1000 m altitude. Morphologically the land was 

primarily formed of low mountains with a leveling 

surface of pediment type (that began to be 

neotectonically deformed) dominated by peaks and 

tufts with a structural character and also of a system 

of wide valleys consisting in two types: transversal 

valleys (in concordance with the initial orographic 

inclination) and another type relatively addapted to 

the alignments of structural contacts (between the 

layers or on the main  faults). 

To their exterior, the greatest part of 

Subcarpathians formed a discontinuous hill system 

(under 400 m altitude) which ended up towards the 

Getic Lake by narrow field facies. The carpathic 

rivers have prolonged their courses in the hilly region 

where they have created the first wide valleys. 

In the Medium Pleistocene the climate 

continued to get colder becoming temperate with 

various nuances imposed both by the relief increase 

in altitude and by the temperature oscillations at a 

continental level (glacial phases alternating with the 

temperate interglacial ones). The analyses made by 

paleobotanists for this period (E. Pop, 1960) 

indicate the presence of beech forests in the hills and 

coniferous forests in the mountains (Pliocene 

elements remained on low altitudes but they were 

obviously retreating). The relief evolution imposed: 

the gradual deepening of rivers and the terrace 

developpement as well as the draw back of the 

slopes by land slidings, dripping and streams. 

In the Upper Pleistocene profound climate 

changes occured being reflected by characteristics 

of relief and landscape. The paleontologic, 

palinologic and geomorphologic data, the 

succession of soils and loess strata in the profiles 

ranging at the exterior of the subcarpathic hills and 

of the glacis fields (SlŁnic, R©mnic, Odobeĸti) 

indicate the alternance of the cold-glacial climate 

phases Riss and Wurm with the temperate ones. 

During the glacial phases, at over 1800 m 

altitude, some mountains in the Carpathians had 

glaciers (frequent traces appearing between 1550m 

and 2400 m in the Meridional Carpathians). The 

neotectonic uprisals in the Upper Pleistocene have 

affected the Curvature Carpathians and 

Subcarpathians; units situated in the Eastern part of 

the Meridional Carpathians reaching altitudes of 

1600-1900 m in the mountains and 500-900 m in the 

hills. The two great units were situated in the detritic 

periglacial level being covered with tundra 

vegetation. 

The appearance and the rising of the peaksô 
catena at the exterior of the Curvature 
Subcarpathians generated to the East and the South 
of this unit during Pleistocene and the transition to 
Holocene a field band through the partial 
exondation of the Quaternary lacustrian border. In 
this case and also in other low regions in the East 
and the South of the country the milder climate 
permited the developement of the forest tundra. In 
these conditions the relief evolved in a periglacial 
morphodinamic regime on different levels. In the 
mountains and in the hills detritus masses resulted 
covering the slopes. They also accumulated in the 
rivers bed (especially in the depressions and at 
riversô contact with the plain). Loess deposits also 
resulted at the border of hills and fields. At the level 
of peaks and steeps the crionivation manifested in a 
different way (according to the size of the slope and 
the type of rocks) imposing specific residual relief 
forms (ridges, columns, erosion witnesses, steep 
walls), than along the valleys, where bridges of 
terraces with heights from 10 to 80 m resulted. 

During the interglacial phases, characterised by 
a temperate climate (more or less humid) the forest 
vegetation ocuppied the entire region. However it 
presented differences as coniferous were found in 
the mountains and beech forests in the hills and in 
the plain. In the low plain unit the vegetation had a 
forest steppe character because of the accentuated 
dryness imposed by the general East continental 
circulation. This situation was indicated by the fossil 
soils with luvisoil or cernosiom character (in 
Milcov, Putna, BŁicoi regions). At the contact of the 
hills with the plain a glacis level resulted. This is 
formed by the juxtaposit of the alluvial cones 
created both by the big rivers with origins in the 
mountains and also by the more recent rivers with 
origins at the border of Subcarpathians. At the 
exterior of the glacis a subsidence field outstands in 
the landscape, with numerous abandoned courses, 
swamp sectors, halomorphe and hydromorphe soils. 
In these conditions the evolution of relief in 
mountains and in hills was determined by active 
river bed (linear erosion) and slope (slidings and 
mud flows) processes of different intensities, 
depending on the altitude, inclination and the 
composition of the sedimentary formations. They 
affected both the deposits on the slopes and the 
important volumes in the rock beneath. On the 
valleys, the gradual deepening of rivers continued, 
being also accompanied by the development of low 
terraces under 30 m. A rich alluvium occured in the 
depression basins. 
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Tab. 1. The morphogenetic corelations at the Curvature of Carpathians in Pleistocene 

 

In Holocene the temperate climate oscillated 

between warmer and cooler and more humid or drier 

nuances, which finally led to a leveling of the 

vegetal formations from steppe and forest steppe in 

the plain and on the exterior border of the hills to 

beech forests in all the space of the hills and of the 
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mountains. In the Curvature Carpathians at above 

1200 m until 1800 m coniferous forests existed. 

Above them, on some ridges and peaks, subalpine 

formations existed. 

In the last centuries (after the cooling during the 

little glacial period) two notable events occured. 

First of all an aridisation of the climate was 

registered, accompanied by an extension of the 

steppe and the forest steppe in the South-East of 

Romania. In parallel a general tendency of altimetric 

increase of the limits of specific vegetation levels 

can be observed. Second, the effects of humanôs 

agressivity are reflected by the environment. The 

variety and the intensity of human activities 

determined on the one hand the intensification of the 

slope processes in the hills (especially slidings and 

gully erosion) which determined the highest 

recorded degree of degradation of lands in Romania. 

On the other hand, multiple changes appeared in the 

mountain forest level due to the antropic decrease of 

the superior limit of coniferous forests intended to 

extend pastures, to the replacement of beech forests 

by coniferous plantations and the sectioning of the 

slopes for the development of forests roads. 

As a consequence of all the antropic activities 

there has been a shift from a natural normal system, 

which existed two centuries ago, to certain 

associations and regional and local interpenetrations 

of natural and antropic elements reflected by a 

diversity of modified landscapes. They are all 

included in a complex morphodynamic system with 

distinct vulnerability, areas, hazards, 

geomorphological and hydrological risks (Fig. 5). 

This last mentioned element has lately shown a 

seasonal character being dependent on heavy 

rainfall periods, but also on other stimulative factors 

such as the big frequency of earthquakes or the 

extension of forest clearings. 

 

 
 

Fig. 5. The actual morphodynamic and morpho-hydrological risk phenomena 
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Abstract. This work addresses the thermal behavior of the rock surface in two mountain sites with different, rather 

extreme climatic conditions. As thermal weathering is one of the highly potential driving factors in mountain 

morphodynamics, the evaluation of the processes involved is utterly important. 

Freeze-thaw cycles (F-TC) typology and development and the thermal stress experienced during the maximum 

insolation interval (INSIT) were considered. The study results show a more than double effective action of freezing 

processes in alpine relief modeling than in low-altitude massifs taking into account the large number of the freeze-thaw 

cycles (86), the high proportion of effective F-TC and the intensity of the annual cycle (6-7 m frost depth) comparing to 

low altitude MŁcin Mountains, where the freeze-thaw interval is significantly shorter (43 cycles) and frost depth only 

reaches 0.7-1 m during winter freezing.  

In attempting to determine the degree of frost effectiveness, a theoretical threshold of the diurnal freezing index of 12 

ÁCh was set, indicating that autumn (pre-siberian F-TC) is the least effective season for both locations, while post-

siberian F-TC (mid-late spring in alpine area; late winter ï early spring in low-altitude massifs) records the highest 

frequency and intensity of diurnal freeze-thaw cycles (the spring summarizes 60% in the Bucegi and 80% in the MŁcin 

from the over-year effective F-TC). The seasonal differences of freeze-thaw distribution, derived from temperature 

regime,  are strengthen by a close correspondence to the precipitation regime especially in the alpine area, where the 

mean daily precipitation are double during spring F-TC season than during autumn. 

Rock thermal stress induced by summer solar radiation is 22% smaller at 2500 m level than at 330 m level, while the 

maximum thermal amplitudes are relatively similar, indicating a high sensitivity to thermal stress of the high-altitude 

outcrops during clear days. If the high-altitude Bucegi Mts. show lower values of the mean daily amplitudes (16.7 ÁC) 

than recorded in MŁcin (21.2 ÁC), and half diurnal maxima values, this occurs due to high nebulosity and low mean air 

temperature values. Sudden cooling triggered by cold winds, rainfalls or temporary cloud cover, typical in high 

mountain areas, could become favourable elements in rock thermal stress generation. Consequently, insolation induced 

thermal stress is the secondary process in thermal weathering of alpine relief, but it shows a greater potential than frost 

processes in low altitude environments. 
 

Keywords: rock thermal weathering, freeze-thaw cycles, frost effectiveness, insolation, thermal stress 

 

 

1. Introduction  

 
Rock disintegration by physical weathering has a 

significant modeling action in mountain 

environments where rock surface is directly exposed 

to the external factors (Matsuoka, 2008). Although 

chemical and biological weathering forms also 

occur, in a widely accepted view the conducive 

processes are thermally induced, as their action is 

related to frost and insolation cumulated effects 

(Matsuoka and Sakai, 1999; Hall and Andr®, 2001; 

Goudie, 2004; Matsuoka and Murton, 2008). Most 

of the recent studies are attempting not only to 

establish connections between the thermal behavior 

of rocks and their breakdown occurrence 

(Lewkowicz, 2001; Matsuoka, 2008), but also to 

determine the actual effectiveness thresholds of 

these thermal processes (Sass, 2005; Matsuoka, 

2001; Hall, 2007).  

Even though a freeze-thaw cycle is defined as the 

temperature oscillation crossing the 0 ÁC threshold, 

it is known that freezing may not actually occur at 

this point in rock, but at lower temperatures (ranging 

from about -1ÁC to -4ÁC, cf. Goudie, 2004; Hall, 

2004, 2007; Matsuoka, 2001) due to rock properties 

and water migration potential within the rock body. 

In assessing frost significance, it is important to 

differentiate between diurnal ï low amplitude 

(icelandic type), and annual ï high intensity 

(siberian type) freeze-thaw cycles and their 

operating manner, as the icelandic affects only the 

uppermost few centimeters of rock and the siberian 
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determines macrogelivation, reaching the high-depth 

joints and cracks within bedrock (Matsuoka, 2001). 

Thermal stress induced by insolation determines 

rock thermal fatigue in arid regions, by fast 

heating/cooling of rock in the upper surface. 

Repeated volumetric changes lead to granular 

disintegration and rock spalling or, when 

propagating deeper by specific thermal gradients 

within stress fields and combined with favorable 

factors (e.g. microfractures, propagating planes), 

may lead to larger rock failure (Hall, 1999; G·mez-

Heras et al, 2006). Important rock damage occurs, as 

well, along with thermal shocks (i.e. temperature 

variations of at least 2 ÁC/minute); this process, in a 

man-induced manner (arson), stands at the basis of 

some early mining techniques (Goudie, 2004; Hall, 

1999). The cracks and fractures resulting from 

thermal shock are frequently independent of the 

existing jointing planes (Hall, 1999). 

The evolution of freeze-thaw cycles and the 

propagation of the thermal stress exerted by 

insolation are controlled by three major variables: 

rock properties (porosity, permeability and tensile 

strength, albedo), the disposable moisture content 

and the thermal variations (in terms of frequency 

and intensity) induced by atmospheric temperature 

fluctuations (Hall, 1999; Matsuoka, 2001; G·mez-

Heras et al, 2006). Thus, a thorough understanding 

of thermal weathering and of its consequences in 

landscape evolution is difficult to obtain without 

intimately analyzing the generating processes. 

The Romanian mountain geomorphology lacks a 

well-documented report on thermal weathering. 

Most topic-related information are included in 

monographic studies (e.g. Oprea, 2005; Nedelea, 

2006; Andra, 2008) and often follow up general 

statements from reference geomorphology or 

climatology works of Stoenescu (1951), Posea et al. 

(1970, 1974), while the discussions are limited to 

thermal weathering connected forms and landscape, 

missing a specific process analysis. The existing 

data mostly concern the number of frost days or 

freeze-thaw potential in high altitude settings, based 

on air temperature values (Urdea, 1992, 2000). Until 

now just two works approach the process more 

precisely, describing freeze-thaw occurrence in 

relation with the altitudinal and morphoclimatic 

floors in the Romanian Carpathians (Posea et al, 

1974; Vespremeanu-Stroe et al, 2004). Less 

attention was paid to the study of solar heating 

induced thermal stress influence in weathering in 

Romanian mountain areas, the only paper which 

theoretically approaches this issues dating back to 

half-century ago (Stoenescu, 1951). 

In the common geographical conception, the 

freeze-thaw processes are thought to be important in 

high mountain environments while insolation 

weathering is mainly related to massifs within warm 

arid climates. In fact, in mid-latitude mountains, the 

two thermal processes are synergic, but with great 

evolution differences imposed by altitude, 

seasonality, climate and topographic characteristics. 

In this context, the present paper shows a 

comparative analysis of rock surface freeze-thaw 

processes and insolation induced thermal stress 

manifestation at two sites in Bucegi ï cold climate - 

and MŁcin ï arid ï Mountains. Our aims are: i) to 

identify the prevailing time-intervals for each 

process, ii) to distinguish between the two types of 

freeze-thaw cycles and determine their 

characteristics, and iii) to evaluate the thermal stress 

magnitude in the two areas during the insolation and 

freeze-thaw intervals. Also, the seasonal signature of 

the thermally-induced processes is inferred, in order 

to obtain the inter-site differences.  

 

2. Work Procedure 
 

At the two study sites rock temperature was 

recorded at every 2h during one year (June 2008 ï 

June 2009), with high accuracy (0.0625ÁC) DS 1922 

thermistors placed at 15 mm depth inside the rock 

body. The sensitive bottom of the sensors reached 

the rock, while the lateral and upper parts were 

isolated with silicon rubber in order to avoid water 

infiltration and to decouple from air temperature 

influence (Fig. 1). Both locations had a similar 

geometry of horizontal surfaces on massive rock 

blocks without adjacent obstacles; therefore, snow 

accumulation at sensor-sites was improbable (due to 

the wind action) and solar radiation was fully 

received during the warm season, without shadow-

influences. 

A detailed analysis of the obtained data was 

performed, to check eventual sensor dysfunctions 

and to determine the required parameters. Each 

freeze-thaw cycle was individually considered, 

while for the maximum insolation interval each day's 

temperature values were statistically reported. In 

addition, the meteorological data (daily values of 

temperature and precipitations) from V©rfu Omu, 

GalaŞi, Corugea and Tulcea stations registered 

during study time as well as multiannual values were 

considered, with the purpose to correlate the air 

temperatures and the precipitation regime with the 

rock thermal processes in progress. 
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Fig. 1: Rock surface annual thermal regime and specific intervals: INSIT ï maximum insolation  

interval; INSIT sec. ï secondary (autumn/spring) INSIT; F -TC ï freeze-thaw cycle 

 

 

3. Study Sites 

 

In Bucegi Mountains, the study site was situated in 

the alpine sector at 2501 m a.s.l., about 500 m East 

of V©rfu Omu, on a conglomerate outcrop 

(45Á26'47'' N; 25Á27'45'' E). It thus corresponds to 

the seasonally active periglacial or crio-nival level 

where cryogenic processes are intense (cf. 

Stoenescu, 1951; Micalevich-Velcea, 1961). 

Comparatively, the other rock surface was monitored 

at 330 m altitude in MŁcin Mountains, on the top 

surface of a granitic tor, placed on the northern crest 

of the Pricopan Ridge (45Á15'20'' N; 28Á11'03'' E). 

The differences in lithology have major 

importance on the thermal behavior of rocks. 

Conglomerates are medium-porosity rocks (7-10 %) 

favoring ice-segregation within rock pores, which is, 

according to Matsuoka (2001), the main condition 

for effective microgelivation. Granites are 

heterogeneous poly-mineral rocks with low porosity 

values (1-3%) in which joints and fractures are 

frequent, enabling macrogelivation rather than 

microgelivation. Nevertheless, due to the albedo 

differences at grain-size level, granites are often 

subject to granular disintegration due to thermal 

stress weathering. 

Photo 1. The regional setting and sensor placement in MŁcin (Pricopan Ridge) 
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Climatic conditions at the two sites indicate their 

ñextremeò characteristics. Mean annual temperatures 

range around -2.6ÁC at V©rfu Omu and 10.8ÁC in 

MŁcin Mountains (computed data from Corugea 

meteorological station, 220 m a.s.l.). The average 

annual precipitation of 1536 mm assures moisture 

availability for frost effectiveness in Bucegi, while 

MŁcin Mountains should be deficient, registering 

only 455 mm annually (averages computed for 

1961-1990 interval). 

Mean annual total solar radiation rises at 100 

kcal/cm
2 
in Bucegi and at 120 kcal/cm

2
 in MŁcin (cf. 

Stoenescu et al., 1962). Cloud cover functions as a 

restraining element on insolation action, reducing 

direct solar radiation and favoring diffuse radiation. 

In Bucegi it prevails for 211 days/year at V©rfu 

Omu, while in MŁcin Mountains total cloud cover 

affects about 120 days in a year (Stoenescu et al, 

1962).  

Wind has a strong influence on mid-day air 

temperature oscillations, causing sudden cooling 

when presenting high intensity. Mean annual speed 

values reach 9.2 m/s at V©rfu Omu and 3.5 m/s at 

Corugea. Taking into account the orographic 

accelerating effect the actual wind speed on 

Pricopan Ridge is estimated at 5-6 m/s 

(Vespremeanu-Stroe et al., 2010).  

 

4. Results 
 

4.1 Annual rock thermal regime 
 

The measured rock temperature allowed the 

evaluation of the daily and seasonal rock thermal 

behavior during the one-year measurement period. 

In Fig. 1, the main specific intervals of the two 

investigated processes are depicted. 

At both study sites a well distinguished 

maximum insolation interval (INSIT) is present, 

corresponding to the summer months, when 

insolation action is intense and diurnal temperatures 

reach the highest values: 17.06 ï 14.09 in Bucegi 

and 7.06 ï 13.09 in Macin. In Bucegi INSIT (90 

days) is characterized by an average of the 

maximum diurnal rock temperatures of 22.2ÁC and 

mean daily rock temperature amplitudes of 16.7ÁC. 

For MŁcin, the duration of summer intense 

insolation was similar (99 days, with 9 days longer), 

but presented significantly different values: the 

mean daily highest rock temperatures were averaged 

at 40.5ÁC and the rock thermal amplitudes at 21.5 

ÁC. The site situated in Bucegi showed a rather 

inconstant evolution of summer diurnal amplitudes, 

from 1.6ÁC ï the lowest, to 28.3ÁC ï the highest, 

reflecting the effect of intense summer solar 

radiation and high frequency of cloud cover, while 

in MŁcin daily temperature amplitudes higher than 

18 ÁC are typical. However, the daily maximum 

amplitude reached at 2500 m is superior to the one 

that occurred in the low-altitude massif (27.7ÁC). 

The lowest temperatures of the summer months 

occurred simultaneously at the two sites (-1.1 ÁC in 

Bucegi, 10.8ÁC in MŁcin, on 31.08), being induced 

by the same cold air front. Moreover, INSIT ends 

almost simultaneously due to the passage of the first 

autumnal cold air front, whilst the beginning of the 

interval occurs independently at the two sites, 

respectively with 10 days earlier in Macin Mts. 

Once INSIT finishes, the thermal regime of the 

high-mountain areas immediately starts to 

experience the diurnal freeze-thaw cycles, whereas 

in low-altitude massifs (MŁcin), after INSIT a 

transient insolation interval (autumn/secondary 

INSIT with moderate amplitudes) follows. During 

autumn INSIT, 24h temperature amplitudes 

decrease at 11ÁC in average and the mean maximum 

temperature is 19.6ÁC, representing just half of the 

amplitude and maxima values reached in the high 

insolation interval. Autumn INSIT lasts 64 days, 

until 18.11 when first frost occurs in MŁcin. 

The first freeze-thaw interval begins immediately 

after INSIT in Bucegi, lasting for 2 months (mid-

September to mid-November), and with a two 

months delay in MŁcin, covering 38 days (17.11 ï 

25.12). The active frost cycles in this interval are 

only diurnal, defined as a successive potential freeze 

and thaw occurrence in rock in less than 24h. An 

intermediate type was considered when frost 

continued for a few days (see Fig. 3). The 

distribution and frequency of freeze-thaw cycles (F-

TC) in the two locations differ significantly, with 

the remark that in MŁcin warm intervals with high 

temperatures recorded for several consecutive days 

(ñwinter windowsò) interrupt the oscillations below 

0ÁC. In Bucegi the diurnal freeze-thaw oscillations 

are relatively homogenous, only sporadically this 

type of warm days being present. 

Siberian freeze-thaw cycles were taken into 

account when having a duration of more than 5 days 

and high frost amplitudes (7-10Á). Annual (or 

seasonal) freezing is extended from 17.11 to 30.03 

in Bucegi (122 days), showing several thawing 

events that last at most a day. In MŁcin it covers 

only 17 days in December and January, with one 

thawing event. This time interval comprises the 

lowest year-round temperatures: -19.4ÁC in Bucegi 

and -12.3ÁC in MŁcin.  

In spring, rock surface is affected by diurnal F-

TC in April and May in Bucegi (1.04 to 15.05) 

showing a very high frequency. In MŁcin this F-TC 

interval ends at the beginning of April and it is 
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followed by another transition interval to INSIT 

with higher thermal amplitudes than in autumn.  

 
4.2 Freeze-thaw cycles characteristics 
 

Both icelandic and siberian F-TC affect the rock 

surface at the investigated locations, with important 

differences in frequency and duration. In all, 87 

cycles were counted in rock during 1 year period at 

2500m level, in the alpine monitored area, and only 

44 in the Pricopan Ridge. Siberian F-TC are also 

called seasonal F-TC (represents the thermal winter) 

and annual F-TC as this freeze type occurs once a 

year. In comparison, the air frost cycles 

approximated over the year (based on air 

temperature), are slightly surrpassed by the frost 

cycles recorded in rock at the first study site and 

overestimate them at the second (Table 1). Air F-TC 

numbers stand for the days with freeze-thaw 

occurrence potential, retrieved from daily extreme 

temperature values from the meteorological stations 

following the relation:  

      Ng = N (T min) - N (T max)                (1) 

 

with Ng = number of days with F-TC occurrence 

potential, N (T min) = number of days with T min 

Ò0ÁC, N (T max) = number of days with T max 

Ó0ÁC (cf. Vespremeanu-Stroe et al, 2004). 

The monthly distribution of F-TC is 

presented in Fig. 2. The autumn F-TC regime shows 

an intense activity of diurnal oscillations in Bucegi 

(40 events, 70% achievement coefficient
1
) 

comparing to the MŁcin site where only 10 events 

were registered (27% achievement coefficient), 

while both reached the highest number of icelandic 

F-TC in spring. The winter months are characterized 

by siberian frost cycles, which set the limits of the 

transition seasons (autumn/spring) at the two sites. 

 

 Rock F-TC Air F -TC 

Bucegi 86 83 (Vf. Omu station) 

MŁcin 43 58  (Tulcea station) 
 

Table 1  Measured rock and air freeze-thaw cycles in the 

one-year measurement period

 

 
 

Fig. 2: The monthly distribution of freeze-thaw cycles at the two study sites 

 
Diurnal F-TC 

Along with the number and the frequency of diurnal 

F-TC, their duration and the thermal amplitudes 

achieved during freezing establish the freeze depth 

and intensity, which give the effectiveness degree of 

the gelivation process and makes it valid for rock 

breakdown. The persistence of frost enables its 

propagation in rock, whereas low temperatures 

assure intense ice segregation, which generates 

pressure on rock internal surface (Matsuoka, 2001). 

Thus, in assessing frost impact in rock weathering, 

the distinction between ineffective and effective 

gelivation must be considered. A range of thresholds 

that set the conditions of F-TC to be effective was 

advanced in various laboratory and field studies 

(listed by Hall, in Hall, 2007), although none of 

 

 

these are considered to be immovable. More 

frequently, effective gelivation is associated with 

thermal values of ï3ÁC (Collins, 1944), ï4ÁC 

(Fukada, 1971), ï5ÁC (Fukada 1972, Lautridou 

1971) or from ï1ÁC to below ï4ÁC (Matsuoka, 

2001) (all cited in Hall, 2007).  

The duration of each cycle and the amplitude of 

frost were determined (Fig. 3). At both sites the 

cycles with the highest amplitudes (i.e. the lowest 

temperatures) lasted around 16-18h, and the mean 

amplitudes of the diurnal cycles were similar (2.8 

ÁC in Bucegi and 2.5ÁC in MŁcin), suggesting a 

consequent development pattern. Regarding the 

effectiveness of diurnal freezing, a theoretical 

approach would be the use of a time-temperature 

relative limit to identify the two types 

(ineffective/effective) on the basis of a diurnal 

freezing index. Considering that temperature was 
1Achievement coefficient = Number of days with F-TC / Total 

number of days. 
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registered at 1.5 cm within rock, we assumed that 

when temperatures did not reach at least -2ÁC and 

lasted under 0ÁC less than 12h, frost wasn't active 

deeper within the bedrock and had only a slight 

effect at the surface. This is sustained by field 

monitoring results in the alpine area of the Swiss 

Alps where rock temperature and crack 

displacements were simultaneously measured 

showing active expansion at crack opening during 

cycles with maximum negative amplitudes of 2 to 5 

ÁC, while superficial freezing did not resulted in any 

significant displacement (Matsuoka 2008, Fig. 10). 

Calculating the mean temperature maintained under 

0ÁC and multiplying it with the time (the number of 

frost hours) results the diurnal superficial freezing 

index (Fi, expressed in ÁCh units ï hours degrees) 

which combines frost duration and frost magnitude: 

 

                                Fi = ȹT * t                            (2) 

 

with ȹT = mean frost amplitude (ÁC) and t = total 

frost duration (hours). 

 

 

 
 

Fig. 3:  Frost amplitude and duration during the diurnal freeze-thaw cycles 

 

 

 
 

Fig. 4: Effective (A) and ineffective (B) freeze-thaw cycles registered at the MŁcin study site;  

Fi ï diurnal freezing index (critical Fi = 12 ÁCh) 

 
 

The Fi values higher than 12ÁCh which generally 

correspond with the previously mentioned limits 

(ȹT > 2ÁC, t > 12h) are indicators for effective 

freeze-thaw cycles, hence Fi=12ÁCh would be 

considered as the limit between the two F-TC types 

(Fig. 3, Fig. 4). Nevertheless, a total effectiveness of 

freeze-thaw cycles implies the presence of water in 

rock, which is difficult to estimate. Once a frost 

cycle accomplishes the time-temperature conditions, 

Fi > 12ÁCh, it can only be called effective if water is 

present in rock for to freeze. Consequently, this 

paper refers only to potentially effective/ineffective 

frost processes. 

Based on these estimations, 33% of the Bucegi 

diurnal F-TC were probably inefficient and 67% 

effective, whilst in MŁcin the proportion was 40% 

to 60% (Table 2). The average duration for 

ineffective cycles was 7h with Fi = 4.5ÁCh in both 

study sites, whereas the most of effective cycles 

lasted about 16-18h and covered a few more ÁCh in 

MŁcin (Fi = 44 ÁCh) than in Bucegi (Fi = 38ÁCh). 

The intermediate type F-TC were considered 

effective, due to their duration extending from 50 to 

70h, although maximum frost amplitude didn't 

always exceeded 2ÁC. 
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 Bucegi MŁcin 
 Ineffective Effective Ineffective Effective 

Autumn 18 24 5 5 

Spring 10 34 12 21 

Total F-TC 28 58 17 26 
 

Table 2 The seasonal distribution of effective and ineffective diurnal F-TC 

 
Siberian F-TC 

During siberian freezing, minimum rock surface 

temperatures of -10 to -19ÁC were typical (Fig. 5) 

hence, the depth of frost was maximum. However, 

the subzero temperature was inconstant, particularly 

in MŁcin and in the first half of this interval in 

Bucegi, when it rose to values of -1 ÁC, in few cases 

even passing over 0ÁC, in the so-called òthawing 

eventsñ. This behaviour indicates the lack of snow 

at the sensor sites (wind redistribution effect), and 

raises the question whether this type of short 

thawing events influenced in any way the rock body 

remained frozen in depth during the above-mentioned 

warming episodes. However, it is probable that 

superficial thawing records in the first few 

centimetres of the homogeneous sedimentary rocks. 

 

 
 

 

Fig. 5: Icelandic and siberian frost cycles magnitude 

The number of days affected by seasonal frost is 

almost 7 times bigger in Bucegi than in MŁcin (122 

to 17 days), because of the difference in climatic 

conditions. Nevertheless, the effect of the siberian 

F-TC type is not different in the upper bedrock 

horizon (0.5 m), because after temperature settles at 

low values, the action on rock internal surface is 

minimal, irrespective of the number of days. The 

different point is the much deeper impact of frost 

shattering in the high mountain area, as the 

significantly high values of the annual freezing 

index - 940ÁC days - contribute to frost propagation 

in unfractured rock body until 6 m, in comparison 

with 0.7-1 m in low MŁcin Mountains, with 96ÁC 

days. Frost depth values were estimated using the 

modified Berggren equation, cf. Matsuoka and 

Sakai, 1999: 
 

                       

D =  f ɚ
2 K   Af f*

L w ɟd                 (3) 
 

where Df = depth of frost (meters), Kf = thermal 
conductivity of rock (Jm

-1
h

-1
K

-1
), Af = annual 

surface freezing index (ÁCh), L = latent heat of 
fusion, estimated at 3.34 * 105 J/kg, w = estimated 

water content, ɟd = the dry unit weight of rock 
(kg/m

3
) and ɚ = dimensionless correction factor 

depending on initial surface temperature values, the 
subzero temperature, the water content and heat 
capacity of the frozen rock.  

 Much more attention should be paid to 

temperature variations at the beginning and the exit 
of seasonal freezing, which are the most effective in 
generating crack expansion within the entire year 
(see Matsuoka 2008, Fig. 9). On the other hand, 
long-lasting siberian frost enables microgelivation 
occurrence at higher depths than diurnal 

oscillations, and, consequently, increases seasonal 
freezing significance in the alpine area. In addition, 
this study area consists in high porosity 
conglomerates, which would allow water 
penetration and thus favouring active gelivation.  

 

4.3 Insolation induced thermal stress ï INSIT  
 

In assessing the importance of insolation triggered 

thermal stress on rock surface, diurnal thermal 

amplitudes are generally a valid coefficient, 

showing, as a scalar value, the heat change to which 
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the rock has to adapt, depending, simultaneously, on 

the rate of temperature increase or decrease, 

respectively. At the two locations, each day's 

thermal amplitude was determined and averaged 

hourly (Fig. 6), in order to obtain the thermal 

gradient in the day-intervals that present the fastest 

change and that would be able to impact on the 

internal surface of rock. As shown, the fastest 

increase was between 8.00 a.m. and noon, with a 

rate of 3.5ÁC/h in MŁcin and 3ÁC/h in Bucegi, while 

the decrease evolved slower, between 16.00 p.m. 

and 20.00 p.m., with rates of 3ÁC/h for the first and 

2ÁC/h for the second. 

The maximum daily values were generally 

reached at 14.00 p.m. at both sites, 5ÁC lower in 

Bucegi probably due to the high frequency of clouds 

and wind intensification, 30% of the INSIT days 

showing total coverage, comparing to 15% in MŁcin 

(based on sensor data interpretation). Nevertheless, 

the report between rock and air temperature at 2500 

m a.s.l. (Fig. 7) suggests that rock surface is 

exposed to intensive heating in the alpine area 

where the solar radiation intensity during clear days 

is stronger than in low-massifs. Noteworthy is the 

R-A index, expressed as the ratio between rock and 

air temperature amplitude, which is obviously 

bigger in Bucegi (2.5) than in Macin (1.4). This 

highlights, once more, the limitations of using air 

temperature as substitute data in analyzing rock 

thermal behaviour. 

 

 
 

Fig. 6: Mean hourly thermal amplitude variability during INSIT. The amplitude is reported  

to the mean lowest temperature recorded at 6:00 a.m. (considered as ñ0ò reference temperature)  

 

 
 

Fig. 7: Maximum and minimum daily rock and air temperatures in Bucegi (A) and MŁcin (B) in INSIT  
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A range of local factors control the intensity of 

thermal stress exerted during INSIT, among which 

the most important are precipitation occurrence and 

intense winds, which sensitively diminish air and 

rock temperatures, along with the altitudinal thermal 

gradient. About half of INSIT days experienced 

rainfalls in Bucegi, a quart of which were intense 

rainfalls, with cooling effect on rock surface, in 

comparison with MŁcin, where precipitations were 

present 24 days in the 105 days long interval, while 

only 5 of these events were intense (10 mm were 

exceeded).  
 

5. Discussions 
 

5.1 Seasonal variations of F-TC 
 

The two regional settings chosen for the present 

study impose different season duration and 

definition, and consequently, specific manifestation 

intervals of the prevailing thermal processes. In the 

alpine area of Bucegi, the summer is prolonged until 

diurnal (icelandic) freezing occurrence, the latter 

marking the autumn period with the remark that 

sporadic short-time frost events are possible in 

summer months as well. Annual frost corresponding 

to winter season extends until the end of March, 

afterwards spring installs, with a new range of 

diurnal frost cycles. Accordingly, the theoretical 

calendar transition seasons are actually never frost 

free at 2500 m a.s.l. and the annual frost (the 

siberian F-TC) counts more than 120 days. A better 

correspondence with calendar seasons is present in 

MŁcin, where autumn describes a real transition 

deployment, with gradual temperature decrease in 

secondary INSIT and few diurnal F-TC at the end of 

November. If winter should be restraint to siberian 

frost, here it would have a very short development, 

in December and January. Spring also displays a 

transitional pattern in MŁcin, with diurnal frost in 

March and April and positive increasing 

temperatures in May (secondary INSIT). This 

temporal evolution particularly affects the energy 

balance in the area and the rate of freeze-thaw 

oscillations (regarding only the icelandic cycles). 

Moreover, the efficiency of frost is also highly 

influenced by the climatic seasonal regime. 

According to the general distribution of the 

effective cycles (Table 2), it is noticeable that in 

MŁcin their frequency is very low in autumn, 

comparing to spring, when 80% of the effective F-

TC are registered. In Bucegi, the difference between 

seasons is lower (41% of the effective F-TC in 

autumn and 59% in spring), but the trend is 

simmilar, as the maximum effectiveness is reached 

in spring, when the rock thermal weathering 

processes should be very intense. 

 

 
 

Fig. 8: Precipitation regime and freeze-thaw cycles evolution in Bucegi (A) and MŁcin (B) 

 

This implies that autumn is generally less 

effective at both sites, also by the high proportion of 

inactive cycles and the low frequency of the overall 

F-TC. In this context, temperature regime seems to 

be the main influence factor in MŁcin, as it imposes 

multiple ñwindowsò with positive temperatures that 

interrupt the frequency of diurnal F-TC. If the 

precipitation regime is to be considered, as assuring 

the necessary moisture for active gelivation, both 

sites received comparable quantities within the 

correspondent diurnal F-TC intervals (Fig. 8). 

Furthermore, it is noticeable that most of the 
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effective diurnal F-TC are somehow preceded by 

precipitation, sustaining that water freezing in rock 

was present. However, if we take into account the 

multi-annual precipitation regime (1961-2009), it 

reveals that ñspring F-TC intervalò is obviously 

wetter than the ñautumn F-TC intervalò, receiving a 

mean water content of 4.1 mm/day and 2 mm/day in 

Bucegi. Oppositely, in MŁcin the difference is 

slighter ï 1.1 mm/day in spring and 0.9 mm/day in 

autumn F-TC. 
 

5.2 Thermal stress assessment 
 

The concept of rock thermal stress should apply to 

both freeze-thaw intervals and the intense insolation 

ones. The relevance of thermal stress in freezing 

processes is derived from the general evolution and 

fast temperature changes during potential freezing 

oscillations, independently of the mechanical action 

of frost or its occurrence. In autumn and spring 

diurnal freeze-thaw intervals the mean daily thermal 

amplitudes are similar (12ÁC) and reach maximum 

values of 20-23ÁC. Not only the great temperature 

values variation but also the short change duration 

induces thermal fatigue within the rock body; as in 

most diurnal F-TC the exit occurs generally fast, 

the rate from the absolute minimum to the highest 

temperature reached in thawing registering about 

1.3ÁC/h. 

  

 

Fig. 9: Thermal regime A) INSIT  (maximum insolation) and freeze-thaw intervals, ans B) during 

freezing interval and siberian F-TC. The colour wide columns show the mean daily amplitudes, while 

the narrow black lines the maximum amplitude 

Fig. 10: The potential rock water freeying interval 

lenght (ï1ÁCÓTÓï5ÁC) 

Fig. 11: INSIT mean 

and standard deviation 
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The significance of thermal stress triggered by 

freezing oscillations resides thus in the impact of 

rapid temperature changes crossing the 0 ÁC limit, 

parallel with the ice segregation related effects on 

rock. Regarding the thermal stress fatigue of rocks 

induced by summer solar heating during INSIT, the 

intensity differences between the investigated 

mountainous areas are noticeable. Figure 9A 

presents the mean values of diurnal thermal 

amplitudes and extreme temperatures that, on a 

large scale, indicate rock thermal state and the stress 

to which it should adapt. Thus, during INSIT the 

mean daily amplitude of temperature is 21.5ÁC and 

16.7ÁC respectively, which indicate amplitudes 22 % 

smaller in Bucegi than in MŁcin. The standard 

deviation values (Fig. 11) are an indicator of the 

diminishing ambient factors on solar heating, such 

as cloud cover, wind and precipitations. The cold 

convective mid-day summer rains could induce a 

significant thermal stress by fast cooling of rock 

surface. However, the rate of temperature change 

during these events was not quantified in the present 

study due to the medium sampling frequency of the 

temperature sensors. It is important to highlight the 

significance of the atmospheric cold-air front 

passage during summer which affects all the country 

regions (for instance the main low temperatures are 

synchronous, inclusively the absolute minima: 31 

August 2008), while the maxima are apparently 

random distributed over the warm period, different 

from a location to another. 

The high mountain environment is very exposed 

to insolation-induced thermal stress occurrence 

favoured by the intense air thermal diffusivity at 

high elevations. This is proved by the maximum 

amplitudes in clear days, sometimes superior to the 

values attained at low altitudes (Figure 10A); for 

instance, the 24-hours thermal maximum amplitude 

registered on September 1
st
 in Bucegi (28.5ÁC) 

overcomes that recorded in MŁcin (27.7ÁC on the 3
rd
 

July). Nevertheless, the alpine local topographic 

characteristics and the climatic conditions (intense 

nebulosity, precipitations and wind action) majorly 

reduce the thermal amplitudes during summer 

INSIT.  

 
6. Conclusions 

 

The present study shows that rock surface freezing 

processes have a major importance in alpine relief 

modelling (Bucegi) taking into account the large 

number of the freeze-thaw cycles (86), the high 

proportion of effective F-TC, representing the 

effectiveness degree (67%) and the intensity of the 

annual cycle (6 m frost depth) comparing to low 

altitude MŁcin mountains, where the freeze-thaw 

interval is significantly shorter (43 cycles) and frost 

depth only reaches 0.7-1 m during seasonal 

freezing. 

Although the maximum insolation interval length 

is correspondent at the two sites (90-100 days), the 

thermal stress magnitude is 22% smaller at 2500 m 

level than at 330 m level in MŁcin. Nevertheless, the 

maximum thermal amplitudes in INSIT are similar 

(37-40ÁC). Consequently, insolation induced 

thermal stress is the secondary process in thermal 

weathering of alpine relief, but it shows a greater 

potential than frost processes (secondary processes 

in MŁcin) in low altitude environments. 

The seasonal analysis of diurnal freeze-thaw 

cycles reveals that at both sites the maximum 

effectiveness occurs in spring (between 60 and 80% 

of the effective F-TC), generally characterized by 

higher precipitation amounts than the autumn. 
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Abstract. The present paper points out the impact of climate variations on the development of slope-channel processes 

in the last decades, correlated with anthropic pressure and precipitation in an area of high geological and tectonic 

potential for modeling processes (Paleocene and Mio-Pliocene flysch: marls, clays, sandstones, conglomerates and 

gravels). 

The Mann-Kendal statistical test reveals a general decreasing trend in precipitation and in flow-rates on the Prahova 

River registered at C©mpina, PŁtŁrlagele and Tulnici meteorological and hydrological stations during the 1961-2002 

period. This trend is generalized, as shown by the data registered in similar stations from the Curvature Subcarpathians. 

Torrential precipitation, following periods of drought or long periods of heavy precipitation, may trigger landslides, 

especially in areas where land is improperly used (deforestation, infrastructure constructions). In the case study (The 

Breaza and the Milcov Basin), the determinant landslide triggering factor is tectonic mobility in the conditions of a 

substrate consisting mostly of clays and marls. 
 

Key words: precipitation, tectonics, landslide, Romania, Curvature Subcarpathians 

 

 

1. Introd uction 

 

The study area lies in the outer southern part of the 

Eastern Carpathians (Curvature Carpathians). From a 

morphographic and morphometric viewpoint (Fig. 1), 

this is a transitional unit (Subcarpathian) between 

mountain and plain (Romanian Plain). Its geographical 

position, geological and geomorphological evolution 

has engerdered complex geomorphological, 

climatic-hydrological and bio-pedogeographical 

processes, partly analysed in previous works. 

This paper aims to present slope processes 

(general and particular) in the Curvature 

Subcarpathians (Romania) influenced by the 

geological and anthropic particularities of the 

region, and triggered by climatic factors in the 

conditions of some changes in the regionós 

precipitation regime mainly in the last decade. 

Being a unit in-between mountain and plain, 

between the south and the centre of the country, 

crossed by the main hydrographic networks (the 

Prahova, Teleajen, BuzŁu, SlŁnic, R©mnicu SŁrat, 

Putna and Milcov), human pressure was fairly 

strong materializing, among other things, in 

deforestation and construction. For example, Breaza 

town population density increased from 306 

inh./sq.km in 1930 to 450 inh./sq.km in 2002; as did 

the number of buildings from 3,000 to 9,100 over 

the same period (Grecu & ComŁnescu, 1998, Grecu 

& alii , 2001) 

2. Geological and geomorphological context  
 

The Curvature Subcarpathians belong to the 
Miocene-Pliocene Carpathian Orogene, Subcarpathian 
nappe (the flysch containing: marls, gravels, clay, 
sand and conglomerates). Their position at the 
contact of the East-European Microplate, Black Sea 
Microplate, Moesian Microplate and Pannonian 
Microplate accounts for active neotectonics.  
The highly faulted Curvature Subcarpathiansô 

geological structure is the result of the Moldavian 
and Wallachian tectogeneses (Miocene and 
Pleistocene, respectively). The large number of 
faults is due to a change in the direction of 
compression from NW-SE to N-S (Hippolyte & 
SŁndulescu, 1996). 

Uplift movements in the Pleistocene were of 
great amplitude, up to 1,000m (see MŁgura 
Odobeĸti between Putna and the Milcov valleys). 

In terms of structure, the Curvature 
Subcarpathians contain two units: an internal  folded 
sector and a monocline external one  between the 
Trotuĸ and the Dambovita valleys. There is a 
complex structure with asymmetric faulted folds and 
diapir folds (SŁndulescu, 1984).  

The Curvature Subcarpathians are situated in a 
seismic region, with the presence of diapir folds, 
mud volcanoes and burning fires, severe relief 
fragmentation (a stretch of submontane depressions 
surrounded by hills, separated and closed in at the 
exterior by two lines of hills). 

Revista  de geomorfo log ie                                                                                                                           vol. 12, 2010, pp. 45-52 
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Fig. 1: Curvature Subcarpathian ï hypsometric map. Meteorologic stations and areas of study 

 

3. Results and discussion 

 

3.1. Trends in precipitation 

 

Average precipitation in the Curvature Subcarpathians 

reach 600-800mm/ year, with a maximum of 80-100 

mm/24 hrs. Torrential rainfalls are registered mainly 

in July-August due primarily to the Carpathian 

Curvature which bars the advection of moist tropical 

air carried by Mediterranean cyclones. Maximum 

precipitation were registered at PŁtŁrlagele and 

C©mpina weather stations (177.8 mm on July 2, 

1975 and 135.6 mm on August 25, 1954, 

respectively) on the outer Carpathian slopes and in 

the valley corridors. The monthly averages and 

maxima found at C©mpina, PŁtŁrlagele and Tulnici 

stations are analysed here in (Table 1, Fig. 2) (Data 

supllied by the National Administration of 

Meteorology). 

Statistical trends in the quantity of precipitation 

(monthly averages and maxima/ 24 hrs) in the 

Curvature Subcarpathians are assessed by the Mann-

Kendal test. This non-parametric test enables 

detecting the statistical trend in a data row and 

calculate its significance. The positive or negative Z 

test value indicate an increasing or decreasing trend 

in data row values (Salm & alii , 2002). The 

equation was used for row data larger than 10. 

The results of the Mann-Kendal statistical test 

(Tables 2, 3) emphasize a decrease in the monthly 

average quantity of precipitation in February and 

May at C©mpina station and in January at Tulnici; a 

similar trend in the monthly maximum quantity/ 24 

hrs was found in August at C©mpina and in January 

at Tulnici stations. An increasing trend in the 

monthly average quantity was registered in March at 

Tulnici. After 1969 and especially after 1984, the 

decrease in precipitation all over Romania was 

connected mainly with the positive stage of the 

North Atlantic Oscillation (Busuioc & Van Storch 

1996; Tomoizeiu & all, 2003; Ghioca, 2006).  

The highest monthly averages over the past 45 

years (1961-2005) were above 100mm every month 

of the year, but particularly in the summer time 

(with a maximum of 296.0 mm in July 1975), but 

also in May and December (Table 4). 

 

 

Weather station Interv al 
Altitude  

(m) 
Average quantity of precipitation/year 

 (mm) 

C©mpina 1961-2002 461 714 

PŁtŁrlagele 1961-2000 289 629 

Tulnici 1961-2002 571 656 
 

Table 1 Main characteristics of the Curvature Subcarpathians weather stations studied 
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Fig. 2: Monthly variations in: A) average quantities of precipitation;  

B) maximum quantities of precipitation/ 24hrs registered at the Curvature Subcarpathian weather stations 

 
Weather 

station 
I  II  III  IV  V VI  VII  VIII  IX  X XI  XII  year 

Campina -1.53 -2.76 -1.21 -0.57 -2.08 0.63 -0.35 -0.35 1.14 0.21 -1.28 0.08 -1.24 

Patarlagele -1.09 -1.29 0.41 -0.72 -0.52 0 -1.30 1.08 0.31 0.89 -0.44 0.64 -0.93 

Tulnici  -1.68 -1.29 1.77 -0.89 -1.12 0.46 -0.68 -0.50 1.08 0.00 -1.05 0.40 -1.06 
 

Table 2 Statistical trends in the evolution of monthly precipitation average at three Curvature Subcarpathian weather 

stations (Mann-Kendal test) 

 

Weather station I  II  III  IV  V VI  VII  VIII  IX  X XI  XII  year 

Campina 0.21 -1.67 -1.62 -0.71 -1.92 -0.24 -1.22 -1.99 1.25 -0.5 -1.79 0.99 -2.31 

Tulnici  -1.76 -0.63 1.12 -1.43 -0.27 0.68 -0.62 -0.75 1.07 -0.55 -1.08 -0.22 -1.02 
 

Table 3 Statistical trends in the evolution of monthly maximum quantities precipitation/ 24 hrs (Mann-Kendal test)  

at two Curvature Subcarpathians stations 

 
Year/ 

Month 
I  II  III  IV  V VI  VII  VIII  IX  X XI  XII  YEAR 

1997 8.0 13.7 42.8 130.9 67.1 103.1 142.3 274.4 27.5 58.6 51.9 78.2 998.5 

1998 108.9 4.4 21.8 27.8 92.5 150.8 90.1 65.1 139.4 92.5 44.0 22.9 860.2 

1999 14.3 29.5 14.0 151.6 72.0 62.3 51.5 176.6 75.5 53.6 31.7 59.3 791.9 

2000 27.8 33.4 22.2 31.0 10.3 64.7 41.5 20.7 92.7 1.1 14.1 11.3 370.8 

2001 34 28 43 45 38 174 39 32.4 96 13 17 12 571.4 

2002 3 1 1 37 25 121 179 84 55 62 68 93 729.0 

2003 59 24 21 24 32 74 85 59 51 104 48 32 613.0 

2004 36 11 25 45 49 45 190 54 60 43 112 23 693.0 

2005 
29 98 42 47 163 118 192 261 195 5 42 46 1238.0 

Average 

(1961-

2005) 

39.7 40.1 39.3 59.7 91.0 112.4 101.2 84.6 52.3 45.3 54.1 51.4 771.1 

Min.  
(1961-

2005) 

1.6 3.8 0.0 5.8 10.3 31.7 17.5 10.7 3.5 0.5 2.2 1.2 370.8 

Max. 
(1961-

2005) 
121.2 125.8 100.8 151.6 220.2 274.0 296.0 274.4 173.7 187.1 190.4 218.7 1050.1 

 

Table 4 Monthly and annual average quantities (mm) at Câmpina station (1997- 2005) 
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Values being so high comes from the location of 

Câmpina station in the Prahova Corridor, a valley 

widely open to the south and therefore favourable to 

the penetartion of a moist Mediterranean air, as well 

as insolation and thermal convection in the warm 

season of the year. 
Noteworthy, three of the highest monthly 

quantities of rain were recorded over the past ten 
years: 274.4 mm in August 1997; 151.6 mm in April 
1999 and 195 mm in September 2005 (Table 4). 

In 1997, excess humidity set in as early as 
spring, reaching a peak in July and August, and 
paving the way to the development of intense and 
deep large-scale, geomorphological processes. 

A climate record years was 2005, when annual 
quantities of 1,238.0 mm registered at Câmpina 
station meant a deviation of 466.9 mm from the 
multiannual mean (771.1 mm). Moreover, the total 
quantity of the September rains represented the 
absolute maximum of this month.  

The intensity of that year¬s geomorphological 
processes was the consequence of impressive 
quanties tell in excess for five succesive months, 
from May through to September (DragotŁ, 2006). 
The 118.4 mm of rain fallen on September 20, 2005 
represented the absolute maximum of precipitation/ 
24 hrs ever registered at Câmpina station over the 
1901-2005 period. 

The worst effects of precipitation-induced land 
degradation on slope happened in the warm season, 
especially in the summer months, when heavy falls 
had the greatest frequency, intensifying erosion and 
landsliding. 

Rainy days (over 10 mm/ day) are very frequent 
in June and July. In the conditions of a moist soil 
precipitation of > 10 mm enhances degradation 
processes through run-off on slope (rain-induced 
denudation) and concentrated overland flow (rilling 
and gullying). 

In transitional seasons there is also a high 
frequency of short, torrential falls and of lengthy 
intervals of rain when the important quantities 
recorded lead to the degradation of land. However, 
degradation is particularly intense in spring, when 
terrains are ploughed and the rain falls on the moist 
soil left over by snowmelt (Sandu & BŁlteanu, 
2005). Whenever heavy rainfall follows long periods 
of dryness, soil erosion is particularly severe, 
especially on slopes cultivated with hoeing plants. 
 

3.2. General slope processes in the Curvature 

Subcarpathians 
 

3.2.1. The Breaza landslides (Prahova Valley) 
 

Breaza town witnessed landslide reactivation after 

the August 1997 and September 2005 torrential 

rains (274 mm at C©mpina station and 194 mm, 

respectively) . 

The active landslide dynamic seen on the Breaza 

terrace scarp (60-65m) (Photo 1). over the past ten 

years is due to both climatic conditions and 

anthropic factors. Observations made between 1996-

2007 show a steady degradation and reactivation of 

old landslides (Fig. 3, 4). 

The buildings located in the landslide deluvium 

and intervention in the phreatic sheet reactivated 

landslides in the conditions of torrential 

precipitation in 1997 (Grecu, 1999; Grecu&all, 

2001), 2005, 2006 . 

In 2007, the danger for the neighbouring 

buildings to slide made the authorities take 

measures against sliding and the management of 

slopes. The analyzed landslide is developed on 

Breazaôs scarp of terrace (65-75 m) (Fig. 5). The 

altitude at the top of the landslide (the main 

detachment gulch) is at 534 m and the contact with 

the flood-plain is at 478 m. Geologically it is 

characterized by terrace deposits (gravel alternating 

with clay), isolated gypsum stones appear that 

initiate or reactivate the landslides. The regressive 

development led to the destruction of some farms, 

the road of local interest and increases the risk for 

many households including the proximity school. 

The importance of studying the landslide resides 

also from the fact that downstream there is an 

important transcarpathian thoroughfare (national 

road, main railway and, in perspective, the highway 

Bucharest - Brasov). Thus the knowledge and the 

providing of the slope dynamics are particularly 

important, the landslide being monitored by 

successive mapping of land and special techniques. 

The numeric model of the land was worked out on 

the basis of detailed topographical takings using 

DGPS and the total station. 

 

3.2.2. Landslides in the Milcov Basin 
 

Milcov Basin is placed between 500 and 750 mm 
isohyets. The multiannual average values for the 
analyzed bases are: Focsani (546.8 mm), Odobeĸti 
(637.4 mm), Tulnici 645.3 mm) and LŁcŁuŞi (828.3 
mm). In these weather bases is observed that only 
during the warm season (May-September) there is a 
direct relationship between precipitation and relief 
altitude. It is the season of maximum dynamics of 
landslides. Due to Atlantic cyclones activity the 
highest amounts of rainfall throughout the year are 
registered (about 2/3 of total rainfall). During the 
winter, the amount of precipitations is lower 
because of the influence of the foehn wind. 
Frequently, during the winter, at the weather base 
Tulnici are less precipitation than at Odobeĸti.  
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Fig. 3: Breaza landslide map (july 2006) 

 

       
 

                   Fig. 4: Breaza landslide (frontal view)                                       Fig. 5: The main Breaza landslide and its effects 

 

Rainfall intensity is the determining factor in 

triggering landslide. The highest values of the 

maximum amount of rainfall in 24 hours occurred in 

July and the lowest one in February. In was 

developed that in Vrancea Subcarpathians the 

precipitations under 30 mm, with a weight of 50-

55% of total precipitation, generates less than 15% 

of the erosion, while those above 30 mm, over 85% 

of the amount of the eroded material (Constandache 

C., Nistor, S., 2006). 

For the Bend Subcarpathians the maximum 

rainfall intensity, of 0.11-0.25 mm/min, has the 

highest share (22.4%) of total precipitation. It 

follows the maximum rainfall intensity of 0.26 - 
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0.50 mm/min (21.5%) and over 0.50 mm/min 

(20.8%) (Bogdan O., Mihai E., 1985). The strongest 

intensity of pouring rain was 6.9 mm/min 

(14.08.1977, Tulnici). The number of days with 

precipitation above 10 mm range between 22.6 

Lacauti, 19.5 Tulnici, 19.6 Odobeĸti, and 16.4 

Focsani.  

The wettest years of the last half century were 

1961, 1962, 1966, from 1969 to 1972, 1977, 1979, 

1997 and 2005. In 1977, after the earthquake of 

March 4 (7.2 on the Richter scale) it followed a 

rainy summer. The highest daily amounts were 

recorded on 25
th
 of August: Tulnici 82.6 mm, 

Lacauti 93.7 mm, Odobesti 51.5 mm. These have 

resulted in the production of landslides in 

Andreiasu, Reghiu and Mera (Fig. 6).  

The precipitations of 12-13
th
 of July 2005 led to 

record historical flow of Milcov 696 m
3
/s. The 

lateral and depth erosion processes were very 

intense, causing large changes in the riverbeds. The 

country road Focsani ï Butucoasa was seriously 

affected; this road follows Milcov river most of its 

course (SŁcrieru R., 2008). Most of the reactivation 

of landslides occurred regressively due to 

undermining the basis of slopes. Broĸteni, Mera and 

Lower Andreiaĸu localities were affected. Milcov 

Basin is characterized by large hydro and forestry 

facilities made after 1960. There are 197 hydro 

transversal works (dams of concrete and stone 

masonry). After the precipitation from July 2005 it 

was observed a very clear difference in stability 

between the slopes that have been installed of the 

basin Arva and the ones that havenôt been installed 

of the basin Valea Rea (SŁcrieru R, 2008). 

 
3.3. Particular slope processes in the Curvature 

Subcarpathians 

 

The pseudo-karst of Meledic developed on salt and 

the salt breccia (Aquitanian), on the lefthandside 

slope of the SlŁnic River, between Valea SŁrii, 

Meledic and Jgheabu. Pseudo-karst forms such as 

karst depressions and lapis lies on the plateau. The 

internal pseudo-karst is represented by forms that 

are less resistant in time. In some karst depressions 

lakes were formed by the accumulation of 

precipitation water; these are fresh water lakes, 

because their clay- covered bottom is impervious. 

There is significant salt slope dynamics at Meledic 

due to the action of rain and wind (Fig. 7). 

The mud volcanoes on the PŁclele Hills were 

formed in an anticline depression of an anticlinale 

axis, in Pontian deposits, bordered by cuestas 

corresponding to Dacian and Romanian formations. 

Mud eruption is the work of inside natural gas 

pression which creates mini-volcanoes (P©clele 

Mari, P©clele Mici). The dynamics of mud 

volcanoes is connected with precipitation, mudflows 

contributing to the deepening of gullies (Fig. 8). 

 

 
 

Fig. 6: Milcov basin: slope landformes and processes 
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Fig. 7: Meledic ï salt slope modelling A) by hydric erosion B) by eolian action 

 

                 
 

Fig. 8: Mud volcanoes ï A. Slope modeling by gully erosion B. The mud role in gully aparition 

 

4. Conclusions 

The geological, geomorphological and anthropic 

particularities enhance dynamics on the Curvature 

Subcarpathian slopes. The quantity of precipitation 

is a triggerring factor of slope processes. By their 

torrential character, precipitation may tarn slope 

processes into natural hazards. Although the 

multiannual evolution of precipitation amounts in 

the Curvature Subcarpathians shows a statistically 

decreasing trend, yet in Breaza area landslides have 

become ever more frequent is over the last 10 years 

in particular. 
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Abstract. Deep-seated landslides represent the Transylvanian geomorphological landscape features both in magnitude 

and frequency. The mechanism and the morphology of those deep-seated landslides had such an impact upon 

researchers that S. Jakab (1981) said that those landslides are ñcatastrophic moment in the slopeôs evolutionò. 

The landslides from Cheia are deep-seated landslides type, with an area of approximately 4 km
2
. The individualization 

of this deep-seated landslide on the left slope of the Aries River is on the surprising morphology of this landslide. 

Through our study we plan highlighting the spatial relationships which led to the evolution of the deep-seated landslides 

morphology. The analysis of multi-temporal cartographic support and the correlation of our data with the field reality 

allowed us to identify the major changes of the deep-seated landslides forms and also to distinguish two areas that are 

distinct from the morphological and dynamic point of view. 
 

Keywords: glimee, morphodynamic, Cheia 

 

 

1. Site Characteristics 
   

The landslide form Cheia is included in the deep-

seated landslides category, which is a deep and 

massive landslide with an area of approximately 4 

km
2
, a length of 2 km and a width of almost 1,8 km. 

This deep-seated landslide is near Cheia village 

(Cluj County), on the left side of the Aries River 

(see fig. 1), and is very well individualized by its 

morphological characteristics of the surrounding 

landforms: in north there is the alignment of 

Carierei ï Hodinis ï Dealul Alb Hills, on east there 

is Lupilor Hill and the channel of the Aries river in 

south. The slipped masses during the landslide came 

to the river bed, altering its course. 
 

 
 

 

Fig. 1: Localization of the studied deep-seated landslide 

The influence of the lithologic, structural, 

climatic, bio-pedologic and anthropogenic factors is 

reflected in the general appearance of the deep-

seated landslide, which looks as a well developed 

and mature landscape.  

The region lithology is represented by 

Pleistocene formations (sand, gravel), Sarmatian 

deposits (marls, sand, and gravel) and Holocene 

formations (sand, gravel) (Turda Geological map ï 

1967, scale 1:200000).  

The spatial location of lithological formations 

has put its mark on both morphology and dynamic 

of the ñglimeeò deep-seated landslides.  

So, the scarp overlaps the Pleistocene 

formations, the landslide body is mostly 

superimposed by the Volhinian-Bessarabian 

formations and Pleistocene formations that appear 

only in the south-west part, and the landslide toe 

overlaps the Holocene formations.  

Morphologically speaking we can say that the 

deep-seated landslide positive forms are conical or 

rounded, most of them being in very advanced 

erosion stage.  

Due to the subsidence processes, landslides and 

gulling processes, most of the deep-seated landslide 

hills are very fragmented, and so many of them are 

segmented into mounds. The negative forms of the 

deep-seated landslide ï longitudinal and transverse 

depressions ï are well individualized and occupied 

by temporary rivers or by permanent and/or 

temporary lakes. Deep-seated landslide area that we 
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have studied has been included to the agricultural 

system, and so the mounds from the landslide toe 

are used for crops. Also, in the past, the depressions 

have been used as orchards.  

Just because of the strong dynamics of 

geomorphological processes that affect the deep-

seated landslade, now the land is used for pastures 

and hayfields in proportion of 90%.  

 

2. Methodology  
 

To analyze the evolution of deep-seated landslide 

from Cheia we tried to identify those areas which 

have been most affected by the erosion and 

accretion processes especially in terms of spatial 

relation that have worked to shape the morphology 

of our study area. Methodological, in order to 

achieve more results we analyzed several 

cartographic documents represented at different 

successive temporal referential stages: the Josephine 

topographic maps for Transylvania (1769-1773), 

topographic maps, then satellite sceneries and 

topographical surveys to date. Of course it was 

assumed that the series of cartographic documents 

faithfully reflect the reality of the relief from the 

survey moment.  

The morphological changes of the deep-seated 

landslides has been determinate based on a 

comparison of states recorded at different times on 

the cartographic and imaging documents with the 

present morphology of this deep-seated landslide.  

 

3. Analysis and results 
 

The deep-seated landslide from Cheia is a ñglimeeò 

type landslide, atypical for the consequent subtype, 

because it does not have parallel strings composed 

by hills, but has hills disposed chaotic. The chaotic 

disposal of the hills is due to the accelerated blocsô 

fragmentation and to the chaotic movement of the 

blocs on the landslide bed.  

Corroboration of the endogen processes, 

exogenous ones and the anthropic activities led to 

activation and reactivation of some geomorphological 

processes, such as: landslides, rock fall, collapse, 

denudation processes, torrential ones, weathering. 

Those processes concur to the degradation of the 

scarp, the hills and the depressions between the 

hills, having as result the badlands fields (fig. 2).  

Starting with the analyse of the Josephine maps ï 

the topographic survey of Transylvania (1769-

1773), than with the topographical maps from 1962 

and 1984, scale 1:25000, and 1973 scale 1:5000, we 

were able to observe majors differences regarding 

the degree of fragmentation.  

Those observations caught our attention and we 

started some researches on the dynamic of the 

geomorphological processes, which shaped the 

deep-seated landslide up to today morphology. 

 

 
 

 
 

Fig. 2: Mounds from Cheia ñglimeeò deep-seated landslide 

affected by weathering, erosion and rock fall 
 

After analysing multiple longitudinal and 

transversal profiles over the deep-seated landslide, 

made on the cartographic documents, images and 

topographic surveys up to date, we identified the 

areas that have been major modified during time. 

Using the longitudinal profiles we could analyze not 

only where are located the parts that are highly 

shaped during time, but also to estimate by what 

processes and how were ñtransformedò. As seen in 

the fig. 3, there are hills that are affected by 

landslides and others are affected by human actions, 

being prepared for agriculture use. 

The morphology of the ñglimeeò was deeply 

modified by erosion processes and mass movement 

ones, in such a way that today the hills are 

fragmented in several pieces (called mounds) (see 

fig. 4). The depressions are filled with the materials 

that are detached from the slopes, and so the 

elevation of the depressions in increasing and of the 

mounds is decreasing.  On the other hand there are 

some depressions that are shaped by gulling 

processes, so their elevation is decreasing and the 

elevation of the mounds is increasing.  

Sometimes the two forms (depression and 

mounds) are decreasing at the same time, so that 

part of the ñglimeeò is getting closer to get flatten. 
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      Longitudinal profile ï year 1970                                         Longitudinal profile ï year 2009 

 

   
  

Fig. 3: Longitudinal profile over the Cheia deep-seated landslide.  

Evolution of the relief forms due to the geomorphological processes (studied period 1973-2009) 

1. Depressions that were clogged by materials that were coming from the slopes because of landslides, collapse; 

 2. Depression affected by gulling processes; 3. Hills shaped by landslides, collapse and erosion processes;  

4. Hill shaped by human activities ï agriculture lands. 

   

 
 

Fig. 4: Fragmented hill from the deep-seated landslide body (2009) 

 
Comparing the data from the topographical map, 

scale 1:5000 (1973), with the data from the 
topographic survey (2009), we identified parts that 
were affected by geomorphological processes that 
fragmented the hills (see fig.5.), and filled the 
negative forms.   

Mechanical properties of the rocks that are in 
composition of the mounds (marls, sands, gravels) 
and the structure of those, allow the water to pass 
through their fissures, and so the water gets to the 
materials such as clays and silt, which are at the 
bottom, and new landslides and other processes are 
activated. This led to the today morphology, with 
many mounds that are reshaped continuously. 

The geomorphological processes that shape the 
deep-seated landslide tend to flatten of the ñglimeeò 
landslide. Their action on the scarp of this landslide 
determinate the uplifting of the scarp to the 
interfluves, and at the same time they reduced the 
slope inclination.  

These actions are leading to the elimination of 
the scarp. Today it can barely be distinguished, 
because it is affected by new landslides and the 

depression that oneôs was between the scarp and the 
first hills wade is almost hills by landslides that 
affected the scarp and the hillôs slope. 

Cooperation between lithology, climate and 
human activities has an important influence on the 
dynamic of the geomorphological processes.  

Where are Sarmatian deposits, or at the contact 
between those and the Pleistocene deposits, the 
fragmentation is higher that where are Holocene 
formations. On those two parts of the ñglimeeò 
deep-seated landslide even from a morphological 
point of view they are different. 

There for we can set bound for two areas that 
have different aspects regarding the morphology and 
morphodynamic (fig. 6).  

The part that is over the Sarmatian deposits and 
over the contact between the Sarmatian and 
Pleistocene formations, represent the scarp and the 
most part of the landslide body. From a 
morphologic point of view this part is dominated by 
mounds, with rounded or conical shapes. Those 
mounds are shaped by weathering, landslides, creep, 
rock fall, subsidence processes and erosion processes. 

NW                                                                             SE NW                                                                            SE 
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Fig. 5: Extract of the DEM from 2009 on which are overlaid the contours from 1973ôs map.  

The rectangles show the parts that were fragmented during almost 30 years 

 

 

 
 

Fig. 6: Lithological sketch of the deep-seated landslide from Cheia. The limit between the two areas 

that have different characteristics: 

1. Area with high fragmentation, on Sarmatian and Pleistocene deposits; 

2. Area with low fragmentation, on Holocene deposits. 

 

The slope inclination has values between 30-90
0
, 

and where the inclination is very high the strata are 

brought to daylight (fig. 7).  

The depressions from this area are narrow, 

occupied by temporal and/or permanent lakes, and 

are clogged with the material coming from the slopes.     

The area that is over the Holocene deposits is 

part of the landslide body and especially the toe, 

which has reached the Aries riverbed. This area 

presents big blocks which are fragmented by gulling 

processes. Those gullies are now filled by 

permanent and temporary lakes. Comparing with the 

first area here the fragmentation is less high, and the 

hills are used in agricultural system. The 

geomorphological processes are not so active, and 

only a few landslides affect the ridges of the hills. 

1 

2 
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Because this part of the deep-seated landslide is 

used as agricultural land, the geomorphological 

processes are less active, and even stopped (fig. 8). 

 

 
 

Fig. 7: Mounds fragmented that are situated in the first 

area, at the central part of the landslide body 

 

 
 

Fig. 8: Hills that are less fragmented, on the toe of the 

landslide 
 

Because of their morphology, this type of 

landslide (deep-seated landslides) has been included 

to the agricultural system. Regarding the evolution 

of land use, we observed the shift from hay land use 

category to vineyard category or to orchards and 

pastures. In the 80ôs, the areas of this deep-seated 

landslide that were suitable for arable crops have 

been transformed into arable land, but those which 

have been very affected by the geomorphological 

processes have been included to pastures.  

So, the fact that this deep-seated landslide from 

Cheia is used in agricultural system can be 

understood like a good thing by slowing the 

geomorphological processes and also can be 

understood as a bad thing by excessive grazing 

which accentuates the erosion processes.  

Most recent climate changes represent a 

favourable factor for modelling the deep-seated 

landslides, especially in terms of flattening the slope 

affected by this kind of landslide.  

 
4. Conclusions  

 

By analysing the evolution of the deep-seated 

landslide from Cheia we identified several parts of it 

that are modified by different geomorphological 

processes, having as cause the natural and anthropic 

factors that pull together in order to have the 

morphology from nowadays. Through comparing 

the cartographic materials and the satellite images 

we can affirm that there are some parts of the deep-

seated landslide that are active. The lithology plays 

an important role for the dynamic of the 

geomorphological processes, there for we were able 

to distinguish to different part from a morphological 

and morphodynamic point of view. The way in 

which the deep-seated landslide evolves and 

because of the active processes that shape the forms 

of ñglimeeò, the villages that are nearby this area 

might be at risk. The infrastructure that they build 

(in 2005) on the deep-seated landslide is already 

affected by active landslides, so this deep-seated 

landslide can be reactivated. 
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R®sum®. Lôimagerie radar est un moyen actif permettant dôobserver le territoire par tout temps ind®pendamment de 

toutes conditions m®t®orologiques. Lôimage radar dôamplitude apporte, ¨ partir de la radiom®trie, des informations sur 

les caract®ristiques di®lectriques (humidit® du sol, cibles m®talliques, ...) et g®om®triques (pente locale, rugosit®, 

orientation, ...) de la surface imag®e. Les images diachroniques (composition color®e) sont le r®sultat dôune 

comparaison entre des images dôamplitude permettant d'avoir des informations du changement de la radiom®trie entre 

diff®rentes dates. Le MNA (Mod¯le Num®rique d'Altitude) repr®sente une donn®e compl®mentaire importante pour 

lôanalyse du territoire. L'association des deux informations (relief ¨ partir du MNA et images amplitudes avec leurs 

produits d®riv®s), permet alors d'avoir une meilleure interpr®tation de l'®volution du paysage dans la r®gion.  

L'objectif de notre travail consiste ¨ confronter ces deux informations pour interpr®ter les changements entre plusieurs 

dates d'acquisition des images d'amplitude radar (RSO) dans la r®gion de Buzau (Roumanie), r®gion tr¯s complexe, tr¯s 

humide et caract®ris®e par des reliefs et des terrains tr¯s accident®s avec diff®rentes pentes ainsi quôune v®g®tation 

pr®pond®rante. Ces trois caract®ristiques rendent le probl¯me plus complexe car ils compliquent lôinterpr®tation du 

signal ®lectromagn®tique r®trodiffus®.   

Nous avons pu obtenir diff®rents r®sultats : (1) La r®alisation des images dôamplitude et diachroniques avec une 

r®solution de 20 m sur la p®riode 1995 ï 2005. Nous avons produit 12 couples de composition color®e de diff®rents 

intervalles des satellites ERS et ENVISAT, 6 couples des images ERS entre 1995 et 1999 et 6 couples des images 

ENVISAT entre 2004 et 2005. (2) La r®alisation dôun mod¯le num®rique dôaltitude (MNA-ERS1/2-95) de la zone 

dô®tude avec une r®solution de 20 m sur une ®tendue de 100 km x 100 km et une pr®cision globale de moins de 17m. La 

r®alisation du MNA de Buzau est obtenue ¨ partir du couple tandem (ERS-1/ERS-2) des 28 et 29 mai 1995. 

Lôassociation des images diachroniques dôamplitude avec le MNA-ERS1/2-95 nous a permis dôobserver les 

changements de paysage. Ces changements de paysage ont des origines diff®rentes ¨ cause des trois types du terrain : 

(a) pour la partie plate (plaines), les changements sont dus ¨ : (i) l'humidit® -pluies- (p®riodes humides et p®riodes 

s¯ches); (ii) culture de champs (rugosit® : lôintervalle de temps d®passe les 4 semaines); (iii) la v®g®tation. (b) pour la 

partie interm®diaire (reliefs mod®r®s, pentes orient®es vers le radar), les changements sont dus aux : (i) diff®rence de 

lôhumidit® et la v®g®tation; (ii) petites diff®rences dôangle dôincidence entre les diff®rentes prises de vue surtout pour les 

pentes orient®es vers la vis®e du capteur. (c) pour la partie haute ¨ lôouest (forts reliefs, reliefs accident®s), les 

changements sont dus aux : (i) petites distorsions qui sont dues aux diff®rentes g®om®tries dôacquisitions des images 

(prises de vues); (ii) lôhumidit® et la v®g®tation. Cette association entre un MNA et des images de composition color®e 

(radiom®trie) ne demande pas une grande pr®cision altim®trique. Par contre, elle demande une plus grande r®solution 

planim®trique.  

Ces r®sultats permettent de souligner les points suivants : (1) Lôimage radar dôamplitude, repr®sente mieux la surface 

plate (plaine de Buzau) que la surface accident®e (collines subcarpatiques et Carpates). (2) Elle donne pour la r®gion 

haute des distorsions qui sont proportionnelles aux degr®s des pentes. Plus la pente est raide plus la distorsion est 

grande. (3) Par contre, sur la zone des plaines de Buzau, la distorsion est moins importante sauf pour la distorsion qui 

r®sulte des dimensions de r®solution qui nôest pas exactement identique dans les deux directions. 
 

Mots clefs: Diachronique, Amplitude, MNA, Buzau, Radar, RSO, Composition color®e. 

 

 
I. Introduction  

 

La zone de Buzau (Roumanie) de par ses 

caract®ristiques g®ologiques, g®omorphologiques, 

g®odynamiques, tectoniques et climatiques, est 

soumise ¨ plusieurs risques naturels qui modifient 

continuellement le paysage. Ces changements sont 

peu ou pas observables ¨ partir des images 

satellitales optiques. Le radar ¨ Synth¯se Ouverture 

(RSO) est alors un moyen efficace, rapide et peu 

co¾teux pour ®tudier ces ph®nom¯nes, gr©ce ¨ son 

fonctionnement (tout temps) et sa capacit® ¨ 
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exploiter lôonde radar ¨ partir de plusieurs 

m®thodes. Cette mesure permet dôobtenir deux 

informations : (1) Energ®tique (radiom®trie) : 

Puissance ®mise et re­ue (gr©ce ¨ lôamplitude de 

signal). (2) Temporelle (phase) : Distance entre le 

capteur radar et la cible (gr©ce au param¯tre de la 

phase de lôonde enregistr®e). Lôamplitude 

caract®rise la r®flectivit® du pixel pour lôonde hyper 

fr®quence. Elle est exploitable directement et 

comparable ¨ lôimage optique. Elle est en relation 

directe avec lô®tat de surface ; ainsi les surfaces 

rugueuses et humides sont repr®sent®es par une forte 

radiom®trie ; au contraire les surfaces lisses et arides 

apparaissent avec des valeurs faibles de radiom®trie. 

Les images radars dôamplitude ont ®t® utilis®es dans 

plusieurs domaines et ¨ diff®rents objectifs. Elles 

ont montr® leurs utilit®s et efficacit®s dans : le suivi 

de la d®forestation, la surveillance de la fonte des 

glaces, la lithologie dans lôenvironnement polaire 

(P. BUDKEWITSCH et al., 1996 a, b) ; lô®tude et la 

d®tection des ph®nom¯nes m®so-®chelle en 

oc®anographie (P. LABORDE et M. DEVEAUX, 

1996) ; la reconnaissance des formes, 

lôam®nagement du territoire (J. P. RUDANT et al., 

1996) ; la classification des cultures (J. 

BRUNIQUEL et A. LOPĈS, 1994 ; A. LOPĈS et F. 

S£RY, 1997) ; la cartographie g®ologique (V. 

SINGHROY et R. SAINT-JEAN, 1999), la 

cartographie structurale (S. WADE, et al., 2001) ; la 

d®tection et la caract®risation des nappes 

dôhydrocarbure dans les mers et les oc®ans (G. 

MERCIER et al., 2004) ; la cartographie du 

dommage urbain du aux catastrophes naturelles ou 

industrielles, les changements des limites c¹ti¯res 

(K. BĄ et al., 2007) ; la cartographie de lôextension 

de lôinondation au moment de lôacquisition (P. A. 

BRIVIO et al., 2002). Les images de composition 

color®e
 
ont ®t® utilis®es pour lôidentification des 

caract®ristiques optimales pour la surveillance de 

l'inondation dans des zones urbaines (A. 

MCMILLAN et al., 2006).  

Les images de composition color®e dôamplitude 

radar (diachroniques) constituent un moyen tr¯s 

efficace pour le suivi dans le temps de plusieurs 

ph®nom¯nes naturels. Dans le cas des ph®nom¯nes 

hydrologiques (les crues, les inondations, etc.), elles 

permettent dô®valuer lôimpact des inondations sur le 

territoire. Cependant une image satellitaire seule ne 

permet pas de comprendre pourquoi certaines zones 

sont inond®es et dôautres pas ; elle ne permet pas de 

faire de pr®dictions quant aux terrains qui seront 

envahies par les crues et dôidentifier des zones qui 

peuvent servir pour une ®vacuation rapide. Le MNA 

(Mod¯le Num®rique dôAltitude) est utilis® dans la 

compr®hension et la pr®diction des ph®nom¯nes 

dôinondation. Il permet de comprendre le fait que 

certains endroits sont inond®s et dôautre pas et 

permet aussi dôavoir une id®e sur les terrains qui 

seront envahis par les crues ¨ lôaide de la 

g®omorphologie du terrain. Il permet aussi 

dôidentifier les zones dô®vacuation. Bien que les 

images satellitaires aient montr® leur efficacit® dans 

le suivi des ph®nom¯nes hydrog®ologiques et 

lô®valuation de lôimpact des crues et les inondations 

elles seront plus efficaces en les associant ¨ des 

MNA. Dans le domaine de la g®omorphologie, ces 

images radars (diachroniques) permettent de 

d®tecter des zones humides susceptibles de 

conna´tre des glissements ; cependant, on ne peut 

pas pr®voir avec exactitude le sens du glissement ni 

le volume des blocs d®plac®s ; le sens du glissement 

pourra °tre d®duit ¨ partir dôune carte de pentes, 

elle-m°me produit d®riv®e des MNA. Lôassociation 

de lôimage amplitude avec un MNA a montr® d®j¨ 

son efficacit® pour d®terminer lôhumidit® de surface 

du sol en zones arides et semi arides (D. 

TROUFLEAU et al. 1994). Les images radars 

peuvent donc d®tecter les zones humides sensibles 

aux mouvements du terrain (glissements de terrain, 

coul®es de boue, é) ; en les combinant avec les 

MNA, on peut pr®voir avec pr®cision la direction 

des glissements ou les coul®es de boue dans la 

r®gion. Ils donnent aussi plus dôinformation avec les 

cartes g®ologiques.  

Le MNA joue un r¹le tr¯s important dans 

diff®rents domaines surtout dans le domaine de la 

gestion des risques naturels. Il repr®sente une 

donn®e tr¯s importante pour comprendre la 

g®omorphologie d'une r®gion. Par contre, une image 

amplitude radar permet d'avoir les informations 

instantan®es de la r®gion imag®e et comme le radar 

c'est un outil ¨ tout temps et toutes conditions 

m®t®orologiques, la composition color®e permet 

d'avoir une information de changement de paysage 

entre deux dates diff®rentes. La combinaison de ces 

deux informations, la g®omorphologie du terrain, 

plus particuli¯rement du pixel, confront®e aux 

images de compositions color®e ¨ des diff®rentes 

p®riodes traduites par le changement de la 

radiom®trie du pixel entre deux dates, permet d'avoir 

une meilleure interpr®tation de paysage dans la 

r®gion. 

Les objectifs de cette ®tude sont de montrer 

lôutilit® de : (1) lôimagerie radar RSO (SAR) pour 

lôanalyse des changements du paysage entre 

diff®rentes dates dôacquisitions dans la r®gion 

subcarpatique de Buzau ; (2) la technique 

dôinterf®rom®trie InSAR pour la r®alisation du 

MNA de Buzau ; (3) lôassociation dôimages 

diachroniques avec un MNA pour une meilleure 
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interpr®tation des changements de paysage dans la 

r®gion de Buzau (Roumanie). Le but principal de 

notre travail consiste ¨ confronter ces informations 

pour bien interpr®ter les changements entre 

plusieurs dates d'acquisition des images radar dans 

la r®gion de Buzau (Roumanie). Pour atteindre cet 

objectif, nous allons r®aliser un MNA de 20 m de 

r®solution et des images de composition color®e de 

20 m de r®solution des diff®rentes dates entre 1995 ¨ 

1999 pour les images ERS et 2004 ¨ 2005 pour les 

images ENVISAT. 

 

II.  La zone dô®tude et donn®es utilis®es  
 

II. 1.  Localisation et caract®ristiques de la zone 

dô®tude 
 

La zone dô®tude se trouve dans les Carpates 

Orientales ext®rieures, pr®cis®ment dans la 

Courbure Subcarpatique (Figure 1). Cette situation 

est le si¯ge de fr®quents ph®nom¯nes comme les 

coul®es de boue, les inondations, les s®ismes et les 

glissements de terrain. La vall®e de Buzau 

(exactement dans lôaxe anticlinal o½ se localise la 

combe) est aussi connue par la pr®sence des volcans 

de boue qui sont dus ¨ la remont®e des gaz en 

provenance des couches p®trolif¯res dôune 

profondeur allant de 200 ¨ 300 m. Cette zone 

dô®tude se d®limite par les coordonn®es 

g®ographiques suivantes : latitude du sud au nord : 

44,813Á/45,926Á ; longitude de lôouest ¨ lôest : 

26,089Á/27,614Á. Cette zone dô®tude se caract®rise 

aussi par : (1) une zone plate, qui est repr®sent®e par 

les plaines de Buzau situ®e ¨ lôest ; altitudes 

moyennes entre 30 ¨ 80 m ; (2) une partie haute 

repr®sent®e par les Subcarpates et les Carpates ¨ 

lôouest, et qui se caract®rise par : (i) une partie 

interm®diaire avec des altitudes allant de 300 ¨ 400 m ; 

(ii) une partie haute avec des altitudes sup®rieures ¨ 

1000 m.  

Les trois zones de reliefs du terrain de la zone 

dô®tude peuvent avoir diff®rentes r®ponses du signal 

radar r®trodiffus® vers le capteur : (1) un terrain plat 

correspond aux plaines de Buzau ¨ lôest ; (2) une 

zone interm®diaire pentes orient®es verts la vis®e du 

radar ; (3) une zone tr¯s accident®e entre les 

subcarpatiques et les Carpates ¨ lôouest. 

 

II. 2. Le choix de la zone dô®tude 
 

Le choix de la zone dô®tude est justifi® par la 

fr®quence ®lev®e des risques naturels ainsi que par 

les d®formations qui peuvent °tre produites par ces 

diff®rents ph®nom¯nes. Cette zone est riche de 

plusieurs types de d®formations : d®formations li®es 

aux glissements de terrain acc®l®r®s par les 

inondations et les tremblements de terre ;  

d®formations li®es aux coul®es de boue ; 

d®formations li®es aux s®ismes ; d®formations li®es 

aux petites activit®s bouillonnantes dues aux gaz des 

volcans de boues ; d®formations li®es ¨ la 

subsidence urbaine suite au pompage dôeau et ¨  

lôexploitation p®troli¯re ; d®formations li®es ¨ la 

subsidence de la plaine Calmatui-Buzau o½ la 

profondeur de la nappe phr®atique est de 1 ¨ 2 m. 

Montre la géomorphologie de la Roumanie et les 
Carpates et Subcarpates
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Fig. 1 : La zone dô®tude (Localisation et caract®ristiques de la zone dô®tude) 


