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RESUMO

Situada no Norte de Portugal, a Serra do Mardo faz parte de um conjunto orografico que separa a drea
montanhosa de Entre Douro e Minho da area plandltica de Tras-os-Motes. As caracteristicas do tenponas
&oocas mais frias do Quatermario forammuito inportantes no que respeita aos processos morfogenéticos, que
actuaram sdore as suas vertentes, criando depdsitos que entdo as regularizaram e que hoje condicianama
dirdmica actual .

Palavras dhave: Quaternario, dgodsitos periglaciares, dirdmica de vertentes, ravires, deslizaventos.

ABSTRACT

TLocalisad in the north of Rartuggl, Serra doMarSo is part of amountainous rarce thet separates the marntains
of Fntre Dowro e Minto fran the plateax of Tras-cs-Mates. Weather daracteristics of Quatermary coldest times
were very inportant in terms of morphogenetic processes, which acted an its slopes, creating deposits that,
rowedays, are caditianing the present dyramics.

Keywords: Quatenrary, periglacial dgposits, slgee dyranics, qullies, landslides.

RESUME

Située dans le nord du Bortugel, 1a Serra doMarSo fait pertie de 1'ensenble arographique qui sépare les
hauteurs de 1'Entre Douro et Minho des plateaux du Tras-os-Motes. Les caractéristiques des tenps froids du
Queternaire att & tres inpartantes en ce qui caxeme les processus mogdoofrériques existants sur les versarts,
agord'hii coditiarent la dyramique actelle.

Mots clé: Qetennire, dBodts periglaciaires, dyramique de versants, ravins, glissanetts.
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InbrodctHo

The Serra o Mareo (as it is called locally) isa
mountainous messif situated in the North of Rortuggl
fomednainly of Palasoroic struchures. It is stragly
merked by the Hercynian arogety, which is respansible
faralargennberof failts ad frachres. Neo-tectanic
phenomena, which are quite comon in northern
Portugel, influenced this structure and created new
failts vhichmede the margostrucaare of this area even
more carplex.

The Mardo is part of a montainous range with a
rorth-sath direction ard is therefae parallel tothe
Alatic aoest, whichexplains the heavy rainfall anthe
slopes tirmed to the west in aotrast to amuch lower

Durirg the Qetermary the action of the aoldweather
was very important in terms of the morphogenetic
processes that acted an the slapes. M the ae hard,
the deposits regularised the slapes; anthe atder, they
conditioned the present dynamics, as will be
damostrated in this peper.

Gearorphologic features

The Serra do Marso is ae of the nost inpressive
tapographic structures that canle sirgled ot inthe
vast aragraghic raroe that ssparates the nortlwest of
Rortugel framthe platesix of Trés-cs-Mates (Fig.l) . Tt
is one of a series of mountain ranges that are
traditiaally seen as awole: the nountainous range
thet ssparates Mirto franTras-os-Mates, the twonest
deradreristic ragias inrorthem Ratucgl . Scartirg fram
the frattier of Glicia andnoving souttwerds several
mountain ranges are to be fourd: Peneda (1373 m),
Garés (1300 m) , Iarouco (1527 m) , Caoredra (1262m),

Alvao (1285 m) and Mardo (1416 m) . The latter
rarge can be added to the list — Mmtemmro (1381 m)
It it lies sathcf the river Doro. Thehighest points in
rorthem Rartuggl are tole fourd in this race.

This group of mountain ranges and elevated
plateax axstitire (ot allyracoort of theirheidt,
it alsoof theirhilk) andestacle which determires a
more or less rapid transformation in the Atlantic
character of the lardscapes; because of that it is
comonly temed cadensation karrier. The Mardo is
situated in ae of the areas of the contry with the
heaviest rainfall ad is similtanea dly e ae thet offers
the strangest aottrasts in tems of the distrdbution of
tenperatire. These two daracteristics - heavy rainfal 1
ard larce tenperature range - neke it wnique amang

The action of tectanics is fundamental to the
urderstanding of the formation of the Mardo. The
Hercynian orogeny was the main factor regpansible
far the wlift ard folding of the metasedinerts of the
Pre-Qrdovician, treQrdovicianad the Sihurdan (Fig. 2) .
Tt was aleodrrirng this amaogyy thet the inrusian of the
differat granitic rocks, whichare fordan the perigery
of the mountain range, tock place. These orogenic
movements explain mery of the fractures ard faults
thet are still todhy inportant: features in themadolagy
cf thear=a.

In gpite of the importance of the Hercynian
movenents in this montain range, there is no douot
thet the presat-day relief fams are related with the
alpine orogeny. This may have had a basically
griragericastimwhich cotrilbited tothe ydlift bth
of the mountain ranges of the Mardo ard the Alvéo.
Cnsequently, these twomountain ranges fnction ag
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Fig.1 - ILocalisation of the Serra do Mardo.
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Fig. 2 - Geological sketch mep of the Serra do Mardo.

a horst both in relation to the group of tectonic
depressians where the river Gorgo flows and also to
tregrabm of the river Threcp. Infact, theeffetsof the
arocayy are still tolke felt ard the neo-tectanics goes
macting o the presat relief fams (B, A., 1993,
1994) . Thet s, tectmic action cattinues to transfam
thar; thus it is a permerant risk thet must ke taken irto
accoant, rotably whenloui 1ding infrastructures suchas
roeds, railways, davs ard even houses.

Litholagy is ancther important science that can
explain sare relief fams thet are fard in the Mardo.
The different granitic rocks, for exanple, are
respmsible for the great rindoer of alveoli thet exist
there. Nomatter what their formard size are ar the
height at which they may be found, they are
udouictedly related to the di fferant types of granite.
They also accoat for a serdes of microforms such as
tars, block dhaos, “Wascas”, “careluras” which are
clearly camected with the gysical, chemical and
mireralagical deracteristics of these rodks.

The quartzite is a type of rock that has a goecial
importance in the morphology of the MarSo (Pars,
1993) in spite of beirg quite often foud in the ugper
parts of its slgoes. They are almost always found
halfway up the slapes, which canbe explained by the
actionof tectanics. Nevertheless, althnch this type of
quartzite cutcrogping is more exposed to erosive
proessesdetoits sitetion, iturbidedly aatribites
tothe fact thet thouch the ircliretion of the slapes is
always stesp the erosion acts more slowly.

Tn the schist aress there are several dgaressias of
this case the regilation of the slqees by dgaosits relared
to morphogenetic processes which tadk place in the

recent Quaternary and which were caused by the
freeze/thew action. 2As such, they carrespod to colder
climates, which are respansible for a very rapid
evalucim of the slaoes (Brotal) .

Qrigin of the deposits

Tre effects of the differat modooeticprosesses
vihich hegoenad in the past can anly be inferred fram
vestices thaet are still deservable rowedays: the slaoe
deoosits. It isrot alvays easy to interoret tham. May
have leen destroyed, thus provirg the existence of a
powerful morphogenetic action which is related to
colder clinetes in the carrse of the Qaternrary.

The deposits which were found are important
evidae of the ewoluticn of the slgpes, ot aily at a
hich altitide (Pars, A.,19%a) it also inareas at
lowaltitide inplaces near the coast (B, A, 1989,
1994c; Remio, F. & Parsa, A.,1993) .

Photo 1 - Schist slaee regularised by Quatermary deposits.
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The climate must then have been much more
unstable than it is nowwith terperatires that mede
cplifraction in situpeesible, aooeall inhiderplaces

The material must have been made transported
alaygthe slgesby gliflitim associatedwitha aold,
dry climate (Dumw, S., 1973; Remo, F. 1986; Cmrro,
A. R., 1986a; Barxm, A., 1993, ); it ispossible
to doserve the exdstence of aoiffes (Vams, B., 1984) .
Nevertheless, the above menticned movement must noc
havelbeen carried ot aily by the action of icelut also
oy means of nore ar less geeralised solifluctianss ar
evenby ddaris flows ard sheet floods. The exdstae of
palaecgullies may lead to the caclusion that there
vere laroer qaEntities of water, at least drdirgpert of
the year; this would meke possible the formetion of
gullies in thematerials acamilated at the foot of the
slopes by other morphogenetic progesses.

Thus, the acoumilation of materials alang the
slapes wauld have leen necessary for the famerian of
such palasogullies hut the morphogenetic processes
aould have been different . Aosolutely necessary for
their fametimwes, Towever, the altemetion of drier,
colder pericds with others which were danper and
hypothetically less cold (Bares, A.,1993) .

The palaeosols foud seam to indicate climetic
fluctuations during which the exdstence of colder
climetes, hypothetically drier, aatrastedwithperiads
of higher biostasis which might mesn that there were
hidrergantities of rainfall ad/armilder tanperatires.

The oldest deposit foud in the Mardo isprior to
28000 BP; it was possible to find a palaeosol that
fossilises it dating lack to 28440 +/- 490 BP. Tt ey
aorregpad to the so called Wrm IT (Baxs, A.,1993) .
Tt is a deposit with heteraretric dharacteristics,
praoably the result of the deposition of material
transparted by ddards flow, although the possibi lity of
its havirg resulted framglacial action isot tokeput
asice (Fig. 3).
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Fig. 3 - Stratigraghic colum of the superficial fometians in
the area of the Serra do Mardo.

After the deposition of theneterials thet famtlhet
deposit, the clinate may have evolved; it mey have
have been respansible for the pedogenesis ard the
appearance of the albove mentioned paleosoil. The
climate must have become slightly warmer in
aaperismwith the priar gase; this fact gavevay to
the pedogeresis ard the colanisatian of the slgees by
vegetation, meking them reach a dyramic equilibrium.

Iater o the clinate nust have turmed aoler, which
led to the formation of new slope deposits which
foesilisad the palasosoil. Due to the disagpearance of
the veoetation, the slqpes nust heve besnnore exposed
totle actim of fragretatimby the action of ice. The
aplysis of the dgoosits allows the doserver tocacude
that the mordhogenetic processes must have been ot
anlymess movarents of the solifluction typelut also
daris flows. Ad agpin aares a period of pedoogesis
which dates badk to aroud 21340 +/- 350 BP.

The rext gase carregpads to the influence of the
“Upper Wirmian Full Glaciation” (Pleniglaciar
Superior Wmiano) , the last glacial stage of the
Pleistooare. This gase was extrarely inportant inthe
ewlurim of the slgpes innarthem Rorticgl . Tn fact,
there is a large nnber of slaoe dgposits whose ardgin
istole fourd in thisperiad (Bxto?2) . The climetemist
have been cold and relatively dry because it is
respasible for the glifraction of the rodks Oy, S.,
1973; Remro, F., 1986; CwEro, A. R.,1986b; Remo,
F., & Paxm, A., 1993).

Tre aralysis of these deposits damanstrated thet
the main process of transportation alag the slaoes
was the action of the ice - eliflukion, furtherproved
by the existence of coiffes (Vaars, 1984) . Other
processes such as the action of gravity are, hovever,
ot tobe ignored. The study of the stratified slgoe
deposits does not exclude the possibility of other
movenents such as ddaris flows at least in sare parts
of theslqoes.

Photo 2 - Stratified slope deposit near Canparthd, where it is
possible to doserve paleogul lies.
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With the begirming of the Tardiglacial (CwEro,
A. R.,1990) the climate nmust have becare warmer ard
the rainfall heavier, which must have altered the
morphogenetic processes; now the most common are
those carected with the ruoff ard fluvial dyramics
Insteed of those related to the action of the dce.

Parallel to the significant novenatt of meterials
which ccarred in this periad there was an extensive
movement of materials resulting from prior
morphooenetic processes transported more by fluvial
actim thenby the actiomn of the iceard salifluctias in
periods of thawing. (Perosa, A.,1993) . They
axtrhiaed tothe fillirg of thebdttas of sellvallsys
ard the regularisation of a large part of the slgoes
(Remo, F., 1975; Remo, F. & Parom, A., 1993; Parom,
A., 1988, 1993) .

However, the climate warming verified at the
legiming of the Tardiglacial carrot have been linear
(Gure-Gaesy, G.,1981; Fwema, A. B., 1985; Rebelo,
F., 1985, 1986; Cmm, L., 1988; CrEmo, A. R.,
1986a, 1988) .Today the existence of at least three
marets in the last Tardiglacial are recognised My,
1966; Gumiay, 1962; Daway, 1973, 1978), with an
interphase and a rearraxe of avery cold, dryghase
(Jorn, 1980; Gmamom, 1989; Vimr-Lace, 1988) . In
fact, it seans thet the Tardiglacial is deracterissd by
the existance of several clinetic fctetias (Crew,
1990; Pedrosa, A., 19%4c) ; Mmms, 1999), amnfivmed
by the featires of the famation of Govelo doMatte.
About 11000 BP a new climatic crisis must have
occurred (GmEmo, A. R. , 1990; Guumv et al., 1978;
Geaor, 1984); it would have led not anly to the
coorrare of processes related tothe actimn of the ice
bt also to geeralisad solifluctians which ey have
caused the remixing of deposits formed by prior
orogesses.

Tt ispossible to fird a grest heterogmeity inthe
Tardiglacial deposits, which dgparnds an the exposure
of the slgpes, o their rodk substratimard an their
inclination (Pers, A., 1994b; Mwms, 1999) ; but
the fundamental factor must have been the snowfall
durringapart of the year ad its thewing in the warmer
period, whichwas prdoebly the tine of the heaviest
the solifluctions which were respaonsible for the
regilarisation of agrest part of the slgpes aswell as
the coorrence of slides egpecial ly extensive dgards
flows, whose marks can still be traced on the bottars
of trevalleys (Bto3) .

Howeer, it isrotpessible to firdmanire soils; the
mejarity are entisols ard are quidkly affected by stall
climatic changes. A new warming seems to have
reached its pesk by 8000 BP as it was possible to fird
1in the Mardo sare palaecsols which are aontenporary
with this period known as Holocene climetic gotimum.

= - AN T LN o AN - % s

Photo 3 - Tardiglacial deposit regularising great part of the
slopes of the Serra do Mardo.

Around 5000 BP when the sub-Boreal period began
(Gane, 1979) an increase in erosion must have taken
place; this increase is praeebly carectedwith a drp
in tenperatre as well as with sore himen activities,
egeecially the bumirng of lard to rerew the vegetatian
and dotain new pastureland, which would increase
the power of such erosion processes as runoff and
solash (Bar, A., 1993) . Solifluctians must alsohave
coarred insare parts of the slapes, aooveall inhiger
places facingrorth. In the Mardo the best exanple of
thisperiad is the fametion of Iareira.

Gravity slumping associated with a massive
axeelifraction of rocks may correspad to di fferant
cgeratias of these fome ar, at least, totleexdstaxe
of differat periads which activared their fameticnad
evwolutio. In the Mardo they are gereral ly foad at
heidhts superiar to 700mard are saretimes associated
with stesp inclines, egpecially an shady slgoes.
inportant phase in the ardgin of these fams nay have
Teen the dhort glacial age, which ccarred inthe 17th
ad 18th cantarries (Lmre, 1983) . Thisprocess is still
active nowadays in places situated on shady slopes
where the lare rock gppears an the surface without
any soil or vegetation covering it (B, A.,1993) .

The inportance of slope deposits for the presant
slope morphodynamics

The geanorphologic dynamics of the mountain
rarces of northem Rorticgl is very aanplex since oth
Interactim are diverse. Ben if aily theratiral agaits
are taken intoacoart, there is still the interactionof
several factars whose relative inportance vardes fram
region to regian ar even franplace toplace, meking
the active morphogeretic processes differant. Tt is
indigpensable to understand the behaviour of the
fundamental climatic elements - precipitation and
tarperature - to explain the action of the processes
which are respmsible far the presat evolutian of the
slaees, but it is alsonecessary to take into accoant
factors such as the lithology, the mordology, the
biogeogrady ard the surface fomatians.
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In these areas the fametion of gillies is clearly
aaditiaedby the existence of a slgoe dgocsit, which
works as a regulator because there are no trees or
quite oftenbecause men hes acted an this terrain.

The exanples that will now e given show clearly
whet hes just been said.

Tnduly 1992, araslaernssr thevillage of Paradela
doMmte (mnicipality of Santa Marta de Pereguiso)
there vas avery heavy shower. Unfartiretely, it ismot
recorded, owing to the stall geographic extensian of
the area s which it rained and the mn-exd stence of
pluviaretres, it it is estineted tolave readed valiues
very nearly 30 mmwhile it lasted (doout 1houar) ; in
axseguance, two biggullies gopeared (Poto4) .

Photo 4 - Gullying in the area of Paradela do Mote.

In July 1991 there had been a fire which had
aopletely destroyed the vegetation covering that
slape. Due to the altitide ard the incliratio of the
slope (30°), the growth of new vegetation is rather
slow. Thevivle slaee is regilarisadloy a dgposit which
in sare places is more than 2 meters thick. More or
less in the middle of the slape two tradks were qoared
a the slgoes to lay a systemof waterpipes. This was
the ladkgrouand in which the slope gullying becen. At
first the ruoff flowed alayg ae of the tracks and
formed gullies. Iater the drainage stageed flowing
alayg the tracks, turred in the direction of the stegoer
inclire ard farmed two gullies whose depth is clearly
conditioned by the depth of the deposit which
regularises the slope. As som as the water reached
the schists in situ the gully thalweg could ot becare
CGegper; it becare wider ard the water transparted the
slgee material which was not well ansolidated. Qe
of thamdespered a pre-exd sting gully while the other
darelqedat first parallel toaawll valley thet exdsted
an the slgee, later using anly its firmal part; asa
amnsequence, its thalweg became desper.

In July 1991 there had been a fire which had
ampletely destroyed the vegetation covering that
slape. Due to the altitide ad the incliratio of the

sloge (3(P), the growth of new vegetatio is rather
slow. Thewole slape is regularised by a deposit which
in sare places is more than 2 neters thidk. More ar
less in the middle of the slape two tracks were qoened
an the slgees to lay a systemof waterpipes. Thiswas
the backgrourd in which the slope qullyingbegen. A
first the nuoff flowed alag ae of the tracks and
formed qullies. ILater the drainage stogoed flowing
alagthe tracks, tumead in the divection of the stegoer
inclire ard famed two gullies whose dgoth is clearly
conditioned by the depth of the deposit which
regularises the slgee. As som as the water reached
the schists in situ the qully thalweg could not becore
degoer; it becare wider ard the water transported the
slape nmaterial which was not well ansolidated. Qe
of tham degpared a pre-exdisting gully while the ocher
deelgpedat first parallel toagwell valley thet existed
a the slope, later using anly its firal part; asa
amsequence, its thalweg became desper.

In order to calculate the quantity of material
transparted, the lagth, the width and depth of the two
gullies, theyweremeasired indifferent sectians. The
results of these measurarents were as follows: inae
of the gullies the volure of neterial transported was
about 465 while in the other it was a bit more:
doout 570w (Chart 1) . A1l this material must have
Teen transparted anly in the hort perdad of tine d g
which the rain pored down; ae of thegullieslasa
axe of dejection just above the roed (Bto 5), famed
by the coarserneterials, vhile thematerial transoorted
by the other crossed the road and ran down the slope
Chart 1- Dinensian and Volure of material transported by

tregillies.

Volume of transported

Length|  Width Depth material

max. [ min. | max. | min.
(m) [ (m) | (m) | (m)
Gully1| 160,7 | 26 | 03 | 25 | 0,1 465,8

(m)

(m?

Gully 1| 120,9 | 7,7 1 3 0,8 570,2

.‘k-.

B il

Photo 5 - Detail of the material deposited in the slope
aftergillyirg.
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The importance of mass movements

Mass nmoveents can have a greater or gmaller
anplexdty lecause they can ke the result of differat
processes which cen anly e idantified by anarglysis
of each individial case. Roughly spesking, they can
oo framthenovirg of awll irdividel perticles tothe
fall of big staes ard slovar fast floas.

However, these movaments carmot be explained
aly by adverse netearolagical caditians, asreither
heawy rainfallsrorall the lagperiads of precipitation
always give rise to soil novarents. Therefore, it is
recessary to lack far ather factars vihich acting taoether
meke it possible to explain the anset of the initial
movarent which causes the earth-flow .

In several recatt studies different authors (Remo,
2001; Parom, 1993, 1994a, 1994b, 2001; Parom,
Lorengo, Frrcuemras, 2001; Peorosa, Martmvs, 2001 ;
Prprosa, BaTEIRA, Soares, 1995; Prprosa, MaRQUES,
199%) have tried to systaretise the factars thet are of
grester inportance far the aset of these processes in
rorthem Rortugpl . Netural factars thet can influence
the occurrence of deoris flows and mess novements
heve been ansidered up to thismorat . Nevertheless,
factars related to humen interference are more and
more frequent. Sare are carected with the subdividing
of estates intoplats far tte b lding of hasses, oters
with the building of roads and railways which inply
extensive back filling (aterro) and excavation
(desaterro) of lard; these alter the canditions of
equilibriuman the slgoe arnd are respansible for the
ccamrEreqy, at least, for starting the initial process.

Humenkind has been a gearorphological agent
far a lag tine ard in this role is becoming more and
more inportant . Hoen influence creates “humenised
landscapes” which do not always safeguard the
peratian of the retiral processes ard thus aatrdbure
to sittatias which, left toretire, midt eventielly
happen but much, much later.

Tt isuuestiasble that many of these nmovarents
(ot anly the individsalised aes such as lardslides,
earth falls, mdflows, adsom, bt alsothose thet act
tagether) almost always hagoen afterperiads of heavy
rainfall which leave the soil, the alteratiomnentles
(martos ce alteracio) ard the slope deposits sabrated
arresr shration, soarestirgcaditios to initiate the
earth flow.

Besices, the infiltrarion resuilting franthe rairveter
activates the udergrard cirailation which saretimes
regoects famer palaectqpogradhiies, 1. e., famer awell
river valleys fossilised by slape deposits. The water
mareces totridklebetwemn the radk, littlearnct altered,
ard the overlying deposits. When these underground
flows are strang and are associated with the water
Infiltrated divedtly frantre rainfall, teyeanatribte
to the fluidity of the overlying deposits and, indoirng

0, to create caditians far their starting a movarent
which often extends downstream through flows
axtaining a higher ar aeller quartity of md.

Besides the lydroclinetic caditians, structiral
agpects oth litholagical ard tectanic are saretimes
fudarental factars, oftenplaying an inportant pert
intlet they cadition the type of novenert, its sizead
the exolution of the ares affected.

Qitedften it istheret of failtsad frachres thet
axtribites to facilitate the alteration of the radks ard
allows amore efficient infiltration of water which
reaches progressively desper levels and ends up by
meking the surface mess novarents easier.

The georardological factars are the nost varded
ard those that have more significant repercussions
when carected with other factars - ratiral ard huven.

Tre stegmess of the slgee is acthermodological
factor of great importance for the anset of mass
movarents. The above matianed authors goesk of stesp
inclines almost always superior to 30% as being ae
of the morphological factors decisive for the fast
exlurimof the slgpesad it isaeof the criterda et
may provide inportant elavents for the definitian of
aress of potatial risk.

Bresks in the slape, doove all wen they aatribute
to the increase of the incline downstream, are a local
factar resoosible far the warsenirng of the caditias
of the coourrence of movarents; because of that, they
deserve a goecial referance.

Besides the inclire, the famdf the slgpealsoplays
an inportat ert inthe aestionof caditias favaradle
to the develgarent of rocesses of slgoe evolutian.

Slope regulation by surface formations is
udodocedly ae of the factars that may aotrdluate ina
more decisive way to the develaarent of these mass
movarents, which according to their daracteristics
can lead tomovanents savetimes slow saretimes fast.
Thus, when the surface formetion carrespads to desp
alteration mentles, capable of absorbing large
quantities of water, it can lead to extensive mass
moeneats. nfac, thegreat thideess of thealteration
mantle ar of the dgposit favaurs the vater infiltratian;
the satiration point can thenbe readhed ard the soil
mey begin to collapse. The great dosorption power
may slow down the begimming of the movement and
Ioring aoaut its develqovant in stages over the corse
of several days.

Irother frequat sittation has to dowith the thin
slape deposits of the Qutermary, rich inargillaceass
material with a great capacity to dosarbwater, lying
a rocks vhich are little altered ard which quite often
act as anefficiat sliding surface. Tn the schist ad
quartzite areas of the montain ranges innorthem
Portucgl, this is ae of thenost efficient matral
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processes of slgee evolution. Tn fact, whenheavy rain
falls for lagperiads of tire a stesp slqpes reguilarisad
by slope deposits, mass novenents such as debris
Flows hagoen frequantly.

Debris flows in the Serra do Mardo

Debris flows are a frequent occurrence an the
slapes of theMerdo. They are related to the qentity of
rainfall, the stesp inclirarion of the slqpes ard doove
all to the regilarisation of the schist slopes by the
deposits of the Quatermary which have already been
maticed inthe frstpart of thispgeer. Infact, itism
aontact between the slape deposits arnd the bedrock

Infact, surface fametias astitutedby the slaoe
deposits of the Qetenrery allowthe infiltrationof the
rairmater that then flows throch the deposit meterdals
lut aoove all in the surface of aotact between them
ard the metasedinentary rodks, which owing to their
Impermesbility, lead to the acamilation ard flowof
the infiltratedvater. This, wen thepericd of rainfall is
layg, the fluidity of the oerlyirg deoositsnay incresss,
asirgtenpore.

In 1992 several debris flows occurred in
amnsequence of a lagpericd of precipitation (A.
Pedrosa, 1993) ; they hapoened near the villages of
Montes e PSvoa da Serra, whose slopes are steep
ard covered with trees; but the fundamental reasm
was the fact that they were regularised by deposits
(Protos 6ard 7).

Photo 6 — Garacteristics of the deoris flow of Bovea da Serra.

Later, in1997, after a fewvery rainy days, sare
more deoris flows ooourred in slopes with the same
deracteristics as those alreedy desardbed. This isthe
case of Rortal da Freita (Broto 8) and of Carvalheda
deRaixo (Photo 9) bothnear the village of Mottes.

Acpin in 2001, aftera lagperiad of rainfall, there
were dgaris flows down several slapes; all of themled
the sare daracteristics: a stegp inclirationard the
presaedf a arface fometicwitha thidkessof 1.5 /2
metreswhich regilarises the slapes. Tntlet sare year,
Tesides the ccarraxe of ddaris flows innewplaces,
there were also new movements in the locations of
previcus flows, suchas the aes in Bovoa da Serra ar
inMates.

Photo 8 — Detail of the place where the debris flow of Portal
da Freitabegan, whose failure is cdlearly related with the
aatact of the deposit with the bedrock.

Photo 9 - Deloris flow in Carvalhal de Baixo where it is
possible to doserve that the place of the flowbegan coincides
with slope are regularised by degposit.
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The ane that had the most serious consequences
happened place near Mesdo Frio (Volta Grande)
(Photo 10) . It reached road no N101 (Amarante —
Pesoda R&gua) , dragoing two cars that were driving
alay it and causing the death of ae of the drivers.
This exanple shows clearly the risk of huilding roeds
a the foot of slaees with the deracteristics thet heve
loeen descriloed because processes of rapid dhange in
the deracteristics of the slgpes often ccor inthese
ciramstances, leading toagreater instaoility of the
recplithmeterials thet regilarise the slaee.

Photo 10 - Location of the occourrence of the deoris flow of
Volta Grande which affected road N101 and dragged two
cars causing ane death among the car occupents.

Cnclusion

Trebdeviar of clinetic elamaits is inportant far
the uderstardirg of the mordooeretic processes. Tre
arelysis of such elamats carot anfire itself tothe
mean values because it is important to know their
variation, not anly during ane year hut also over a
larger ninbeer of years, especially anaccount of the
amsequences that that variation may have on the
morphogenetic processes (Remo, 1983; Brawr,1991;
Farires, 1991) .

Mass movarents do not always coincide with the
day of the heaviest rainfall; quite oftentheyccar an
days mwhich the precipitation is scarce ar evennm-
existent. So it is indispensable to doserve the
pluviaretricvalues of periads further franthe day an
which the movament ocourred. Althouch there may be
a relationship between the coourrence of very heavy
rainfall and the occurrence of movements the
prolaging of heavy rain over meny days causes soil
saturation (Fiasmer, 1989) . Thus, inareaswith larce
gatities of argillaceasneterial the relatiaodhiipaf
heawvy rainfall to esrthf lovmovarent isrot sodirect,
lecause its water aosorption capacity is very hidgh,
which retards the coarrace of the slip.

ZArother inportant factor in the dynamics of the
morphooenetic processes is morpghology. Thus, when

ane goes fram steeper slopes to gentler anes, ane
may observe the deceleration of the erosion
processes in favour of processes of acaumilation of
materials (Yorz, 1969) .

Slope inclinations have great influence an the
dyrnanics of ary present-day morphogenetic process;
therefare, it isaneerpresat factar intteaslysisad
understanding of the morphogenetic processes arnd
theiraddon.

M the slgoes an which these flows cocarred the
meen inclination varies between 3(° ard 4 which is
an inportant elarat in the aset of the wole process.
Insareplacss tregradiat isevenhider: fareaple,
near Bovea da Serra the mean slape incliration is over
4(°. However, near the scars in the place where the
deoris flowbegen the argle is over 60°.

Bt arttedlgesof theMardo it is the fact tret they
insize thet facilitates the infiltratrionof mairvetereen
an stesp slapes. The water reaches quidkly the plare
of contact with the bedrock, which is relatively
inmpermesble. That is where the rupture ocoauars which
allows the dgards flow tolegin.

The study of the present mordhoogenetic processes
ey aatribute to knowledoe abaut the retural hezards
(Memrmv, 1987; Remmo, 1991b, 1994; Brvar, 1991) .
Knowing the elarents that interact an the slopes is
fundamental ; they nust be understood frana dynamic
point of view, distinguishingbetween the mejor ard
theminor factars.

The geomorphologist must know as deeply as
possible the cobinations and ways in which these
factars act. But although it is possible tonep areas
where landslides may take place, the farecast of the
occurrence of such phenarena is based merely ana
praoebility and not an a precise imication both in
time and in space.

However, the study of a growing runber of cases
related to specific modhogeetic processes mekes it
possible to get a desper insight into the way these
processes qoerare, whichwill eeble the athorities to
mitigate their harmful aonsequences, toestablisha
scale of risks ard drawneps showing the vulnerable
aress in the lardscape.
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