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Eric FOUACHE

R®s@ma g®oar ch®dleoging i ¢ st i d®Mieh | ement dans | es ann®es
par Claudio Vita Finzi (1969) et l 6Uni versit® de Cambr
gue | es fluctuations climaht gpes cemstbdbaogeirpn” " dé o6®6heh
combinai sons 0% il est souvent di fficile doéattribuer
d®cl enchant de changements environngave nd @asu xmo rCelso gleerr ng e
qguobi l sbagisse de crises ®rosives ou de m®t amorphoses
sur |l es paysages. Plus | argement | es arch®®adevgdudast ont
gue | es s®di ments qui fossilisent l es sites arch®ol ogi
constituenteneumm® mes un objet do6®tude, dbébo%¥% on peut extraire
reconstituer | 6hi stoire de I 6environnement dans son i
coll aboration interdisciplinaire entre des sp®cialiste
des sciences naturellest de | aboratoire g®ographes, g®omor phol ogue
mi cromor phol ogues, botani stes, pal ynol ogues, mal acol og
Motsclefs G®oarch®ol ogi é plliHimlacgd t ®e I nterdisc
Introducti on | 6arch®ol ogi e, " di ff ®ren
perspective intr& i t e cC omme r ®gi on
Léapplication N | 6 ar c hs®oulvoegnite | de g ® ome®rt chio@elso g é &
techniques ut s®es emncaG®@dloggiee déit ntedventi igo mse

il
pratiqgue de pr ®hi st or ideonmsa,i nd edeg ®@ml g@®a meh b bt @ ¢

guaternaristes | ongtempde celnat r ®dologli @&, redenslta t
des cadres chronostratighague et climatique du g®ochr onol ogi e, de | a mi
Quaternaire (Bergeat al. 2000). Cette approche estpal ynol ogi e, de Il a mal acol
toujours tr s product i commec unentiste de rtechhig@esode gab@atoires s i
nous restons dans un céalvaeerfsanl-%d%2, | Rappr aevtau Hi
coll gues comme Pasetale g®oarrAgh®odef r(aPna-satirsee s 6i ns ¢
2003), Fedoroff et Courty (20D5 ce courant, mai s une part.i
Dans |l es ann®es 70, seas rli @ihmpwles iparm vn etnd mndeun tf a

de | 6universit® de Camlppdoehes deRog€Chahdigoeyi tea
Finzi (1969), mais aussi de New Geographypuis gardent une place centrale.

de laNew archaeology cet te prati quleesog®bmoupbpt egiuers sf rtalnt-
| a relgtion homme/milieg , a territoire  conscience, notamment chez les chercheurs travaillant
antr opéd ,s®"6agr ch®ol ogéeetdddmpsaylseagbassin m®diterrane
| 6 ®t ude déune p®ri ode clpiemat ®gudb ®eet j UDpwd i dni d
| 6Hol oc ne. Cette praticpmnmestindaweel leesndast pu®st ®d®@!
| 6appaedprrocche g®&ar pH@dé&dygiquoerne ment aux etdes de
cg®oar che®olEongieef f et , de cambi mneai ponat ddentvuleg rtil e
i niet sppaagg ddune nouvel defflisciplinattmabseseddinég 6
nouvelle perspective i nMNebkoitd983 doupchd 1999). rLeurs recherthesy a |

| es sciences humai nes iempul se®eg ®@xnciEarcteise Cait t e
derni re f®d r e |l es me&@bhocdasr &ets | ssr oultd@tsudee
pl usieurs disciplines @rngnakes r wishichs de ¢ hi®mas i gqw®e DS
recherches eafronnementales dans le champ delluvionnement importants (Ballais, Bousquet,

Revista de geomorfologie vol. 12, 2010, pp.84
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Duf aur e, Jorda, Neboit ,phB®&dhawxs, dRr owdnsal quVodiH)
m®t amor phoses fluvial edse | (6Barmpv eerud, deAr ncahuadn g e me n
Fassetta), dynami ques psap/®&caigfei qdueepsui aux a np @riieauke
littoraux  (Dalongeville, Paskoff, Pirrazoli, (| € pl us seolulveende “HdIlbéd®c hn e
Provansal, Sanlaville, Morhange, Goiran, Vella), ouQuaternaire), sous la double action des dynamiques

aux zones arides (Coque, Gentelle, GeyeB hvi ronnement al es et de I
lesquelles avaient pu avoir des impacts majeurs sqrue st i ons concerneront une
les paysages. vaste selon | a nature du p

€ leur tour, l es arch®ot agmest omtudo®d a llsddrmegnots sped 6 ¢
conscience de |l a mobil pt ®s plest ipoany sra®giso n(aB ver. n oDuafn,
Cl avel L®v-°qu Chouquseerr,a Fagaryg® cloenmeaw)n. pali
d g®omor pmeal cague so/ch®@o grr ®agprheesss | dvaen sr e

e,
L6insertion es
| es ®qui pes de rechercédmonguwmnt | s tdgmmani gues tr
environnementales du popsesu@emderfta ePtv® s b@es amdrd isd
(Fouache 2003) . Déaborfdr mat i foamist sgqper fgici d¢-lelse s,
s®di ments qluegs fwoistséd i aeblke®abmgifduwevs aux, de cana
constituent en eumn®° mes un obj et dd®di®t agey, | Wagoesa,l ®dd6anci enn
I 6on peut extraire u n lemitesi de finmgenoe tiraces e cadastration @l des t e
pouvant permettre de vesongeist uar c hl®ohl iosgti agiurees . d e

| denvironnement, | 6enr eqitsitorneamd nt®,dedecesobk®dé mea t
ne peut se compr denchdre ®s apvé$| e nmdttirel es, et doo|
spatial de leur mise en place | ocal , so@geobhalpr ®f ®r abl e dbor gan
global, |l equel est s oauw Voeah mais alisBil da bien €akner ldsadpnamiquiese s

approches tr s fines das sspu®cfiaaclei sawasntdedd aber dta
Le g®ogr aphpmyeréeh abvespagedt 6deg sous, l equel peut repr®
aveclec hangementapdad®@cdpmitel Eor mati ons superficielles.

un ®cl airage " I a r @solswtvioonm fdeei r e eg®agmaphi q

interrogations. Une telle approche impliguesavoir faire renvbbDespaaweae
®vi demment une col |l aboempssip®e i fiingueer dd s cg ®d d map hr e
efficace de t ous | e s carthgemphigiee ur s de | 6®qui pe
sp®ci alistes d e s(histariens,e n c e s humai nes

anthropol oguess) , agtch®pBgopLishefe arch®o|ogique
des sciences naturelles et de laboratoirg @ o mo r phol 0ogiqu

(g®ol ogues, guaternaristes, ®d|mentologues,

mi cromor phol ogues, g®oc¢hr eyl g upeass, dleo tbaominset e®st,u O
pal ynol ogues, arcoh®@zeclue®isesi ,t nmpaolsa?®e une questio
Léirruption de ces t e celatiom fps1 dysamicqries pehvirapnementates et lel a
g®o ch®ol ogi e soit S o0 wwearte x te®f antck ®o Hte miestiane . S

¢l 6application des m®t hwodve ssondatigine adane raalectuie rde lai carseu e s
|l a g®ol ogie et de | & pr@®heest oigi gué 1l @aqircrha®od ,o0 gli

(Rapp and Hill 1998). Maeiss rc@ftlteex ido&fsi ngti ond @&coouusl
toujours paru trop ®tr opirtoes,p eecntfieornma ndte cseutrtfea cdei.s cN
dansm cat al ogue dooutil scobs@®@qd®hcest idémnplcwesstlaamg:
est possi bl &®t wdoemmel esc g@y mamphuokegi ques (Fig. 1
environnemental es e n r @lhviarmemem, jeuale/failles, variatiobns ielatioes dee e
| 6 ar c he@rouachg 20@3), mais trop vaste ellep| ans doéeau ( mer , l ac ou |
nébest pas op®rationnel leexplO gsuelrorguenoluas EROP @S caMS
d®f omi tsiui Mampl € cact i on ddeesv e mi®t h o c ey compl ®t ®e au
i ssues de | a g®ographic®cotuersdesng ®psetl eneesgpas i
reconstitution, dans urcempér specddwre Bechi®obioge g
des prwito@mements et des dynamiqued dent i fi er ces dynami ques
paysaé&g. res indispensable.

Tout e ®t ude g®oar c h®odooegsitq ulea rsadii, sud t® pregmaeee | a q u
n®cessaiaemantur @ Hdu sidrcha®oclho®oilgougel qei®@ncer ne une
®t udi ®, ) s a | ocal i s aune prospdton asurXxune @i rplus va8ie, iilSebti q u e




Lébapproche G®oarch®ol ogi que i

pr ®f ®r ab
une anal

|l e de d®buter Il ®a®nmnu®gr g®obanctd®s| bgsegsede®:
yse g®omorphol @dgi gaquec h®®d iogmn @lue s, t cej oquris

mise en perspective par rapport au contexteartes t h®mati ques sp®ci fi
g®odynami que. L a r@al ilsaat r®al i d@aamemr aa®othear pho

g®omor ph
identi fi
do®rosi o
g®omor ph
esti mer

per mettr

ol ogi que bj&fifo nd®gi oncpu &t rceon®t i tue donc |
er | es sect eur sapdpdraoccchuemud @a a rocnh ®otl ol gei sq usee ¢
n, d®l i miter | Eelsl es epcetueturrsat ur alylneanmd mtu e 8§ t
ol ogi ques par besoli nsr @dmaemte c arcttogreasphi e
| es ®pai sseur s dlees f arensastoiuorncse ss u pnanrhf®ir @it elsl,
e de discutdes flaaci F ®manti tt or mepm@asaldke f

donn®es de | a carte arth®claogieq uwe®.o m&Crep h @ owmad rqtues
g®omorphol ogi que per meverrta®brdeel e gdiée dee qlues nous
prospections, de carhoéa@Pproeehe ¢ ®o0arccohn@oelxotgei qu ¢
g®omorphol ogi que dbéun 4phases. arch®ol ogi que et de
|l ocaliser des mi |l i eux favorabl es au pi ®geage
doarchives s®di mentairesSes quatre phases de | oappr
ENVIRONNEMENT ET PAYSAGE - La phase lest consacr ®e - u
) ) exploratoire ayant pour
Approche géoarchéologique cartograp hie g®omor p hol 09
secteurs de fossilisation
E£TUDE DE SURFACE de | 6Hol oc ne et dékFnvent
 agriennes, IMages satelliteg formes visibles en surface.eQ t e ®t ape
oare®™ OSPecy i
e N g essentielle, car el |l e p
o _ Fouille o ®val uation de la validit®
archéologique o) r

Sondage

et ddoesti mer | 6ampl eu
?7{ mor phol ogi ques, tandi s q
Paleocl?t;:)i?ar: ? 4 m me. temps |l es pll ges
—th

susceptibles de constituet e s arch- ves
o 4 fluvial environnementales. La prospection

actuel

Yw ¥ g®omorphol ogi que peut bi e
("‘g > ‘ t h®mati guement en foncti ol
. t ¢~ Tourbe mais elle doit garder un
-2 1 aboutir " d®l i miter en
-3 j b arch®ol oguers dw tde meintsoi r ¢
-4 ' en compte pour la suite
-5 Faille ’\ "= "EZ pakéo condon moment o% | don dispose de
Bl — est possible en fonction de la nature des formes
00%7 chenal o fossil es identi fi ®es, de
& Sgolog,que ogiaues donn®es coll ect,@elBnatslaur | a
Up, s, Coupes archéo! L\E . . . .
DES FormaTIONS SUPERFICE tectonique, de croiser cette information avec celle
fournie par | 6arch®ol ogi ¢
Fig.LSch®may dethé skedapproche g®o&rCc®®alrogd ue de dynami ques
quodil faut nourrir de doni
R®aliser |l a carte g®omorphol ogique n®cessite une
ma  trise de | a topogr aphlagphase®2e ohai staet o grcaomhsite ue-
r gle g®n®r al de | a gessdieomti fdeubages der "Mdeotntne
spatiali s®es (Ghillaguale ) .plQuse st adiad ernmae nsto np powirbl e,
cette carte g®omorphol ogiagle@®ovdoionnemeeat ahe®gri®edi”
Syst me doélnformati on G®&oaglriadpahtiigoune d(eSl )y,p olt diq seels
pourra en outre int®greunaen @hodel edunundRes sqgautes ,d e ¢
terrain ( MNT) , des donn @enatiossR Supkrficialles slluvialess apartpia e s
de phot ographies a®rienagsocetPedes dompbsiil bas
cd or ®es do6i mages sat el | iobligaoireménh LesStecGniqles somt multiples ettt d

°tre con-u dobéembl ®e ~ wmoent ®clkeell Ibappgudcitperimeditree
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00 |

prospections g®ophysilgaue€pnt &€xt led ogb®oemovrapthioolno gi g
directe sous la forme de sondages, dettages, du site de Konar Sandal Sud (Iran)

de pr ®l vement s de- surface ou mi cr o

mor phol ogi ques, tous h@®cessei dem&Kmhar ®8and®bB Su

des emplacements soigneusement choisis. de | 6Hal i l Rud, dans |l e b
ddune r®gion qui a ®t ® un

- La phase 3est celle du travail de laboratoire ety | nangi dvdn|t®JC (Benoit 2003, Pittman

des sp®cial-esvieso rdreesm%l%gé{éb&l Lamberg Karlovsky 2003). La

est souvent judicieuxd 6 avoi r as 8|¢f| aI e site ar

pr ® vement des donn(%e‘@sg..m n g{%h seonntbri u

toujours l ongues et co/rdaeors sI g é' d Oxuj%ll’”v%ea

pr ®f ®r abl e de ne reprelﬂl.dcr)l?réjger}ra asl Ie %E\tmerrl_%

gubdapr s avoir i nt ®gr erKI Y L% 9&%%8 allp 'etn |

rsul tent. Cbobest cett(glefalto.é‘laﬁancaen d@ t[delatlr.eas\t/ail‘

terrdn et travail de laboratoire qui permet de? |a\élnga'?|’ anugselﬁli [:Efmsl r_fz

mener de fronts lusieurs ro rammesﬂI
g®oarch®ol Opg i que Sp g Madjidzadeh, responsable du programme

arch®ol ogique, trs®uhlaG@pdits
- Enphase4,i | faut parvenirpotenei elecdastcocacihes arch
spatiale et chronologigue des acquis deont exte doéi mplantation du
progr amme pal ®og®ogr ap Isi e pl ate IpalmM®t hodol ogi
environnement® laugumi na mu@buve ntr e
deux et trois ans auparavant et en extraire I @t h o d o | ogi e

maxi mum doéinformation utile aux probl ®mati ques
arch®ol ogiques. I nt®gmnet cgg F@B&F@&ﬁe dgan,e q“u”est
Syst me d()lnformatlonn cggraavpohnsquceo metal&rmtﬂerbbscri
S Yar moyen dbébassurer Irﬁbopt(@@gnn't%@? e d&UT | s @
enregiste ment et de per met de ’ n |
spati al es des di ff ®r e;#i;stsoreegc,?l O'ntzl tgsu@téoﬁ%or ihloéluoégé
g®ographiques obtenuesczrtop hi 9 b h h Iq .
graphie g®omorphol ogi

| ne sbéagit naturel|ldneht apaBs d&f mpodbs & c0ommeu

I
progr amme arch®ol ogi qu kandsate TM c(B812%aB/198& ret 2000). La e
protocol e. I 1 est tonet carfagtaplisei bt @e site daRbU ye
®tudg g®oarch®ol ogi queg®dl o gic4qWaeOnda SBabzbwaran (1972 &t

pr® vement s desti n®es de " Mohdransad abad | §1894)s lesyp achr®®
environnementales, mais il ne faut le faire que Sopographiquesau:l 25000 de | a vall
l 6on est s%r que | es doud e @esnonibrelisr progpedtichs de at@irdind i S
bal ai ent bi en | 6ensembipens d8r @SSOt REOA Bmednite “n OoJUBo
venons deu ridg@d sinon de, faire desgyaternaires.

erreurs majeures dointermpgd P4 aghogeggngoqtéqnﬁbtsl " no

i mpasses m®thodo|og|quepshot0 r spthlggssm@fjd@nm@lllgt
g®ographiques 0% | es dy,agt'mbgue 1ggé@gmorepnho v %iiOoune s
ont un faible impact queacnotnstil( Ibé I'Statbl8|nodne'
formations superficiels. Dans ces contexteS .o i | uent s entr e Jiroft e

particuliers, comme les regs sahariens ou les dasrjt S murian.

i rani ens, il nbéest pas "B cessalremefd besoin_ dau
n ] anvi 057, nous a v

®t ude du dessous. | at h
Jébai choisi doi Iustregxeg?F bBBrcgchoeD r%@?'hqoudeola%é
partir de deu exempP?d3d g Usde + (5535 )i &Y % mB® i

I
. .
d®ved®n.ppLdo®t ude du cont%@‘%%hygs@'o%ber I?cf‘ltogj@tq u
d6i mpl antation du site 9d% M&ddre ”E’s‘ja"hsdsafL SEPHeaarP'sel
ph¢

vall ®e de I d6halil Rud Yypemhi ceitel|l£sc SUtfogdlap®e el
®paisseurs des s®di mentkonagSgndal aud: Mal i g (Al banie),
relation avec les variations du niveau du lac depuis | @ m®t hode ®l ectri qgue (di s
| e ihiguel -l a sismigqgue r®fracti)on (di
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R®sul t at s grande crue qui a submerg®
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Ramdane MARMI *, Abdelkader ABDELLAOUI

Abstract. Studyareais locatedwithinthec onver gence part bet ween Aur the Mas si
landscape point of view, two distinct zones are observed: (i) the first, in tHe soatering a large massif, (i) the

second, in norttwest, present globally a zone with low altitudes.

The main objectiveof this article consists to apply the phétnt er pr et at i on, to fiLes Tamar
tectonic structures which wibe in relation with seismic activitjylVe havebasedour work on thelineamentand the
hydrographical network mapping frosatellite imageThe analysis of lineament and hydrographical network map
established from satellite image put in evidence a magmsverse lineament N\SE which characterizes an active

fault. The cinematic lineament corresponds to dextral slikefault. This lineament trended N\BE affects also the

recent and actual deposits. The tectonic deformation is expressed by a sttungtioa, 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 regon has registered, in latest years, some telluric pulses however with low magnitudes rafettictpnic

instability. The trritorial responsmust take irto account this natural risk for next management projects.

Key words: Morphostructural analysislydrographical network, satellite image, Algeria, ETM+

1. Introduction 2. Cadre geographique
La r®gion do ®les HBamaringl, a SéeEoHa'hshn'one c

localise aux confins des Monts HodAau r s

relief comporte deux zones distincte§) une zone Le ter rain do®tude se situ
sud relativement montagneusels s e di 9 toiAnSgathesrti en do AHIgl®er i es t( fliig
| 6anticlinal du Dj ebel pMet llielsi peoti nlt& sdyencéNp B or
Kantar a, orient ®s subetva&mi226ne®. dYTEpckton 38RBdiasSPg8
(i) une zone nord repr@BEdd Pe PRredEdcd epilésd Nisa M
accident ®s compos®s eSST%rﬂa'fnrisee'd(ﬁdT‘rendvdher d@rpét\;s, Sp,ld

quaternalresuraﬂwlargepsym:lhalbfearpde et facili I
Seggana, de m° me orlentﬁs,ld@@,gqlé%hllQ]suepre®c®doeenntssenpbl
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d®p*ts du Secondaire eth Ahalyseldereliefi ai re avec des fac
carbonat ®s, mar neux et congl om®r ati ques sur
lesquels reposent, en couverture dideote, les La zone do6é®tude s epescdear act @
s ®d i me n tPdo-Quiaternilie.o relief (i) une zone montagne.:
La d®f ormation se maniMeesi éi |l elopk ud es osuovnentett pcaurl

une fracturation intense, pluridirectionnelle, (fig. 2) et (i) une plaine, occupant la partie nord
caract®risant une tect oricqwWeaenp al ¥ pdlEEm@ e T edudrptl lelge
de diff®rentes struct urg|st iothsed v ®ees da@ﬁajsegjdretmegm

Afin de rechercher des indices de cette tectonique Dansé coin NE de | a feuil!]l
actuelle, nou s avons fond® RrBehlegM®itdesusWrantVv vense dir
traitement et la photo nt er pr ®t at i ong Edsétu Nnjee isMafhet de Dj . Ras
satellitale Landsat ETM+. Le canal 8,1 300m. Léamorti ssement des

panchromatique de r®50|plito|g<?fés%5metﬁ|@hlt5 anbhPbany ahe
plus adapt® mowr | 6o0obj egLtttidildirstdud ®ad988m au Kef A}
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Figgl: Localisation de |
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Changes in the Landscapes of the  Carpathians
and Subcarpatians in Upper Pleistoc ene and Quaternary

Mihai IELENICZ, Mioara CLIUS

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 secdteetonic 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 definitivelgdexondat
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 ghts 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 oscillatiobstween 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 gebological 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 2. Research methodsThe analysis of these distinct
includesi in a relatively concentri successioi  units has been realised through repeated
mountains (the Curvature Carpathians), hills (th@bservations, measurements and classifications
Curvature Subcarpathians), subsident, glacis fieldgathered during over three decades. On their basis,
and piedmont cones which enrol themselves in the morphologic and landscape characteristics of the
structure displayed as a huge natural amphitheatreorphologic levels have been pointed out, defining
oriented towards SoutBast. The region si elements (of a paleogeographic, climatic, orographic
characterized by a great structural complexity whiclmature) which have been specified for landscapes
adds influences coming from the surrounding unitshat succeded in time and space. Furthermore,
that are directly reflected by the landscape. Thdifferent types of relations and influences, especially
evolution of natural landscape in Quaternarypf a tectonic nature, have been established with the
especially of the one morphologically generatedneighbouring units or with those in the East or
refleds elements and characteristics that composgouthof the country. Other methods have also been
the above mentioned orographic system (Fig. 1). used, leading through analyses and interpretations

i to the knowledge of the morphogenetic systems
and to specifications regarding the intensity and the
denudation rythm of the land and of the
sedimentation @gions in the limitrophe basins (M.
lelenicz, 1984). The modelling of relief forms in the
Upper PliocerQuaternary 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

Fig. 17 The area of study and the major relief units in

Romania
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mountains and hills. Another argument which couldyeological structures and also with the areas with an
be added is the alternance of fossil soils and loessiimtense slope morphodynamic. The linkage of these
the openings of Quaternary deposits at the top pagtements offer the keyn order to establish the

of the glacis fields (Fig).
Alignments with amaccentuated seismicity both relief and

general and regional evolution of the modelling for

landscape all over the Romanian

in the Subcarpathians and in the plain have bedbarpatheDanubian system. (Gr. Posea & al., 1974;
analysed through connections with the type of majo¥. lelenicz, 1984).

3.

Actual soil

Fossil soil

[ Loess

[ Terrace deposit

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

The geographic units of the morphologic
system of the Curvature Carpathians

The structure of Curvature Carpathianshas
been developped step by step from the West to
the East following the tectonic movements in
Paleogendvliocene and got the actudtiaudes

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
Buztu Vall ey and witp al
multiple alternances in grit stones, marl,
argillous schists layers in faulted folds East
from this valley). Curvature Carpathians
compose an orographic system with 10@%4

m heigh units, separated by valley corridors and
depressions in which the c®nic had an
important genetic role (in the Northern part-
there is the
evolved in Upper Pliocer@uaternary)(Fig. 3).
The Curvature Subcarpathiandevelopped in
the carpathic avanfossa in PlioceQaaternary
being ®mposed of molasse formations most of
them included in faulted folds with different

extensions. At the exterior, towards the plain,
bet ween Trotuk and SI
Pliocene - Inferior Quatenary layers are
included in a monocline structure withery
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 importanote for
their individualisation. The deepening of the
rivers that cross them and the different evolution

edl glapese takirfg lalgcs intd account the litho

structural variety and the climatic succession in
Quaternary, have accentuated the physionomy
and diverdfied the morphometric characteristics
of this unit. The Curvature Subcarpathians
superpose over the biggest part of the most
important seismic area in Romania.

In its NorthEast sectothe Romanian Plain,is

- BaigraberowhichD e pa raosphologiaal unit dating fronthe 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 Pleistoeehave also another they have cremt a level of
triggered the bottom of the plain located at the accumulation with a glacis character. At its
contact with the hills. In that place the rivers  exterior it remained the actual subsidency field,
which were coming from the mountains and an area where an immense layer of rocks, sand
from the Subcarpathians have generated and clay has been accumulated. A specific relief
gobbled alluvial cones. By overlapping one  was developped on it during Holocene

NV , SE
The Curvature of Carpathians 4{-The Curvature Subcarpathians J.The Romanian Plaine~
M i : :
1954 Ciucas Mt. )
1800 lagura

Odobesti !

tain depression

Hill

-- Buzaului Valley

Brasov Depression
Among hills depression

Glacisal and piedmountain

1500 5 . §
g Fg il | 3

1200 Fg | F, &1 § | e
900 5, ; F ¥

6001—
300

0
S T \l
-300 I | Pliocene- /I (Pq3) fas
P I M-Q i P-Q  eistocene P
-600 Cretaceous flysch g-Q molasee Upper Pliocene and_PIels(ocene
Paleogene and Miocene deposits in Odobesti tectonic depression
900 Quaternary flysch | Paleogene flysch molasee

l Subsidence (P-Q Upper Pliocene-Quaternary; P-Q Pliocene-Lower Pleistocene;
Pq3 Pliocene-upper Pleistocene; P-H Pliocene-Holocene)

] Active surveys (Pg-Q Paleogene- Quaternary; MQ Miocene-Quaternary; PQ Pliocene-Quaternary;
Pq3 Pliocene-upper Pleistocene; Q3 upper Pleistocene)

Faciess
Conglomerate Marls and sandstones E Clays and sandstones dominant

Psephite week strength |:] Psammo-pelite

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

4. The reflection of the neotectonic movements Superior Pleistocene. Among these, the most

from PlioceneQuaternary in the type and significant are:

the configuration of the relief forms. 1 The general display of the relief that falls

from N-NV to S-SE;

The general results of the tectonic manifestations q The gradual achievement of the actual
from PlioceneQuaternay in the SoutkEast of altitudes with mee significant risings on the
Romania are a consequence of the collision dailignments of the sheet units from the mountains
microplates in the region under the general impulsand in the subcarpathic monocline (at its exterior).
of the global tectonic. They materialized in theThe amplitude of the movement has been from
following directions: the rising of the carpathic several hundred meters to over 800 meters. Smaller
mass with regional variable intetigis; the risings have been occured tire structural contacts
involvement in the rising also of the neighbouringbetween layers or on the faulted sinclinals along the
units of the Carpathians which became hills angrofound folds, where structural depressions, as
fields; foldings accompanied by exondations andhose at the contact of the Subcarpathians with the
risings with different regional amplitudes; active Curvature Carpathians, resulted.
subsidency at the exterior of the Curvature 9§ The movements in Pliocene imposed in the
Subarpathians accopmanied by rich accumulationsCurvature Carpathians an alignment of maximum
of materials, but also by the formation of a fieldaltitudes, that are not in concordance with the
during Holocene on the place of a lacustrian basin. position of the watershed situated North from it. It

Regional and local morphostructural disagrees the transversal display of the main valleys
consequences are especially dependent on twehich present antecedent sectors on this alignment.
important phases of temtic movements: one at the Furthemore, the erosion surfaces created in
end of Inferior Pleistocene and the other in thd’aleogendliocene (three in the Cretaceous flysch
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unit and two in the Paleogene flysch unit) have beeb. The climate evolution in Upper Pliocene
altimetrically deformed suffering a double fall Quaternary and its reflection in the succession
(towards the North and the South) compared to this of morphogenetic andandscape systems.

axe of the maixum risings. In the Subcarpathians _

the movements from Lower Pleistoceidelocene The analysis of flora and fauna elements made by

determined the accentuated rising of the anticlingeologists, indicate for the entire area of our country
structures and of the monocline and imposed int#€ beginning of a graduated cooling process of the
the landscape certain antecedent narrow sectors (8Rbtropical climate (the temperatures dropped down
Putna, Mil8arxtuR®@mhi ey d)0; -LBAC wal |Netgeic ardttee begihning
an eight terrace system, altitudinal deformations an@f Pleistocene according to T. Gridan and N.
even doubling. In BrakbivCcl®epriuessi2@@6and Tder eher
exterior of Subcarpathians, where the subsideriegistered from a tipical subtropical modelling (with
regime dominated, the accumulative fields impose@n accent opedimentation)n SarmatiarRomanian
and also three generations ddluvial cones to a type specific for temperateirohte in Lower
developped at the contact with the units that werBleistocene (Tab1l). This changing is reflected in:
rising. Along the valleys in the Carpathians and the 1 The types of erosion levels that resulted: Mio
Subcarpathians, the gradual and fast deepening Bfiocene erosion levels of pediment type and
rivers imposed by Pleistocene movements, made Superior Quaternary terraces in the valley corridors.
passage from a wide superior transvienseofile 1 The modifications in the configuration of
(reflected in the configuration of the levels fromval | eys6 transversal profi
Upper Pliocene) to a narrow one (with erosiorpre-quternary opening to a graduate narrowing).
shoulders, terraces with variable extensions on the q The type and the volume of material brought
hills, fettered meanders, rapids of several meters iy the rivers from the Carpathains and hills in the
the riverso6 beds conmactsot asgdimentafioh Badins $epldcéddby the prebent fields.
Putna, Ztbala, Buztu, Thédevralhundfed métetsywidé psardphiti® I € s e
intensly affected by slidings and torrentiality. deposits dominate the area. The presence of abundant

I The longitudinal profile of the river beds is RomaniarVillafranchian blocks indicate not only
imposed to the second generation of valleys bfavourable climatic conditions for ample seasonal
accentuated slopes and by suspended valleys. &ansports but also certain important tectonic risings
corfluences, rapids were formed because th@ the units nearby the sedimentation basins. All these
collectors could not deepen in the rythm of thdave created heights and slopes with great level
graduate rising from Upper Pleistocerelocene. differences, favorable for an intense erosion (&ig.
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Fig. 4. The morphotectonic map
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Paleogeographically, at the beginning of hills. The two great units were situated in thegritic
Pleistocene two idtinct regions existed: a land periglacial level being covered with tundra
formed out of mountains and hills and lacustriarvegetation.
basins (Brakov Depr essi oilheaappegarance endRhe msingiofth pkRla&is )
where important material accumulations occuredcatena at the exterior of the Curvature
The uprising land generated transformingSubcarpathians geneedtto the East and the South
subtropical landscapes, different approximately of this unit during Pleistocene and the transition to
1000 m altitude. Morphologically the land wasHolocene a field band through the partial
primarily formed of low mountains with a leveling exondation of the Quaternary lacustrian border. In
surface of pediment type (that began to béhis case and also in other low regions in the East
neotectonically deformed) dominated by peaks andnd the South of the counttpe milder climate
tufts with a structural character and also of a sgste permited the developement of thaest tundrain
of wide valleys consisting in two types: transversathese conditions the relief evolved inpariglacial
valleys (in concordance with the initial orographicmorphodinamic regime on different levels. In the
inclination) and another type relatively addapted t@noun_tains and in the hills detritus masses resulted
the alignments of structural contacts (between theovering the slopes. They alsecumulated in the
layers or on the main faults). rivers bed (eAspeC|aIIy in the depressions and at

To their exteior, the greatest part of F i verso6 contact with the p
Subcarpathians formed a discontinuous hill systedfsulted at the border of hills and fields. At the level
(under 400 m altitude) which ended up towards th&@f Peaks and steeps the crionivation manifested in a
Getic Lake by narrow field facies. The carpathiclifferent way (accordingp the size of the slope and
rivers have prolonged their courses in the hilly regio@he type of rocks) imposing specific residual relief
where they have creatéftt first wide valleys orms (ridges, columns, erosion witnesses, steep

In the Medium Pleistocenethe climate Walls), than along the valleys, where bridges of
continued to get colder becoming temperate withe™aces with heights from 10 to 80 m resulted.
various nuances imposed both by the relief increase During the|_ntergIaC|aI phaes,charact_ense(ﬂ)y
in altitude and by the temperature oscillations at a temperate climate (more or less humid) the forest

continental level (glacial phases altaing with the vegetation ocuppied the entire region. However it

. . resented differences as coniferous were found in
temperate interglacial ones). The analyses made . . . :

. . . e mountains and beech forests in the hills and in
paleobotanists for this period (E. Pop, 1960

. . : e plain. In the low plain unthe vegetation had a
indicate the presence of beech forests in the hills and .ot steppecharacter because of the accentuated
coniferous forests in the mountains (PIiocenedr

. . yness imposed by the general East continental
elements remained on low altitudes but thesre o, ation. This situation was indicated by the fossil

obviously retreating). The relief evolution imposed.soils with luvisoil or cernosiom chacter (in
the gradual deepening of rivers and the terracg; | ¢ o v , Putna, Bticoli regi
developpement as well as the draw back of thgis with the plain a glacis level resulted. This is
slopes by land slidings, dripping and streams. formed by the juxtaposit of the alluvial cones
In the Upper Pleistoceneprofound climate created both by the big rivers with origins in the
changes occutebeing reflected by characteristics ,ountains and also by the more recewmens with
of relief and landscape. The paleontologiCyrigins at the border of Subcarpathians. At the
palinologic ~and ~ geomorphologic data, theexterior of the glacis a subsidence field outstands in
succession of soils and loess strata in the profilgpe landscape, with numerous abandoned courses,
ranging at the exterior of the subcarpathic hills andwamp sectors, halomorphe and hydromorphe soils.
of the glaccs ROmhids, [hGHlebedolditions the evolution of relief in
indicate the alternance of the catacial climate mountains and in hills was determined by active
phases Riss and Wurm with the temperate ones. river bed (linear erosion) and slope (slidings and
During the glacial phases,at over 1800 m mud flows) processes of different intensities,
altitude, some mountains in the Carpathians hadepending on the altitude, inclination and the
glaciers (frequent traces appearing betweerDAb5 composition of the sedimentary formations. They
and 2400 m in the Meridional Carpathians). Theaffected boththe deposits on the slopes and the
neotectonic uprisals in the Upper Pleistocene havienportant volumes in the rock beneath. On the
affected the Curvature Carpathians andalleys, the gradual deepening of rivers continued,
Subcarpathians; units situated in the Eastern part bking also accompanied by the development of low
the Meridional Carpathians reaching altitudes oferraces under 30 m. A riciluvium occured in the
16001900 m n the mountains and 5@D0 m in the depression basins.
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Tab. 1.The morphogenetic corelations at the Curvature of Carpathians in Pleistocene

In Holocenethe temperate climate oscillated vegetal formations fromtsppe andorest steppén
between warmer and cooler and more humid or drighe plain and on the exterior border of the hills to
nuances, which finally led to a leveling of thebeech forests in all the space of the hills and of the
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mountains. In the Curvature Carpathians at abovwmountain forest level due to the antropic decrease of
1200 m until 1800 m coniferous forests existedthe superior limit of coniferous forests intended to
Above them, on some ridg and peaks, subalpine extend pastures, to the replacement of beech forests
formations existed. by coniferous plantations and the sectioning of the

In the last centurie@fter the cooling during the slopes for thelevelopment of forests roads.

little glacial period)two notable events occured. As a consequence of all the antropic activities
First of all an aridisation of the climate wasthere has been a shift from a natural normal system,

registered, accompanied by an extension of thehich existed two centuries ago,

steppe and théorest steppen the SoutkEast of associations and regional and local interpenetrations

to certain

Romania. In parallel a general tendency of altimetriof natural and antropic @nents reflected by a
increase of the limits of specific vegetation leveldiversity of modified landscapes. They are all
can be observed. S e ¢ 0 nidcluded i & conplex roiphodynamid system with n 6 s

agressivity are reflected by the environment. Thelistinct

vulnerability, areas,

hazards,

variety and theintensity of human activities geomorphological and hydrological risks (Fig. 5).

determined on the one hand the intensification of th€his last mentioned element has lately shown a
slope processes in the hills (especially slidings anseasonal character
gully erosion) which determined the highestrainfall periods, but also on other stimulative factors
recorded degree of degradation of lands in Romaniauch as the big frequency of earthquakes or the

On the other hand, ntiple changes appeared in theextension of forest clearings.
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A. Morpho-hydrological vulnerability and risk
(the earthquakes could be a releasing factor)

[ Frequent alling dawn favorized by the seismicky

] Landslides and mud flows favorized firstly by the earthquakes
and with higher activity after a seismic movement
After major earthquakes the dilluvia deposits acts like dams and
some naturals and ephemera lakes appear

E Changing in some natural phenomena's (mud eruptions,

“living fires")

Water-logging areas (subsidence areas)

FE="3 Avea vith cischarge variaton during the earthquakes

[CK ] "Openair sait massfs with cracks and faling dawn
National and local infrastructure affected by the

E’ processes connected with the earthquakes

T Avea affected by the earthquakes (material and human
damages)

Places where the earthquakes produced material and human
damages

B. Vulnerability and risk favorised by the physical processes
[F=_J overfowing and frequent inundations

\II Swampy areas produced by the uplifting of plezometric
level in the humid season and salty areas during the dry season

[T=""] Gulies, toments and landsides associated
C. Other elements

[T Natural and dam lakes

55 corges, efies

[ Relief units imit

Fig. 5. The actual morphodynamic and morphehydrological risk phenomena
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Rock Surface Freeze - Thaw and Therm al Stress Assessment
in two Extreme Mountain Massifs:
Bucegi aOEd2 NET 60d2 UQ

Alfred VESPREMEANU - STROE, Mirela VASILE

Abstract. This work addresses the thermal behavior of the rock surface in two mountain sites with different, rather
extreme climatic enditions. As thermal weathering is one of the highly potential driving factors in mountain
morphodynamics, the evaluation of the processes involved is utterly important.

Freezethaw cycles (FTC) typology and development and the thermal stress experiahaéoly 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 Jaklitude massifsaking into account the large number of the fretueav

cycles (86), the high proportion of effectivel®e and the intensity of the annual cycle?(®n frost depth) comparing to

low altitudeMt ¢ Mauntains, where the freetleaw interval is significantly shorter (43 cycles) and frost depth only
reaches 0-41 m during winter freezing.

In attempting to determine the degree of frost effectiveness, a theoretical threshold of the diurnal freezing index of 12
ACh was set, i ndi-siberian RIQ) istthe detst edfectivel season (fqp boeh locationsijeanpost

siberian FTC (mid-late spring in alpine area; late winterearly spring in lowaltitude massifs) records the highest
frequency and intensity of diurnal freetteaw cycles (the spring summarizes 60% inthe Buce and 80% i n t h
from the ovetyear effective FTC). The seasonal differences of freghaw distribution, derived from temperature

regime, are strengthen by a close correspondence to the precipitation regime especially in the alpine area, where th
mean daily precipitation are double during spring@& 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, iatiieg a high sensitivity to thermal stress of the kadfitude
outcrops during clear days. If the highl t i t ude Bucegi Mt s . show | ower values
thanrecordediMt ci n (21.2 AC), and half diurnal maxi ma values
temperature values. Sudden cooling triggered by cold winds, rainfalls or temporary cloud cover, typical in high
mountain areas, could become farable elenents in rock thermal stress generati@onsequently, 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, freezaw cycles, frost effectiveness, insolation, thermal stress

1. Introduction determine the actual effectiveness thresholds of
these thermal processes (Sass, 2005; Matsuoka,
Rock disintegration by physical weathering has 2001; Hall, 2007).
significant modeling action in  mountain Even though a freezthaw cycle is defined as the
environments where rock surface is directly exposéde mper at ur e oscill ation cr
to the eternal factors (Matsuoka, 2008). Althought is known that freezing nyanot actually occur at
chemical and biological weathering forms alsthis point in rock, but at lower temperatures (ranging
occur, in a widely accepted view the conducivéfom about-1 A C -4tAcC, cf . Goudi e,
processes are thermally induced, as their action 2804, 2007; Matsuoka, 2001) due to rock properties
related to frost and insolation cumulated effect8nd water migration potential within the rock body.
(Matsuoka and Saka, 1999; Hal | I|a astessig frostRsjgiebade,Oitlis important to
Goudie, 2004; Matsuoka and Murton, 2008). Modlifferentiate between diurnal low amplitude
of the recent studies are attempting not only t@celandic typg and annuali high intensity
establish connections between the thermal behavisiberian typg¢ freezethaw cycles and their
of rocks and their breakdown occurrenc®perating manner, as the icelandic affects only the
(Lewkowicz, 2001; Matsuoka, 2008), batso to uppermost few centimeters of rock ané siberian

Revista de geomorfologie vol. 12, 2010, pp. 334
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determines macrogelivation, reaching the kigipth theoretically approads this issues dating back to
joints and cracks within bedrock (Matsuoka, 2001). half-century ago (Stoenescu, 1951).

Thermal stress induced by insolation determines In the common geographical conception, the
rock thermal fatigue in arid regions, by fasfreezethaw processes are thought to be important in
heating/cooling of rock in the upper surfacehigh mountain environments while insolation
Repeated volumetric changes lead to granulaveathering is mainly related to massifs within mar
disintegration and rock spalling or, wherarid climates. In fact, in mithtitude mountains, the
propagating deeper by specific thermal digats two thermal processes are synergic, but with great
within stress fields andtombined with favorable €evolution differences imposed by altitude,
factors (eg microfractureS, propagating p|anes§,ea50na|ity, climate and topographic characteristics.
may lead to largerréc f ai | ur e ( H-alln this jconiext; thes .prgsent paper shows a
Heraset al, 2006). Important rock damage occurs, a&omparave analysis of rock surface freetew
well, along with thermal shocks (i.e. temperaturBrocesses and insolation induced thermal stress
variations of at | east Mmanifegtatipnal tyqsites in Bucgggpld glimate; o ¢ ¢ s s
maninduced manner (arson), stands at the basis YidMt ¢ T arid i Mountains. Our aims are. i) to
some early miningechniques (Goudie, 2004; Hall,'dentify the prevailing timentervals for - each

1999). The cracks and fractures resulting frorﬁrocess, i) to distinguish between the two types of

. reezethaw cycles and determine  their
thermal shock are frequently independent of th .
T Characteristics, and iii) to evaluate the thermal stress
existing jointing planes (Hall, 1999).

The evolution of freezéhaw cycles and the magnitude i_rthe two areas during the inso_lation and
: freezethaw intervals. Also, the seasonal signature of

propagation of the thermal stress exerted Byo ynormaiyinduced processes is inferrén order

insolation are controlle_d by three major varlable_% obtain the intesite differences.

rock properties (porosity, permeability and tensile

strength, albedo), the disposable moisture contestyork Procedure

and the thermal variations (in terms of frequency

and intensity) induced by atmospheric temperatud the two study sites rock temperature was

flfuctuations (Hall, 19 9rgcadedva every 2hideing oreqyean (June@bOfhe z

Heraset al 2006). Thus, a thorough understanding Une 2009) , wi th high accul

of thermal weathering and of its consequences {Rermistors placed at 15 mm depth inside the rock

landscape evolution is difficult to obtain withoutP0dy. The sensitive bottom of the sensors reached

inimately analyzing the generating processes. ~ the rock, while the lateral and upper parts were

The Romania mountain geomorphology lacks agisolated wih silicon rubber in order to avoid water

well-documented report on thermal weatherind.nf”trat'on and to decouple from air temperature

Most topicrelated information are included ininfluence (Fig.1). Both locations had a similar

monographic studies (e.@prea, 2005:Nedelea geometry of horizontal surfaces on massive rock
2006; Andra, 2008) and loften fé)llow u’p general blocks without adjacent obstacles; therefore, snow

accumulation asensorssites was improbable (due to
statements from reference geomorphy or

climatology works of Stoenescu (1951), Poseal. igﬁei\\’/végd dL?r(i:::gnt)heanir;O?erasfggIa\t:/cil?\oma:hgglcl))\:v
(1970, 1974), while the discussions are limited t ’

. Mfluences.
thermal weathering connected forms and Iandscape,A detailed analysis of the obtained data was

missing a specific process analysis. The existingh formed, to check eventual sensor dysfunctions
data mostly concern the number of frost d&s 54 to determine  required parameters. Each

freezethaw potential in high altitude settings, basegeasathaw cycle was individually considered,

on air temperature values (Urdea, 1992, 2000). Unfjjnjle for the maximum insolation interval each day's

now just two works approach the process mof@mperature values were statistically reported. In
precisely, describing freedbaw occurrence in addition, the meteorological data (daily values of
relation with the altitudinal and morphoclimatictemperature and precipitab n s ) from VOr f
floors in the Romanian Carpathians (Postaal GaleS,i Corugea and Tulcea stations registered

1974; Vespremeanr8troe et al, 2004). Less during study time as well as multiannual values were
attention was paid to the study of solar heatingonsidered, with the purpose to correlate the air
induced thermal stress influence in weathering i@mperatures and the precipitation regime with the
Romanian mountain areas, the only paper whiglock thermal processes in progress.




Rock Surface FreezZEhaw and Ther mal Stress Assessment in tonExtrem«

PhotolThe regional setting arRticopaa Ridge)r

50 T T T

A. Bucegi, 2500m
40

30

Diurnal F-TC

20

10 Annual F-TC

Temperature (C)

0

10l INSIT

|
-20 1 | 1 1 1 I ]
3Jun2008 1 Jul 1 Aug 1 Sep 1 Oct 1 Nov 1Dec 1Jan2009 1 Feb 1 Mar 1 Apr 1 May

50 T T T I T T T

T T T T
1 B. Méacin, 330m
40+ -
: |
O 30 -
e 20 Diurnal F-TC Diurnal F-TC i
2 Annual F-TC
g 10 -
g |
0 t
i INSIT I INSIT sec. INSIT sec.
0k | =
.20 | | | | | | | | | | 1
3 Jun 2008 1 Jul 1 Aug 1 Sep 1 Oct 1 Nov 1Dec 1Jan2009 1 Feb 1 Mar 1 Apr 1 May

Time (months)

Fig. 1. Rock surfaceannual thermal regime and specific intervals: INSITi maximum insolation
interval; INSIT sec. i secondary(autumn/spring)NSIT; F-TC i freezethaw cycle

3. Study Sites The differences in lithology have major
importance on the thermal behavior of rocks.

In Bucegi Mountains, the study site was situated i€onglomerates are mediyporosity rocks (710 %)

the alpine sector at 2501 ans.l., about 500 m East favoring icesegregation within rock pores, which is,

of VOr fu Omu, on a accanding to matsuekd €001)p the main cgndition

(45A26"' 47" N; 25A27"' 450" efféefve nhidrogelivhtions Gramites easep o n d

the seasonally active periglacial or enival level heterogeneous polyineral rocks with low porosity

where cryogenic processes are intense (cfalues (33%) in which joints and fractures are

Stoenescu, 1951; Micalevidfelcea, 1961) frequent, enabling macrogelivation rather than

Comparativelythe other rock surface was monitoredmicrogelivation. Nevertheless, due to the albedo

at 330 m altitude i n Mdiferences Btoguamizealével,sgranitesnaretofiea t o g

surface of a granitic tor, placed on the northern cresubject to granular disintegfion due to thermal

of the Pricopan Ridge (stdsdvedtteng' ' N; 28A11'03'' E
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Climatic conditions at the two sites indicate thein n Mt c i n duwue dmglitudes highee tham t
ifextremed characteristikt&. AG@leam eannyupalc atle mplo we we
range around2 . 6 AC at VOr f u OamplitudenrechddGat 2808 @ is isuperior to the one
MEci n Mount ai ns ( ¢ 0 mp u tha dccuned tinathe foum b ni tCwodeargmas si f
meteorological statim 220 m a.s.l.). The average The lowest temperatures of the summer months
annual precipitation of 1536 mm assures moistureccurred simultaneously at the twites (1 . 1 AC i n
availability for frost effectiveness in Bucegi, whileBuc e gi , Mit0ci8PAC dm 31.08) , |
Mbcin Mountains shoul dbylhe sace dold ain frem. tMoreovere INSIE éndsr i n g
only 455 mm annually (averages computed foalmost simultaneously due to the passage of the first
19611990 interval). autumnal cold air front, whilst the beginning of the

Mean annal total solarradiation rises at 100 interval occurs independently at the two sites,
kcal/cnfin Bucegi and at 120 kcal/ém n Mt c i mespectivdly. with 10days earlier in Macin Mts.
Stoenesciet al, 1962). Cloud cover functions as aOnce INSIT finishes, the thermal regime of the
restraining element on insolation action, reducingnigh-mountain areas immediately starts to
direct solar radiation and favoring diffuse radiationexperience the diurnal freedeaw cycles, whereas
In Bucagi it prevails for 21lday s/ year inalow-aV®i ft wde massi fs a( Mbci

Omu, while in Micin Mo trandieati insplationo intarval ¢autumm/dedacyo v e r
affects about 120 days in a year (Stoenesical, INSIT with moderate amplitudes) follow&uring
1962). autumn INSIT, 24h temperature amplitudes

Wind has a strong influence on midy ar decrease at 11AC in averag:¢
temperature oscillations, causing sudden coolinge mper ature is 19.6AC, rep

when presentindgpigh intensity. Mean annual speedamplitude and maxima values reached in the high
values reach 9.2 m/ s a insoldtiorirftenval. Qotumn dNSE la8ts &4 days,s a't
Corugea. Taking into account the orographiaintil 18.11 when first frost occursMbt c i n .
accelerating effect the actual wind speed on The first freezehaw interval begins immediately
Pricopan Ridge is estimated at-65 m/s after INSIT in Bucegi, lasting for 2 months (mid

(Vespremeamnstroeet al, 2010). September to miNovember), and with a two
mont hs delay in Mtciif, cov
4. Resuls 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

The measured rock temperature allowed thétermediate type was considered when frost

evaluation of the daily and seasonal rock thermatontinued for a few days (see Fig. 3). The

behavior during the orgear measurement period. distribution and frequency of freetleaw cycles (F

In Fig. 1, the main specific intervals of the twoTC) in the two loations differ significantly, with

investigated processes argiuied. the remark thatiMt ci n war m interval
At both study sites a well distinguishedtemperatures recorded for several consecutive days

maximum insolation interval (INSIT) is present, ( A wi nt e r inefruptdhe wssikajons below

corresponding to the summer months, whe® A C. I n Bucegi-thawhosgcillationsu r n a |

insolation action is intense and diurnal temperaturesre relatively homogenous, only sporadically this

reach the highest values: 17.0614.09 in Bucegi type of warm days lieg present.

and 7.06i 1309 in Macin. In Bucegi INSIT (90 Siberian freez¢haw cycles were taken into

days) is characterized by an average of thaccountwhen having a duration of more than 5 days

maxi mum diurnal rock t emdprdgh arbst ameplitudesf@ 2A2)..2ABnAao0dIl

mean daily rock temper at¢asonad freazing is extendddefom 07f11 td $0.03 A C.

For Mt c,i the duration of summer intensein Bucegi (122 days), showing several thawing

insolation was similar (99 days, with 9 days longer)evens that last at most a day. ML ci n it C o\

but presented significantly different values: theonly 17 days in December and January, with one

mean daily highest rock temperatures were averagéidawing event. This time interval comprises the

at 40.5AC and the r ocklofebt§damdant tendperadrdst u.desC aitn 2Bu
AC. T hsduatedl iint Bucegi showed a ratherand-1 2. 3AC in MLcin.

inconstant evolutiop of summer diurnal amplitudes, |n spring, rock surface is affected by diurnal F
from MUt IBACI owe s fi the ftighest2 §C i Afril and May inBucegi (1.04 to 15.05)
reflecting the effect of intense summer solas howi ng a very high -TiCreque

radiation and high frequency of cloud cover, whileinterval ends at the beginning of April and it is

4.1 Annual rock thermal regime
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followed by another transition interval to INSIT Ng =N (T min)- N (T max) D)
with higher thermal amplitudes than in autumn.

with Ng = number of days with FC occurrence
4.2 Freezethaw cycles characterisics potential,N (T min)= number of days with T min
: . L OO0 AR (T max)= number of days with T max
Botfh |celztirt\ﬁ||c' and t.s,le([ar:ja?-'F(i affect _ttgg roclf[ ?0 A C VelsmeineaniStroeet al, 2004)
surface at the investigated locations, with importan The monthly distribution of HC is

d|ff(|arences in freql(Jje_ncy 6:(”3 o_Iuratllon. In al!, d87 resented in Fig. 2. The autumfrE regime shows
cycles were counted in rock auring 1 year period &, jntanse activity of diurnal oscillations in Bucegi

2500m level, in the alpine monitored area, anty (40 events, 70% achievement coefficent

44 in the Pricopan Ridge. SiberianTE are also . 4 mparing to the Mtcin sit
called seasonal-FC (represents the thermal winter) were registered (27% achievement coefficient),

and annual HC as this freeze type occurs once yhjle hoth reached the highest number of icelandic

year. In comparison, the air frost cyclesE.TC in spring. The winter months are characterized
approximated over the year (based on aipy siberian froscycles, which set the limits of the

temperature), r@ slightly surpasgd by the frost transition seasons (autumn/spring) at the two sites.
cycles recorded in rock at the first study site and

overestimate them at the second (Table 1). AliCF | Rock F-TC Air E-TC
numbers stand for the days with freg¢zaw Buceg 86 83 (V. Omu station)
occurrence potential, retrieved from daily extreme ML c i 43 58 (Tulcea station)
tempe_rature Value_Sd_m the meteorological stations Table 1 Measured rock and air freezethaw cycles in the
following the relation: one-year measurement griod

L A
IVANEEVAN

> - Bucegi
\_.\._ Micin

Sept Oct Nov Dec Jan Feb Mar Apr May

F-TC No

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

Diurnal F-TC these are considered to benmovable. More
Along with the number and the frequency of diurnafrequently, effective gelivation is associated with
F-TC, their duration and the thermal amplitudeshermal values ofi3 A C (Col I iihAC 19

achieved during freezing establish the freeze depirykada, 1971),i5 A CFukgda 1972, Lautridou

and intensity, which give the effectiveness degree 971) or fromil AC t o T4bAeCl owMat s u o k
the gelivation process and makes it valid for roclgo()l) (all cited in Hall, 2007).

breakdown. The persistence of frost enables its The duration of each cycle and the amplitude of
propagation in rock, whereas low temperaiuregost were determined (Fig. 3). At both sites the
assure intense ice segregation, which generatggeies with the highest amplitudes (i.e. the lowest
pressure o rock internal surface (Matsuoka, 2001)-tempeatures) lasted around -I&h. and the mean
Thus, in assessing frost impact in rock weather_lngamp”tudes of the diurnal cycles were similar (2.8

the distinction between ineffective and effeciveAc i n Buc e gi Mtacnidn ) 2 . 5sAuQy giers

gelivation must bg_considered.Arange of_threshold@onsequem development pattern. Regarding the
that set the conditions of-FC to be effective was effectiveness of diurnal freezing, a theoretical

qdvancel in vari'ous laboratory andield studies approach would be the use of a titeenperature
(listed by Hall, in Hall, 2007), although none of jo|5tive  limit to identify the two types
(ineffective/effective) on the basis of a diurnal
freezing index. Considering that temperature was

IAchievement coefficient = Number of days withTE / Total
number of days
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registered at 1.5 cm within rock, we assumed thatignificant displacement (Matsuoka 2008, Fig. 10).

when temperatures did not reach at le8sA C  a @attulating the mean temperature maintained under

|l asted under OAC |l ess OAE@nad@hmulftriogpltyiwag ni'tt wvaictt
deeper within the bedrock and had only a slightrost hours) resultshe diurna superficial freezing

effect @ the surface. This is sustained by fieldindex (F;, expressed il Ch i hdurs degregs

monitoring results in the alpine area of the Swissvhich combines frost duration and frost magnitude:
Alps where rock temperature and crack

displacements were simultaneously measured Fi= ooflf (2)
showing active expansion at crack opening during
cycles with maximum negative antpldes of 2to5 wi t h T = mean fr ost ampl i

AC, while superficial ffrostdumtiom(ourd)i d not resul ted i

A. Bucegi B. Macin o Ineffective @ Effective A Intermediate
91 -
28 .
) L ] 6 8 1
L 7] °_7 ..
o g | 4 A
-g 6 % 64 ° °
.‘_;'.5 1 25 A
E 41 i 2,
2 3 A . g 34
8o @ A
I A 21 ¢
11 L 41 ogo 08
0 ; . . : ; . . g18 89 . . . . . .
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Time (h) Time (h)
Fig. 3: Frost amplitude and duration during the diurnal freeze-thaw cycles
124 1
A. 2 B.
10 10 1
g Mécin, 17.02.2009 & Macin, 14.03.2009

o °] ok

rEa @ 47

£ 2 £ 2

g L 3 o . L

g0 ! \ I Fi=58 "Ch ! ! g0 | | Fi=25°Ch__ . .

8 o [11:00 1500 190 .00 03:00 07:00 00 15:00 §_21_3:oo 17:00 21:00 01:00 05:00 09:00 13:00 17:00
4 Time (h) 4] Time (h)
6 1 -6 1
-8 -8

Fig. 4: Effective (A) and ineffective(B) freezethaw cycles registered at thev £ ¢ study site;
Fi T diurnal freezing index (critical F=12A Ch)

The Fvalues higherthan 2Ch whi ¢ h g 8asedroa thdse estimations, 33% of Bweegi
correspond with the previously mentioned limitsdiurnal FTC were probably inefficient and 67%
(T > 2AC, t > 12h) acefRctive, Whilsttnmt era &we Efdpettiv
freezethaw cycles, hence & 1 2 A@duld be {5 60% (Table 2). The average duration for

considered as the limit between the W€ types  jneffective cycles was 7h withi= 4. 5ACh i n

(Fig. 3, Fig. 4).Nevgrthe_|ess, a total effectiveness ‘?fstudy sites, whereas the most of effective cycles
freezethaw cycles implies the presence of water in, <4 nout 1618 h and covered a f e

rock, which is difficult to estimate. Once a frost . A . DT aok
cycle accompshes the timgéemperature conditions, _II\_M(‘E C.r'] .r:z 4§'At8h) tthan ']?: BucegleQF; ii‘;cg)éd

F> 12ACh, it can only b%] f:tffn?ba%.%o?f.gcwfivg ﬁj wat e
present in rock for to freeze. Consequentlyis effective, due to t eir duration extendln_g from _Oto

paper refers only to potentially effective/ineffective /0N although maximum frost amplitude didn’t

frost processes. al ways exceeded 2AC.
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Bucegi MEci n

Ineffective Effective | Ineffective Effective
Autumn 18 24 5 5
Spring 10 34 12 21
Total F-TC 28 58 17 26

Table 2The seasonal distribution of effective and ineffective diurnal HC

Siberian FTC The number of days affected by seasonal frost is
During siberian freezing, minimum rock réace almost 7 times bigger in BucegithanNbb c i n (12 2
temperatures ofl0 to-1 9 AC wer e t y pgo 17 aldys) fe€ausg of the Ylifference in climatic
hence, the depth of frostas maximum. However, conditions. Nevertheless, the effect of the siberian
the subzero temperature was inconstant, particularbTC type is not different in the upper bedrock
in ML ¢ amd in the first half of this interval in horizon (0.5 m), because after temperature settles at
Bucegi, when it rose to valuesdf A C, casas lbve walues, the action on rock internal surface is
even passing oxat | &dCpmihnmmly itrésgective of the number of days. The
eventsi. This behavi ourdifferentgoint is the swuch deeper limpactkof fooft s n
at the sensor sites (wind redistribution effect), andhattering in the high mountain area, as the
raises the question whether this type of shomignificartly high values of the annual freezing
thawing events influenced in any way the rocklpo index-9 4 0 A C - cordrijpuse to frost propagation
remained frozen in depth during the aboventioned in unfractured rock body until 6 m, in comparison
warming episodes. However, it is probable thatvith 0.721 minlowMt ci n Mount ACns,
superficial thawing records in the first few days. Frost depth values were estimated using the
centimetres of the homogeneous sedimentary rocksnodified Berggren equation, cf. Matsuoka and
Sakai, 1999:

25 - A. Bucegi o Diurnal F-TC

20 ® Siberian F-TC Df:a‘- 2 |f * ﬁ
' Wl )

10 - . where D; = depth of frost (metersk; = thermal

o

& . conductivity of rock (Imh'K?), A = annual ]
89§8 oo surface freezli nateni heatoix ( AC

Frost amplitude (°C)
L]

o

: - fusion, estimated at 3.34105 J/kg,w = estimated
1 19 Tinlg"(h) 100 10000 wat er c o=ntheedmyt unit weight of rock
(kg/m?®) and & = dimensionless correction factor
1 B. Mécin - logarithmic scale dependhg 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
6o ° of seasonal freezing, which are the mei$ective in
generating crack expansion within the entire year

: ' (see Matsuoka 2008, Fig. 9). On the other hand,
1 10 100 1000 10000 . . . . . .
Time (h) long-lasting siberian frost enables microgelivation
occurrence at higher depths than diurnal
oscillations, and, consequently, increases selsona
. 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.
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4.3 Insolation induced thermal stres§ INSIT

5 5 o5 488 #66 B0 860 In assessing thamiportance of insolation triggered
Time (h) thermal stress on rock surface, diurnal thermal
amplitudes are generally a valid -coefficient,
Fig. 5: Icelandic and siberian frost cycles magnitude showing, as a scalar value, the heat change to which
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the rock has to adapt, depending, simultaneously, d@ucegiprobablydue to the high frequency of clouds

the

rate of temperater increase or decrease,and wind intensification, 30% of the INSIT days

respectively. At the two locations, each day'showing total coverage, comparing to 159k ¢ i n
thermal amplitude was determined and averagethbased on sensor data interpretatio@vertheless,

hourly (Fig. 6),

in order to obtain the thermalthe report between rock and air temperature at 2500
gradient in the daintervals that present the fastestm a.s.l.

Fig. 7) suggests that rock surface is

change and that would be able to aop on the exposed to intensive heating in the alpine area
internal surface of rock. As shown, the fasteswhere the solar radiation intensity during clear days
increase was between 8.00 a.m. and noon, withia stronger than in lownassifs. Noteworthy is the

of Mt.cahAd/ BAChh

i n RBAunoex,gekpressedhas theeratio between rock and

the decrease evolved slower, between 16.00 p.rair temperatw amplitude, which is obviously

rate
and 20.00
2AC/ h for

p. m.

t he

wi t handr abiggersin BucegiX.B) Gharh in Macin {.8).hTais f i r st
second.

highlights, once more, the limitations of using air

The maximum daily values were generallytemperature as substitute data in analyzing rock

reached

at 14. 00 p. m. tharmallbehaviour. s i t e s | 5AC | ower
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Fig. 6: Mean hourly thermal amplitude variability during INSIT. The amplitude is reported

to the mean lowest temperature recorded at 6:00 amp.c onsi der ed
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A range of localfactors control the intensity of calendar transition seasons are actually never frost
thermal stress exerted during INSIT, among whicliree at 2500 m a.s.l. and the annual frost (the
the most important are precipitation occurrence ansiberian FTC) counts more than 120 days. A better
intense winds, which sensitively diminish air andcorrespondence with calendar seasons is present in
rock temperatures, along with the altitudinal thermaM t c,iwhlere autumn descrifea real transition
gradient. About H& of INSIT days experienced deployment, with gradual temperature decrease in
rainfalls in Bucegi, a quart of which were intensesecondary INSIT and few diurnalFC at the end of
rainfalls, with cooling effect on rock surface, in November. If winter should be restraint to siberian
comparison with M ¢ iwhere precipitations were frost, here it would have a very short development,
present 24 days in the 105 days long interval, whilen December and January. Spriatso displays a
only 5 of these events were intense (10 mm wergansitional pattern in K c,iwith diurnal frost in
exceeded). 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 frebzsv
oscillations (regarding only the icelandic ctgs).
The two regional settings chosen for the preserNloreover, the efficiency of frost is also highly
study impose different season duration and influenced by the climatic seasonal regime.
definition, and consequently, specific manifestation According to the general distribution of the
intervals of the prevailing thermal processes. In theffective cycles (Table 2), it is noticeable that in
alpine area of Bucegi, the summer is prolonged untMt c i n their frequency i S
diurnal (icelandic) freezing occurrence, the lattecomparing tospring, when 80% of the effective F
marking the atumn period with the remark that TC are registered. In Bucegi, the difference between
sporadic shoftime frost events are possible inseasons is lower (41% of the effectiveTE in
summer months as well. Annual frost correspondingutumn and 59% in spring), but the trend is
to winter season extends until the end of Marchsimmilar, as the maximum effectiveness is reached
afterwards spring installs, with a new range oin spring, when the rock hermal weathering
diurnal frost cycles. Acadingly, the theoretical processes should be very intense.

5. Discussions

5.1Seasonal variations of FTC

P(mm) A
50
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T T T T T T
1 Nov 1 Dec 1 Jan 1 Feb 1 Mar 1 Apr 1 May

L, 4

M Siberian F-TC
MiEffective Diurnal F-TC
Ineffective Diurnal F-TC

Al

T
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T T
1 Nov 1 Dec

T T T T T
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Fig. 8: Precipitation regime and freezethaw cycles evolution in Buceg(A) a n d

M@B)X i n

This implies that autumn is generally lessinterrupt the frequency of diurnal-FC. If the
effective at both sites, also by the high proportion oprecipitation regime is to be considered, as assuring
inactive cycles and the low frequency of the overalthe necessary moisture for active gelivation, both
F-TC. In this context, temperature regime seems teites received comparable quantiti@sthin the
be the main influence factor ML c, iasit imposes correspondent diurnal -FC intervals (Fig. 8).

mul tiple

i wi

ndows o0

wi t hFurghernsoiet it vVsenoticeabtep that anbsti 0fethe t h ¢
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effective diurnal FTC are somehow preceded byones. The relevance of thermal stress in freezing
precipitation, sustaining that water freezing in rockprocesses isatived from the general evolution and

was present. However, if we take into account théast temperature changes during potential freezing
multi-annual precipitation regimel9612009, it oscillations, independently of the mechanical action
reveal s t RTa@ ifinstperi nagl OFofifrest oo hsvocoortesce. yin autumn and spring
wetter thanTC€Chienfiauv amadurRal feeezehaw intengls the mean daily thermal

mean water content é¢i1 mm/day and 2 mm/day  amplitudesae si mi |l ar (12AC) and
Bucegi. Oppositely, inMt ¢ i n differanee is values of 282 3 AC. Not only the g
slighteri 1.1 mm/day in spring and 0.9 mm/day invalues variation but also the short change duration

autumn FTC. induces thermal fatigue within the rock body; as in
most diurnal FTC the exit occurs generally fast,
5.2 Thermal stress assessment the rate from th absolute minimum to the highest

The concept of rock thermal stress should apply ttemperature reached ithawing registering about
both freezethaw intervals and the intense insolationl.3A C/ h .
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Fig. 9 Thermal regime A) INSIT (maximum insolatiopand freezethaw intervals, ans B) during
freezing interval and siberian FTC. The colour wide columrs show the mean daily amplitudes, while
the narrow black lines the maximum amplitude
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The significance of thermal stress triggered byebulosity, precipitations and wind action) majorly
freezing oscillations resides thus in the impact ofeduce the thermal amplitudes during summer
rapid temperature changNS§l. crossing the 0 AC | i mi
pardlel with the ice segregation related effects on
rock. Regarding the thermal stress fatigue of rockg conclusions
induced by summer solar heating during INSIT, the

intensity  differences between the investigatédhe pregnt study shows that rock surface freezing
mountainous areas are noticeable. Figure 98 qcesses have a major importance in alpine relief
presents the ean values of diumnal thermal yoqeliing (Bucegi) taking into account the large
amplitudes and extreme temperatures that, on @,mber of the freezthaw cycles (86), the high
large _scalg, indicate rock thermal state and the Streﬁ?oportion of effective H'C, representing the

to which it should adapt. Thus, during INSIT thegttectiveness dege (67%) and the intensity of the
mean daily enplitude of temperature is 2B3@nd  50n 51 cycle (6 m frost depth) comparing to low
16.A C T espe chlr_ldmaeelgmplltuctezh% altitude Mt ¢ imauntains, where the freeteaw
smaller in Bucegi than in Mc iTine standard iniorq) is significantly shorter (43 cycles) and frost

deviation values (Fig. 11) are an indicator of thedepth only reaches GF m during seasonal
diminishing ambient factors on solar heating, suc eezing

as cIouth COV?E% wind and pre(_:lpltatll?jns.dThe col Although the maximum insolation interval length
convective mieday summer ras could Induce a o correspondent at the two sites {BID days), the

significant thermal stress by fast cooling of rothhermalstress magnitude is 22% smaller at 2500 m

surface. However, the rate of temperature chanqgvel than at 330 m level iM £ c. iNevertheless, the
during these events was not quantified in the present. ium thermal amplities in INSIT are similar

study due to the medium sampling frequency of thf37-4OAC) Consequent |y i n s

te_mpgrature sensors. It Is 'mpom" h'gh.“ght the thermal stress is the secondary process in thermal
significance of the atmospheric cedd front . . : .
weathering of gline relief, but it shows a greater

passage during summer which affects all the county otential than frost processes (secondary processes
regions (for instance the main low temperatures ar. . L P : yp
n ML c intoyv altitude environments.

synchronous, inclusively the absolute minima: 3 . )
; : The seasonal analysis of diurnal fredzaw
August 2008), while the maxima are papentl : ;
g ) y {:ycles reveals that at both sites the maximum

random distributed over the warm period, dlﬁereneffectiveness occurs in spring (be 0 and 80%

from a location to another. : .
The high mountain environment is very expose(ﬁf the effec_;n_ve_FI'C), generally characterized by
igher precipitation amounts than the autumn.

to insolationrinduced thermal stress occurrence
favoured by the intense air thermal diffusivity at

high elevations. Thissi proved by the maximum Acknowledgements .
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Slope dynamics _ precipitation inter relation
in the Curvature Subcarpathians (Romania)

F. GRECU', L. "~ 2 n3a '@ TOROIMAC', R. DOBRE,
R.SnCRIERU', C.2 n - " © ¥&

Abstract. The present paper points out the impact of climate variations on the development -ahslopel processes

in the last deddes, correlated with anthropic pressure and precipitation in an area of high geological and tectonic
potential for modeling processes (Paleocene andRacene flysch: marls, clays, sandstones, conglomerates and
gravels).

The MannKendal statistical testeveals a general decreasing trend in precipitati@hiarflow-rates on the Prahova

Ri ver registered at COmpi na, PLttrl agel e and T2002ni ci
period. This trend is generalized, as shown by the data registered in similar stations fGurvéttere Subarpathians.
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 constructithes)case study (The
Breaa 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, landslidgomania, Curvature Subcarpathians

1. Introd uction 2. Geological and geomorphological context

The study area lies in the outer southern part of thEhe Curvature Subcarpathians belong to the
Eastern Carpathians (Curvature Carpathians). FromMjocenePliocene Carpathian Orogene, Subcarpathian
morphographic and morphometric viewpoint (Fiy ~ nNa@ppe (the flysch containing: marls, gravels, clay,
this is a transitional unit (Subcarpathian) betweef@nd and conglomerates). Their positian the
mountain and plain (Romanian Plaink dfeographical contact of the Ead_iurope_an Microplate, Black S(_ea
position, geological and geomorphologieabolution ~ Microplate, Moesian Microplate and Pannonian
has engerdered complex  geomorphologicalMicroplate accounts for active neotectonics.

C . : : The highly faulted Curva
climatic-hydrological and bigedogeographical : . )
processes, partly analysed in previous works. geological structure is the result of the Moldavian

. . and Wallzhian tectogeneses (Miocene and
This paper ams to prgsent slope proceSS‘elﬁeistocene, respectively). The large number of
(general and particular) in the Curvature

. . . faults is due to a change in the direction of
Subcarpathians (Romania) influenced by th%ompression from NVBE ?o NS (Hippolyte &

geological and anthropic particularities of theg, 4 lescu 1996)

region, ?‘”d _triggered by climatic factors in the Uplift mbvements in_the Pleistocene. were ,of

conditions of some ¢haBggitude "up N0 0d I I(SBES ML

precipitation regime mainly in the last dele. Odobekt.i bet ween Putna and
Being a unit iAbetween mountain and plain, In terms of structure. the Curvature

between the south and the centre of the countrgpcarpathians contain two units: an internal folded

crossed by the main hydrographic networks (thgector and a monocline external one between the

Prahova, Tel eaj @mni cBiU z9yr it §k £ mind: tRhe Dambovita

Putna and Milcov), human pressure was fairl;ompiex structure with asymmetric faulted folds and

strong materializing, among other things, in g a pir folds (Stndul escu,

deforestation and construction. For example, Breaza The Curvature Subcarpathians are situated in a

town population density increased from 306seismic region, with the presence of diapir folds,

inh./sq.km in 1930 to 450 inh./sq.km in 2002; as dignud volcanoes and burning fires, severe relief

the number of buildings from 3,000 to 9,100 ovefragmentation (a stretch of lsmontane depressions

the same period (Gred Comtnescu,1998, Grecu surrounded by hills, separated and closed in at the

& alii, 2001) exterior by two lines of hills).

Revista de geomorfologie vol. 12, 2010, pp. 452
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Fig. L. Curvature Subcarpathian i hypsometric map. Meteorologic stations and areas of study

3. Results and discussion detecting the statistical trend in a data row and
calculate its significance. The positive or negative Z
3.1.Trends in precipitation test value indicate an irgasing or decreasing trend

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

Average precipitation in the Curvature Subcarpathiansgquation was used for row data larger than 10.
reach 606B00mm/ yeg with a maximum of 8000 The results of the ManKendal statistical test
mm/24 hrs. Torrential rainfalls are registered mainly(Tables 2, 3) emphasize a decrease in the monthly
in July-August due primarily to the Carpathianaverage quantity of precipitation in breary and
Curvature which bars the advection of moistitap May at COmpi na station and
air carried by Mediterranean cyclones. Maximunsimilar trend in the monthly maximum quantity/ 24
precipitation wer e reghrsd ewas faotund®tbi hr Aagebs e aatn
COmpina weather st at i o atsTuldicll $tation8 Ammincreasimg tdendl iy the ,
1975 and 135.6 mm on August 25, 1954monthly average quantity was registered irrdltaat
respectively) on the outer Carpathian slopes and ifiulnici. After 1969 and especially after 1984, the
the valley corrids. The monthly averages anddecrease in precipitation all over Romania was
maxi ma found at COmp i n agnne®ddtmainly ity ¢he @ositva dtagd oflthei c i
stations are analysed here Table 1, Fig2) (Data North Atlantic Oscillation (Busuioc & Van Storch
supllied by the National Administration of 1996; Tomoizei& all, 2003; Ghioca, 2006).
Meteorology). The highst monthly averages over the past 45

Statistical trends in the quantity of precipitationyears (196422005) were above 100mm every month
(monthly average and maxima/ 24 hrs) in the of the year, but particularly in the summer time
Curvature Subcarpathians are assessed by the-Marfwith a maximum of 296.0 mm in July 1975), but
Kendal test. This nceparametric test enables also in May and December (Table 4).

. Altitude Average quantity of precipitation/year
Weather station Interv al (m) (mm)
COmpi na 19612002 461 714
Ptttr | age| 19612000 289 629
Tulnici 19612002 571 656

Table 1Main 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 | I Il \YARRRY, vioo|vi v [ixo | x XI | X1 | year
station

Campina 153 | -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 168 | -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 2Statistical trends in the evolution of monthly precipitation average at three Curvature Subcarpathian weather
stations(Mann-Kendal test)

Weather station | | Il Il I\ V \ii VII VIII IX X Xl Xl 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 3Statistical trends in the evolution of monthly maximum quantities precipitation/ 24 hr§gMann-Kendal test)
at two Curvature Subcarpathians stations

Year/ | I I v v v VI VIl IX X XI Xl | YEAR
Month
1997 8.0 13.7 428 | 1309 | 67.1 | 1031 | 1423 | 2744 | 275 |586 | 519 782 | 9985
1998 1089 | 4.4 218 | 278 | 925 | 1508 | 90.1 | 65.1 139.4 | 925 | 44.0 229 | 860.2
1999 143 | 295 140 | 1516 | 720 | 623 | 515 | 1766 | 755 | 536 | 317 59.3 | 791.9
2000 | 27.8 | 334 222 | 310 |103 |647 |415 | 207 927 |11 14.1 113 | 3708
2001 34 28 43 45 38 | 174 | 39 32.4 26 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 397 | 404 | 898 | 597 | 910 | 1124 | 1012 | 846 | 523 | 453 | B4d 514 | 7711
2005)
Min.
(1961 1.6 3.8 0.0 58 | 103 | 317 | 175 | 107 3.5 0.5 2.2 1.2 370.8
2005)
Max.
(196% | 121.2 | 1258 | 1008 | 151.6 | 220.2| 274.0 2744 | 1737 | 187.1 | 1904 | 2187 | 1050.1
2005)

Table 4Monthly and annual average quantitie{mm) at Campina station (1997 2005)
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Values being so high comes from the locationof ai ns (274 mm at COmpi na
Campina station in the Prahova Corridor, a valleyespectively) .
widely open to the south and therefore favourable to The active landslide dynamic seen on the Breaza
the penetartion of a moist Mediterrameair, as well terrace scarp (665m) (Photo 1)over the past ten
as insolation and thermal convection in the warnyears is dueto both climatic conditions and
season of the year. anthropic factorsObservations made between 1996
Noteworthy, three of the highest monthly 2007 show a steady degradation and reactivation of
quantities of rain were recorded over the past teold landslidesFig. 3, 4).
years: 274.4 mm in August 1997; 151.6 mm in April  The buildings located in the landslide deluvium
1999 and 195 mm in SeptemI2805 (Table 4). and intervention in the phreatic sheet reattd
In 1997, excess humidity set in as early asandslides in the conditions of tential
spring, reaching a peak in July and August, an@irecipitation in 1997 Grecu, 1999; Gredaall,
paving the way to the development of intense angdoo1), 2005, 2006 .
deep largescale, geomorphological processes. In 2007, the danger for the neighbouring
A climate record years was 2005, when annuglildings to slide made the authorities take
quantites of 1,238.0 mm registered at Campinaneasures against sliding and the management of

station meant a deviation of 466.9 mm from the&opes. The analyzed landslide is developed on
multiannual mean (771.1 mm). Moreover, thetotag y c 37 a6s s c a 7B m)offig. 55 8her ac e

quantity of the September rains represented thgirde at the top of the landslide (the main

absolute maximum of this month. _ detachment gulch) is at 534 m and the contact with
The intensity of that yearsjeomorpholgical  yho fioodplain is at 478 m. Geologically it is

processes was the consequence of IMPreSSIVG aracterized by teace deposits (gravel alternating

uanties tell in excess for five succesive months, . X
19rom May through to September (DragoR006). | ith clay), isolated gypsum stones appear that

The 118.4 mm of rain fallen on September 20, 200 :\'/aetlg ?;erstafetgla:f tLhee Jgggigiﬁ' ;h:oﬁgrfe;%vse
represented the absolute maximum of precipitatio P ’

24 hrs ever registered at Campina station over t e road of local interest and increases the risk for
19012005 period many households atuding the proximity school.

The worst effects of precipitatieinduced land The importance of studying the landslide resides

degradation on slope happerie the warm season also from the fact that downstream there is an
especially in the summer months, when heavy fall§nPortant transcarpathian thoroughfare (national
had the greatest frequency, intensifying erosion arf@2d. main railway and, in perspective, the highway
landsliding. Bucharest- Brasov). Thus th&nowledge and the
Rainy days (over 10 mm/ day) are very frequenproviding of the slope dynamics are particularly
in June and July. In the conditions of a moist soilmportant, the landslide being monitored by
precipitation of >10 mm enhanceglegradation Successive mapping of land and special techniques.
processeshrough ruroff on slope (raiinduced The numeric model of the land was worked out on
denudation) and concentrated overland flow (rillingghe basis of detailed topographical takingsng
and gullying). DGPS and the total station.
In transitional seasons there is also a high
frequency of short, torrential falls and of lengthy3.2.2. Landslides in the Milcov Basin

intervals of ran when the important quantities

recorded lead to the degradation of land. HoweveMilcOV Basin is placed between 500 and 750 mm

degradation is particularly intense in spring, Wheﬁsohyets. The multiannual average values for the
nalyzed bases are: Focsan

terrains are ploughed and the rain falls on the moi 637.4 mm) . Tul ni cSi 6485283 3

soil left over by snowmelt (Sand& Btlteanu, .
2005). Whenever heawyinfall follows longperiods MM)- In these weather bases is observed that only
of dryness, soil erosion is particularly severedUring the warm season (M&eptember) there is a
especially on slopes cultivated with hoeing plants. diréct relationship between precipitation and refief
altitude. It is the season of maximum dynamics of
landslides. Due to Atlantic cyclones actyithe
highest amounts of rainfall throughout the year are
registered (about 2/3 of total rainfall). During the
3.2.1. The Breaza landslides (Prahova Valley) winter, the amount of precipitations is lower
because of the influence of the foehn wind.
Breaza town wihessed landslide reactivation afterFrequently, during the winter, at the weather base

the August 1997 and September 2005 torrentisfuini ci are | ess precipitati

3.2.General slope processes in the Curvature
Subcarpathians
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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

Rairfall intensity is the determining factor in of the erosion, while those above 30 mm, over 85%
triggering landslide. The highest values of theof the amount of the eroded material (Constandache
maximum amount of rainfall in 24 hours occurred inC., Nistor, S., 2006).

July and the lowest one in February. In was For the Bend Subcarpathians the maximum
developed that in Vrancea Subcarpathians theinfall intensty, of 0.120.25 mm/min, has the
precipitations uner 30 mm, with a weight of 50 highest share (22.4%) of total precipitation. It
55% of total precipitation, generates less than 15%ellows the maximum rainfall intensity of 0.26
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0.50 mm/min (21.5%) and over 0.50 mm/minwas observed a verylear difference in stability

(20.8%) (Bogdan O., Mihai E., 1985). The strongesbetween the slopes that have been installed of the
intensity of pouring rain was 6.9mm/min basin Arva and the ones th
(14.08.1977, Tulnici). The number of days withof t he basin Val ea Rea (St
precipitation above 10 mm range between 22.6

Lacauti, 19.5 Tulnici,gsIplicliar sBfePR&esstsiin the 8Uhdturel 6 - 4
Focsani. Subcarpathians
The wettest years of the last half century were
1961, 1962, 1966, from 1969 to 1972, 1977, 197% e pseuddars of Meledicdeveloped on salt and
1997 and 2005. In 1977, after the earthquake Ghe sait breccia (Aquitanian), on the lefthandside
March 4 (7.2 on the Richter scale) it followed a5 | pe of the Sltniec River
rainy summer. The highest dally_ amounts Werqjedic and Jgheabu. Psedkhrst forms such as
rLecordtgdgso;I 25 Ofo éb\ubgust_t.S'll'Lélnlm 8?”? m”r‘]’ karst depressions and lapis lies on the plateau. The
r:scj'?e:j i'n Thrgl r(? due(?uilo oi‘ Irgrr?dsli dee;e inavﬁ\ternal pseuddarst is represented by forms that
Andreiasu. Reahiu apnd MefBig. 6) are less resistant in time. In some karst depressions
The precipitations of 128" of July 2005 led to '2keS were formed by the accumulation of
record historical flow of Milcov 696m%s. The E;eciﬂgzutohneirwgf;of/he?zz S;ftog]e?sh ir\;]\lgéer:/i;il;es’

lateral and depth erosion processes were ve ‘< sianificant salt | . t Meledi
intense, causing large changes in the riverbeds. T @ere IS significant sa somy_na_mlcs at Meledic
due to the action of rain and wiifgig. 7).

country road Focsani Butucoasa was seriously
affected: this road follows Milcov river most of its 1€ mud volcanoes n  t he Ptcl el e
course (Stcrieru R., 2dynedinangtclne degression @f an anticlpgle; \ 5
of landslides occurred regressively due tgiS, in Pontian deposits, bordered by cuestas
undermining the basis ocPrespondingdopaciapangd Romanian formafins. 5 4
Lower André aku | ocalities w\dg gruptpn sdhetwerly of ingige| natyra) gas

Basin is characterized by large hydro and forestrpression which creates mimolcames ( P©cl e
facilities made after 1960. There are 197 hydrar i , POclele Mici). The
transversal works (dams of concrete and ston¢olcanoes is connected with precipitation, mudflows
masonry). After the precipitation from July 2005 itcontributing to the deepening of gulli¢sg. 8).

Slope landforms, processes and
deposits due to gravity
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Fig. 6: Milcov basin: slope landformes and processes
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Fig. 8: Mud volcanoesi A. Slope modeling by gully erosion B. The mud role in gully aparition

4. Conclusions processes into natural hazards. Although the
The geological, geomorphological and anthropianultiannual evolution of prepitation amounts in
particularities enhanceydamics on the Curvature the Curvature Subcarpathians shows a statistically
Subcarpathian slopes. The quantity of precipitatiodecreasing trend, yet in Breaza area landslides have
is a triggerring factor of slope processes. By theibecome ever more frequent is over the last 10 years
torrential character, precipitation may tarn slopen particular.
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Spatial Relations in the Recent Evolution of the Deep - seated
Landslide from Che ia (Cluj County)

Monica MOLDOVAN 1, lulia PANDIA?, I. RUS?, loana SIMEA?, V. SURDEANU ?

Abstract. Deepseated landslides represent the Transylvanian geomorphological landscape features both in magnitude
and frequency. The mechanism and the morphologyho$e deegzeated landslides had such an impact upon
researchers that S. Jakabc@l1@a8& 1)y ophiad tmoante ntbh o e tlhandd
The landslides from Cheia are desgmted landslides type, with an area of approximatéiy’ The individualization

of this deepseated 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 treedésgandslides
morphology. The analysis of muliémporal cartographic support and the correlation of our data with the field reality
allowed us to identify the major changes of the deegted 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 influence of the lithologic, structural,
climatic, biopedologic and anthropogenic factors is
The landslide form Cheia is included in the deepreflected in the general appearance of the deep
seated landslides category, which is a deep arggated landslide, which looks as a well devedope
massive landslide with an area of appmately 4 and mature landscape.
km? a length of 2 km and a width of almost 1,8 km. The region lithology is represented by
This deepseated landslide is near Cheia villagePleistocene formations (sand, gravel), Sarmatian
(Cluj County), on the left side of the Aries Riverdeposits (marls, sand, and gravel) and Holocene
(see fig. 1), and is very well individualized by itsformations (sand, gravel) (Turda Geological niap
morphological characteristics of the reunding 1967, scale 1:200000). _ _
landforms: in north there is the alignment of The s_,patlal locatiorof lithological formations _
Cariereii Hodinisi Dealul Alb Hills, on east there @S put its mark on both morphology and dynamic

is Lupilor Hill and the channel of the Aries river in of the fgsedtemlareigidesl e e p

south. The slipped masses during the landslide car?e So:[_ the tﬁcarpl gvl(_ecglapsb ;he _Plelstoc::;ne
to the river bed, altering its course. ormations, € lanasliae ody 1S moslly

superimposed by the VolhinigBessarabian
formations and Plstocene formations that appear
only in the soutlwest part, and the landslide toe
overlaps the Holocene formations.

Morphologically speaking we can say that the
deepseated landslide positive forms are conical or
rounded, most of them being in very adead
erosion stage.

Due to the subsidence processes, landslides and
gulling processes, most of the desgated landslide
hills are very fragmented, and so many of them are
segmented into mounds. The negative forms of the
deepseated landslidé longitudind and transverse
depression$ are well individualized and occupied
by temporary rivers or by permanent and/or
Fig. 1: Localization of the studied deepseated landslide temporary lakes. Deegeated landslide area that we

Revista de geomorfologie vol. 12, 2010, p. 5358
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have studied has been included to the agricultural Those observations caught our attention aed w
system, and so the mounds from the lanéstioe started some researches on the dynamic of the
are used for crops. Also, in the past, the depressiogeomorphological processes, which shaped the
have been used as orchards. deepseated landslide up to today morphology.

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 proportioof 90%.

2. Methodology

To analyze the evolution of despated 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 tmorphology
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 (176873),
topogaphic 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. ; : e
The morphological changes of the desated Fig.2Mounds fr om Ch e iseatedilandslidene e 0
landslides has been determinate based on a  affected by weathering, erosion and rock fall
comparison of states recorded at different times on
the cartographic and imaging documents with the After analysing multiple longitudinal and
present morphology of this despated landslide. transversal profiles over the desgated landslide,
made on the cartographic documents, images and

3. Analysis and results topographic surveys up to date, we identified the
areas that have been major modified during time.
The deepseated landslide from Cheiaas @ g | i Wseg the longitudinigprofiles we could analyze not

type landslide, atypical for the consequent subtyp@&nly where are located the parts that are highly
because it does not have parallel strings composastiaped during time, but also to estimate by what

de

by hills, but has hills disposed chaotic. The chaotipr ocesses and how were fitr

di sposal of the hill s ithe figl Bethereoaret Hille that care eaffesteda liy e
fragmentation and to the chaoticovement of the landslides and others ardexdted by human actions,
blocs on the landslide bed. being prepared for agriculture use.

Corroboration of the endogen processes, The mor phol ogy of t he
exogenous ones and the anthropic activities led tmodified by erosion processes and mass movement
activation and reactivation of some geomorphologicabnes, in such a way that today the hills are
processes, such as: landslides, rock fall, collapstagmented in several pieces (called mounds) (see
denudation pcesses, torrential ones, weatheringfig. 4). The depressions are filled with the materials
Those processes concur to the degradation of tieat are detached from the slopes, and so the
scarp, the hills and the depressions between tigdevation of the depressions in increasing and of the
hills, having as result the badlands fields (fig. 2). mounds is decreasing. On the other hand there are

Starting with the analyse of the Josephine niapssome depressions that are shaped by gulling
the topographicsurvey of Transylvania (1769 processes, so éir elevation is decreasing and the
1773), than with the topographical maps from 1962levation of the mounds is increasing.
and 1984, scale 1:25000, and 1973 scale 1:5000, we Sometimes the two forms (depression and
were able to observe majors differences regardingiounds) are decreasing at the same time, so that
the degree of fragmentation. part of the fAglimeeo is

d

Aig

get
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Longitudinal profilei year B70 Longitudinal profilei year 2009
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Fig. 3 Longitudinal profile over the Cheia deepseated landslide.
Evolution of the relief forms due to the geomorphological processéstudied period 1972009)
1. Depessions 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 activiti#sagiiculture lands.

Fig. 4. Fragmented hill from the deepseated landslide body2009)

Comparing the data from the topographicalmapd e pr essi on t hat oneds was
scale 1:5000 (1973), with the data from thefirst hills wade is almost hills by landslides that
topographic survey (2009), we identified parts thaaffectedt he scarp and the hill d
were affected by geomphological processes that Cooperation between lithology, climate and
fragmented the hills (see fig.5.), and filled thehuman activities has an important influence on the
negative forms. dynamic of the geomorphological processes.

Mechanical properties of the rocks that are in Where are Sarmatian deposits, or at the contact
composition of the mounds (marls, sands, graveld)etween those and the Pleistocene dipo the
and the structure of those, allow the water to padsagmentation is higher that where are Holocene
through thai fissures, and so the water gets tothé or mat i ons. On those two
materials such as clays and silt, which are at théeepseated landslide even from a morphological
bottom, and new landslides and other processes geint of view they are different.
activated. This led to the today morphology, with There for we can set bound for two areas that
many mounds that are reshaped continuously. have different aspectsgarding the morphology and

The geomorphologi¢gprocesses that shape themorphodynamic (fig. 6).
deepseat ed | andslide tend Thepartthahis over the Safmattam depositg anil me ¢
landslide. Their action on the scarp of this landslidever the contact between the Sarmatian and
determinate the uplifting of the scarp to thePleistocene formations, represent the scarp and the
interfluves, and at the same time they reduced thmost part of the landslide body. From a
slope inclination. morphologic poinbf view this part is dominated by

These actions are leading to the elimination ofmounds, with rounded or conical shapes. Those
the scarp. Today it can barely be distinguishednounds are shaped by weathering, landslides, creep,
because it is affected by new landslides and theck fall, subsidence processes and erosion processes
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Fig. 5: Extract of the DEM from 2009 on whicharew er | ai d t he contours from 1973
The rectangles show the parts that were fragmented during almost 30 years

Legend

Lithology

Sands, gravels (Holocene) ‘E
Marls, sands, gravels (Volhinian-bessarabian)
1
Gravels, sands (Pleistocene) “
Elevation 2
- High : 475 B
&
- Low : 335 b
= R A in ZOPRS

Fig. 6: Lithological sketch of the deepseated 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 betweer@8?) which has reached the Aries riverbed. This area
and where the inclination is very high the strata arpresents big blocks which are fragmented by gulling
brought to daylight (fig7). processes. Those gullies are now filled by

The depressions from this area are narrowpermanent and temporary lakes. Comparing with the
occupied by temporal and/or permanent lakes, arfitst area here the fragmentation is less high, and the
are clogged with the material coming from the slopeshills are used in agricultural system. The

The area that is over the Holocene deposits igeomorphological processes are not so active, and
part of the landslide body and especially the tognly a few landslides affect the ridges of the hills.
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Because this part of the desgated landslide is understood like a good thing by slowing the
used as agricultural land, the geomorphologicajeomorphological processes and also can be
processes are leastive, and even stopped (fig. 8). understood as a bad thing by excessive grazing
which accentuates the erosion processes.

Most recent climate changes represent a
favourable factor for modelling the despated
landslides, especially in terms of flattening the slope
affected by this kind of landslide.

4. Conclusions

By analysing the evolution of the deseated
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
Fig. 7- Mounds fragmented that are situated in the first morphology from nowadays. Through comparing

area, at the central part of the landslide body the cartographic materials and the satellite images
we can affim 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 morphodynari point of view. The way in
which the deeeated landslide evolves and
because of the active processes that shape the forms
of Agli meeo, the villages
might be at risk. The infrastructure that they build
(in 2005) on the deepeaed landslide is already
affected by active landslides, so this dseepted
landslide can be reactivated.

Fig. 8: Hills that are less fragmented, on the toe of the
landslide
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R®sum®i magerie radar est un moyen actif per mettant do
toutes conditions m®t ®or ol ogi quers.dd dlimagediram@t r idé,a mg
l es caract®ristiques di ®l ectriques (humidit® du sol,
orientation, ) de | a sur face i mag®e. L®s uli matge = 61
comparai son entre des images dbéamplitude permettant d'
di ff® rentes dates. Le MNA (Mod | e Num®rique d'"Altitud
| 6anal yisteoidrue .t er'rassoci ation des deux informations (re
produits d®riv®s), permet alors d'avoir une meill eure
L'"objectif de notortéraveaes!|l deorsiaferimaciobohs pour inte
dates d'acquisition des images d'amplit®gieomatdmars (RSO
humi de et caract®ri s®e parcidesnt ®el aets dif d®senteas ap @
pr ®pond®r ant e. Ces trois caract®ristiqgues rendent I e
signal ®l ectromagn®tique r®trodi ffus®.

Nous avons pu obteni(fl)dilfd ®r@at ssat®isaud tdés | mages dobasa

r®solution de 20 71T@&066r Naup®maivodse HOBBHUITL 12 coupl es
intervalles des satellites ERS et ENVISAT, 6 couples des images BRS1685 et 1999 et 6 couples des images

ENVI SAT entre 2004 et 2005. (2) La r ®aBHRE1#285) dedanzong 6 un n
d6®t ude avec une r®solution de 20 m sur une ®17eantdue de
r®al i sation du MNA de Buzau est -DHRE2D mese?28 &t 29pnsar 1995r du
Léassociati on des i mages di a cBRSDY29i5q urecsu sdda mpkermude daé
changements de paysage. Ces changememisadg s age ont des origines diff ®rent e
(a) pour la partie plate (plaines),] es changements so-plitesdp®ri odeg i huri dasni

s ches); (ii) cul ture de pcsh adn®psa s(sreu gloessi t4® s: e (gdountat se)r;v a(l
partie in{eem®Pdf ai med®r ®s, pentes orient®es vers |l e ra
l 6humi dit® et | a v®g®t ati on; e(nitir)e {deectsi tdda sf fdiirfefn@reesn cpersi s
pentes orient®es v(ecr)s poaurvilsa®ep adrufortseelgicaevatire e s | Gcwe site n
changements sont dus aux : (i) petmPesi @s sdtdoacsgqoinsi tgiud
(prises de vues); (ii) I dhumidit® et | a v®g®tation. Ce
(radi om®tri e) ne demande pas une grande pr ®cei sri®snolaulttii
plani m®trique.

Ces r®sultats permettent de souligner | es points suiva
plate (plaine de Buzau) que |l a surface acci denta®er ®&gciool
haute des distorsions qui sont proportionnelles aux d
grande. (3) Par contre, sur la zone des plaines de Buzau, la distorsion est moins importante sauf pour la distorsion qui
resel des di mensions de r®solution qui nbest pas exacte

Motsclefs Di achr oni que, Amplitude, MNA, Buzau, Radar, RSO, |

I. Introduction continuellement le paysage. Ces changements sont
peu ou pas observabl es

La zone de Buzau (Roumanie) de par sesat el | it al es o ptth gsuee sOu vLeer t

caract ®r ilsotgiigquueess , g ®o® o MBIOP esb dlocsgun mayensefficace, rapide et peu

g®odynami ques, tectoni goéseuext pour m®tiugues, cestp

soumi se 7 plusieurs rif$qgquesi oamnemehts duioumodtidmpe
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exploiter |l 6onde radamdoi'nompa@aatiion. dd | ppearsmetur de
m®t hodes. Cette mesurecepénrmats eddbbéenisr sdetux i n
informations : (@) Energ®tique @feramdetom®ussie) débavoir une i

Pui ssance ®mgrs@cet” rled amaeoptl éenvaBicpear d el e s crues " I
signal). (2) Temporelle (phase). Distance entre le g ® o mor phol ogi e du terrain
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