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RESUMO

O terramoto de 1 de Novarbro de 1755 amtirua a ser o neis poderoso e destrutivo que afectou a Buropa.
Ppesar ce ter ficado associado a Lidooa, ura das mais inportantes cidades elrgpeias nessa §ooca, este sismo
originou umnirero de vitines e um cendrio de destruicio igual, sendo mesno superior, no Algarve, axe a
intensidade sismica fol estimada ean IX-X na escala de Mercalli . Alguns miriiros dgpois un tsurani. aumerntol a
dimensgo da catastrofe. Recorrendo a témicas sinples de similacio, estimaram-se os potenciais inpactes ca
repeticio nos nossos dias de um tsunami semelhante ao de 1755, na drea de Portingo.

Palavras chave: Sigrode 1755, tsunani, Algarve, catastrofe, similacto, sistamas de infamecto geografica
(SIG) , planeamento de energéncia, avaliagio de inpactes.

ABSTRACT

The Novenber 1st 1755 earthquake ramains the nost powerful ard destructive to hit Bwaee so far. Although
Frequently associated with the city of Lishm, this eartloueke caused sinti lar ar grester darege arnd casualties in
the sauttmest of the Algarve, where the seigmic intensity was estimated at IX-XMercalli Trtensity Scale. Sare
mintes later, atsuen increasad the dimension of the disaster. Using sinple tedmiques of similation, we estimared
the potential impacts of the coorreance of a similar event to the 1755 tsunami rowedays in Rortingo.

Key words: 1755 earthouake, tsunami, Algarve, disaster, similation, GIS, emergency plaming, impacts
assesgEet.

RESUME

Le séigre du lexr Novendore 1755 est jusqu'aumarent le plus destructif a affecter 1'Burgee. Malgré associé
souvert a la ville de Lisbare, le séigre a provoqué domeges, senblables oumére plus grards, dans le sud-
aest de 1'Algarve, ol 1'intensité séianique estiné est de IX-X dans 1'édelle deMeralli. Qelqesnintes gues
le SAigre, un raz ce nerée a augrenté la dimensian e 1a catastraghe. Fnutilisant des tedmiques de similation
nous vaulans &aluer les anséquances ée 1'ooorrence ajourd'hul d'un ghénonére parei 1 aude 1755 & Rortingo.

Mots clé: SEigre de 1755, raz denarée, Alcarve, catastrade, similatian, SIG, planification d'érergence,
&rlustion de GEfts.
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InbrodctHo

The 1755 earthqueke, which reached a megnitude
of 8.5, ramins thencst powerful ad destructive tohit
Barope so far. Withinmintes, mery 1ives were lost,
populations displaced, livelihoods, homes and
Infrastnctres were destroyed.

Shortly after the eartihgueke, a tsuram increased
the death toll ard the amount of demege. The tsurami
hit both coasts of the Nerth Atlantic. Tt reached the
London harbour ard it is reported fromNorway, as
well as fram the African coast. However, the nore
destructive darege occarred in the Bortuguese acast,
sauth fromLisbon, in the Moroocan coast ard in the
Gulf of Cadiz. The downtown of Lisbon was hit by
waves 6 meters high and at Cape S3o Vicente
(Souttwest of Rartugrl) the nn-up heidht, evaluated
fromhistorical data, was greater than 15 nmeters
(Baprism et al., 1998) . The data from Spain and
Moroooo reported waves greater than 10 meters hich.
In the Spenish aoastal towns of Huelva ard Cadiz the
tsunani wes also violatt ard the greatest part of the
estimated 2, 000 victims was due to the tsurami, which
was known as the “maremoto de Cadiz” (Mmrrnez
Sorares and Lopez Arrovo, 2004 ) .

The 1755 earthquake marked a significant
milestae in the way Rortuguese society perasived ot
anly this type of geological phenomenm bt also the
Suosequartt disaster respmse. Thraghout Brape, the
disaster was vigorously explained by Fnlighterment
philosodhers as a natural phenarenm that couldbe
scientifically uderstood rather then an Act of God
tret sened aily toprish the sinfill . lnaatrast, adeply
religiaus Portiguese society was willing to ansider
the esrthgeke as G’ s pnihment. Facirg stiff social
qopcsition tomiticpre this perceived pnishent Prine
Minister Sebastido José de Carvallo e Melo, later
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made Marquis of Pombal, launched a disaster
response gperation that was extrarely aoplex for
the time. The qoeraticwes set up despite the lack of
socio-political experience in dealingwith suchan
uprecedented disaster and the non exd stence of ary
were to bury the dead in the face of threatening
epidamics ard to take care of the living by means of
food ard shelter, the Marquis of Ponbal preserved
pilicader, allomted awarkfaree far recastrudtian,
ard relainched the Portuguese ecanamy both at the
microeconomic and macroeconomic scales. The
recastructicn effart followed an assesavent of ssveral
possible reamstruction models ard the search for
strmuctural messures of hezardmitication.

Although frequently associated with the city of
Lighm the 1755 eartiqueke caused similar ar greater
caree ard casuelties, inthe soutdwest of the Alcare,
where the seigmic intensity was estinated TX-X Mercal 11
Intensity Scale (Sams, 1919; Bwrsm et al., 1998;
CGesmr, 2001) .

Tt is arpupose to delintitate the area flaoded oy
the 1755 tarami. in themnicipal ity of Rartingo, which
was ae of the most devastated in the Algarve, ard to
assess the inpacts of the coarrace of a similar vt
rowadays. The study area correspads to a coastal
stripwel 1 delimited, extading franviver Alvar to river
Irace. Tt is deracterised oy an averace altiticde of 25
meters high, the highest point being at 71 meters,
displaying gentle slgpes, with the excsption of sore
cliffs inthe area of PraiadaRoda (Figrel) .

We want to show that the determination of the
flooded area is an important instrurent not anly in
terms of disaster preparedness but also for the
integration of mitigation measures in the strategy of
develgorent ard lard plaming of the coastal area.

JLovin Tanvira Vila Real de
Y, Sto Amdnio
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+"iha de Tavira

& Faro Iiha e Amana

Figure 1 - Tre localisation of the municipality of Rartingo.
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Data and methodology

Taking into cansideration that the earthqueke
ooaurred in 1755, the devastation is well docurented
inegravings, reparts innewspapers of the time, ad
letters betwaen several distinguished peple. Prime
Minister Melo ardered a survey to e answered by the
priests of all parishes of the contry, ko as the
Marquis of Pombal Survey, which contributed
immensely to a scientific amalysis of the disaster
respmee. In fact, this survey is extranely scietific
axsiderirng it was written in the 18th cary. Framit
we can identify the movatt the esrthgueke started ard
how lag it lasted aswell as the extension of the area
affected; daracteristics of the event ard gysical
Inpacts including aftershodks, directionof thewaves,
disaster respose ard recovery efforts. Two of the
questians fooused specifically an tsunani* . This was
ot aily an inportant: intervartian at thepolitical level
it it alsowes a significat initiative frana sciatific
perspective. The doservation network that was thus
established to doament the effects of the eartigueke
was therefare extranely extensive and specific (Boon
and Riarrs, 2005) .

Arother fundamental source is the Dicianario
Gaografico [Geographical Dictiaary] which cattains
vital informetion regarding several aspects of the
geography of the Kingdom of Portugal in the 18th
aantry. Althouch the process of collecting infametion
by sadirgthe swvey totheprests, of all thepardishes,
e in 1721, several praolars mece it necessary to
serd a new survey in 1758 (Csm et al. 2005) . The
questiamaire included a questiar regarding the
devastation level caused by the earthqueke ard the
state of arret recostnction. Despite the fact thet it
did ot include a question directly related with the
tsuani, the priestsmatiaed, intheir answers, the
damege caused by the phenarenon. This survey is
muchmore limited for the study of the 1755 eartihguske
then the earlier Marquis of Ronbal Survey, hut the
answers to the latest regprding the Sauth of Rortigal
rarein uknown. For this reasm the main sugport of
auxr research is the Diciadrio Geograficoof 1758.

Tre infametio collected inhistarical doaurets
abaut the height of the waves and the extension of
peretration of the tsunami an lard provided alase to
the delimitation of the flooded area. However, we are

The questians famulated are the fol lowing: SthDid younotice whet hagpened
tothe s, tofartainsadtorivers ?; 6thDid the sea risear fall first, adhow

Tre familatio of qestion 26 of part T is: IF the parish suffered daveges caused
by the 1755 eartheke, viat vhere they ard if they have been repaired? The
qestion 27 of part T of the srvey suopests thet it souldberetriced everything
Inportant not aatenplated in this questiaraire (27th Ard everythingelse
warthy of marory, rot axtenplated in this qestiaraire.) . Thisqestimvas
ey sove priests torefer the taurami as trepriest of Brkrs (AladoRiso) did.

ot ettirely sure of the exact coastal morghology of
the time, so0it ispartiailarly inportant todetamire the
location of drdhes ard other buildings dameged by
the force of the waves, inside of which the mexdmm
heidht of the water is known, inarder tovalicate ar
methodology. A good exanple is the Igreja da
Misericdrdia, located tenmeters above sea level . The
water, inside thishuildirg, issaidtoheve readed2.64
meters hich. So the heidht of the wave was determined
Iased in three types of information: historical
descriprion of thewave heigt, extarnsionof pestyation
of the tsuami. and reports of destroyed ui 1dinos.
Also inportant wes the Digital TerrainMode (OIM)
it for themmnicipal ity of Ratingo. The determiretion
of the flooded area dgpards an the accuracy of this
model. The DIM was built based in topographic
infametianat 1/5000 scale, requlting ina Triargdlated
Trregilar Network.
the wave in certain aress of the mnicipality, weused
the analysis capacity of Geographical Informetion
Systans tedrolagy to detarmire the area likely tohave
Ieen flooded in the 1755 tsunam . The next step was
arces-referacirg this infametimwith the aryent cata
available regarding population, built-up area, ad
equiprents using overlay gperations in order to
evaluete the inpacts of a tsuan similar tothe aeof
1755, nowadays .

InRatuepl the Algarve isaeof the regiasest
susacible to the aoarraxe of eartlgekes. The fivst
known earthgueke tohave been felt in the Algarve dates
Teck fran 63 B.C. (Qnem, 1986), it over the canturdes
cther evats mare ar less intense leve ccorred inthet
area (THolel) .

Intle 18thaanry three eartlg ekes hit the Alcgre
causing great destruction. The 1719 earthguake had
its epicantre offf the aoast of Rortingo ard readhed an
estimared megnitude of 7. The 1722 earthguake, with
aprdeble epicattre off the city of Tavira caused grest
darege in the villages of Rortingo, Alhufeira, Ioulé
ard in the cities of Faro and Tavira causing mery
Ceaths ard the ruin of dhurdes, cawvats, wall towers,
and uncountable houses, which were left aarpletely
destroyed and uninhebitable (@rmo Histdrico, Tomo
TIT. f1.46, apudSousa, 1915).

The 1755 earthquake was even more destructive
then the previcus aes, being axsidered the grestest
eartlgske of the etire Gristian era tohave ccorred
in the Algarve (@sm et al. 2005) . This earthqueke
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caused a hich death toll. The praogble rindoer of more
than 1,000 deceased in all of the Algarve to an
estimated population of 80,000 inhebitants clearly
reveals the violenee of the earthqueke ard suiosequant
tsunami which ccourred in this region (Gsm et al,
2005) . Nevertheless, in sare local camunities the
proportion of deceased was mxch higher, for instance
inAlhufeira ard Baliqueine, affecting, regpactively,
10% and 7% of the inhabitants (Sam, 1919) .

Inthe latter thenejarity of the desths resulted fram
the eartlgeke, unlike Allufeira where themejardity of
the pooulation died as a aonsequence of the tsunan .
Here, fewwere the houses that were left standing ard
those which resisted were uninhabitable; the sea
flooded the lard by the outskirts of the village and
washed aut the Bairro de Santa Ama, which had seven
strests, admay other hases without sionof thevater
flux ard reflux ar of the houses location (Diciaério
Geografico, 1758) .

Tnother aress the desth tall wes ot ashichlut the
destruction was nonetheless enormous. For exanple
in Vila do Bispo, although only 13 pecple died
(Relagam, 1755) the village was devastated by the
1755 eertilgeke, sinceall houses, exot farae, were
inruins. The hareless popdlation hed to 1ive autdoors
inaoldwesther dgorived of the supdlies they ted stared,
lost uder the ruins of the sare earthgueke (Diciaério
Geagrafico, 1758) . Alsoall the hauses of thevillage

Table 1 - The greatest earthouskes in Algarve.

Estimated Occurrence of
Date Latitude | Longitud Magnitude 1 Tsunami
[ Prabably a tsunami
B.C. 63 ISO0N | 107W 8.5 {Oliveira, 1985)
B.C. 47 - | - 8.5
B.C. 33 - | - 9.0
309 J7ZO0N | 1IW 7.0
There was a tsunami
382 365N | 95W 7.5 (Brite, 1597)
1309 360N 11.0W 7.0
1353 387 N B.4W 6.0
1356 J6O0N | 107 W 7.5
1504 BN | 56W 7.0
1531 3895N | 90W Fell
1587 371N | BOW 6.0
1719 371N | BSW 7.0
1722 JO6FN | TOW 7.0 Tsunami
1755 370N | 105W 8.5 Tsunomi
1856 371N | BOW 6.0
1858 382N | 9.0W 6.0
1909 IBIN | BBW 7.é
1910 JBEN | 7SW 6.0
1915 370N | 105W 6.6
1941 360N 10.5 W 6.0 Tsunami- intensity |
1969 362N 10.6 W 7.5 Tsunami - intensity Il

Source: MARTINS & MENDES VICTOR, 2001.

aWe should point aut thet the estimeted megnitude and epicantre lomalisarion
recorded in the catalages sould ke axsidered asmerely irdicative (Qliveira,
1986, p.133).

b Tre esrtigeke epicantre is kown toheve been of feare it the exact: location
renains a aatroversial addEated isse. Treplate tectanics of the ragiare
amplex, ard there are several proposals of tectanic sources far the 1755
earthgeke (Jdrstan, 19%; Zitellire et al., 2001; Gosta et al., 2005; Mirada
etal., 2005; Qitsdher, 2004, 2005) .

of Aljezur were in ruins, the taller aes aapletely
destroyed, as were the castle ard the main durch
(Loms, 1841) .

The city of Lagos was arother of the most affected.
In the parishof SSo Saastizoall thehouses of the city
were in ruins ard in the ettire parish anly a fevae-
storey houses were left starding. In this parish 95
pepleperished, sareuder the ruins, others takenloy
the sea. Rurthermore in the pardsh of Santa Merdanare
then 100 pegple died, not tomentio the people who
were gpanding the day avay fram the city, whichwere
merty, given that this was a holiday (Dicionario
Geogréfico, 1758) .

After 1755 other esrtlgskes have leen felt inthis
regian, ot Iudd ly withmuch Iower negnitice. Arecent
earthqueke that hit the Alggrve in the naoming of 12th
of February 2007 measuring 5.8 an the Richter scale
alerted to the risk thet the coorrace of earthgekes
represants to this region and reminded the inportance
of disaster praparediess.

The 1755 tsunami in the Algarve

Sare mirutes after the earthquake’, the coast of
the Algarve was swallowed by a tsunam, which caused
a great ninboer of deaths ard vast destruction. Alayg
the coast several fidemenwere fishing, despite the
holiness of the day; ut those unfortinate fishermen
were all killed by the powerful waves (Csro, 1786) .

The 1755 tsunan. was not an urprecedanted evant.
Infact, there are referaes totaramis caussd by other
eartlgekes which hit the Alcarve. A fewyears earlier,
in Decenber 27th, 1722, there was also a tsunami
although its effects were anly felt locally (Sam,
1915) .The historical docurents testify to some
perplexity ad lack of knowledoe inpeple’ s reaction
to the 1755 tsunami which aontributed to a greater
runber of deaths in the coastal comunities, as it
hepeered for instance with the great mejarity of the
irtebitarnts of the village of Allufeira, losstedantle
top of a rock, who went down to the beach to find
shelterkelievirg the area toke safe. Trewaterhit the
each ard swallowed themall (Csmo, 1786) .

But the intensity of 1755 tsunami was enormous.
Tre sea recaded inparts more then 36 neters, exposirg
thebeadres; ard hitting lardwith such impetus, ranwp
inlard over Skm, togoing the highest rocks; it then
receded again and hitting lard for three times ina
matter of minutes, dragging in the flux arnd reflux
eomassnesses of cliffs adbuildirgs; ad dsvestating
alnest all the acastal populatians (Lass, 1841) .

*Acoording to Lopes (1841) the tsunami coourred 6 to 7 mirutes after the
esrtihgeke. Batistaet al (1998) presants anestineted time of 7 to 16 minutes
for the Gabo de So Vicante.



territorium 14

Althoch the effects of the tsuram were felt acress
the coest of the Algarve, it wespartiadlarly destnuctive
inthewestempeart of the region. Tn fact franQerteira
to Lagos its aonsequeances were dreadful ; with great
rundoer of fatalities and damege of properties. It
swallowed Armacio de Péra, the outskirts of Vila
Nova de Portimdo and all the low-lying
reighbarhoods of the city of Lagos (Relagam, 1756) .
In Quarteira, a fishing comunity, 87 adults and
children drowned (OmeEma, 1905) . The sea rose up
SO merty meters over its surface that flooded mery
fields, ardwhen it receded it tack apart of the fortyess
ad the etire village of Allufeira, leavirg inthewood
a large amount of fish (Mama, 1758) .

Lopes (1841) descrdbes that inTages the sea rose
up to 11 meters nearly togoing the city’ swall; and
washed away all the houses between the coast and
the city’ swall. Tt advanced inlard over 2.5 kmtaking
with it 5hcats alnest to the sare distance. Thepriest
of Santa Maria parish reported thet the sea destroyed
part of the fartress wall and rose more then 7 meters
high (Roam, 1991) . In Armagdo de Péra the sea
also advanced over 2.5 km, flooding everything
(Loms, 1841) .

Tn the villace of Sagres the sea rose wonore then
6.6 meters an the beach ard in the cliffs aroud the
leach there are records of waves 26.4 meters hidh,
and run up inlard over 2.5 km (Sam, 1919) . The sea
touched the fartress of Beliche located at 66meters
(Lapes, 1841) . Inother losmtias the influace of the
tsunami advanced up the rivers and was felt at
distances of more then 2.5 kmwith an estineted height
between 11 arnd 13 meters (Loms, 1841) .

M the eastem acest: the effects of the tsuremi were
ot sodestuctive. Inthe river of Tavira thewater soreed
geert, insuchaway thet a caravel thet was sailing in
the river was left s dry lard far a layg time allowing
the crew to leave the boat on foot (Memm, 1758) .
The waves washed away the hutes in the beach of Maite
Goardo, inwvhich fishwas traded also in Gneei¢iode
Tavira and swellowed all the islards alay the coast
up to the beach of Quarteira cpening awful nmouths,
it preservirgnerciful ly the locality of Olhdoad the
city of Faro (Relagam, 1756) . The little cavece suffered
by Faro and OlhSo (Relagam, 1756) is not entirely
explained by a greater distance fram the epicentre.
Here the state of the tide and geanorphological
axfigrationof the coestlire were cnucial factars. The
sard islands located ridght in frant of these towns are
supposed to have lessened the inpact of the wave an
theee aress. nreality, the caacity of a tsurami toflaod
ard destroy depards larcely yom the arplituide (wave
height) and wavelergth where they are generated but
these parareters are also goverred by the interaction
with sea-floars ard the madolagy of the aoastal strip
the marent the tsunami hits (@smet al., 2005) .

The elevated intensity of the tsunami is also
confirmed by the geological records in several
locatians in the Algarve. Qe of themost inportant is
Boca do Rio which allows us to aancluce thet the 1755
tsunami wes both erosiaal and degpositiaal and did
ot transport: significant amounts of sedinet franthe
offshore zae, but rather redeposited material from
eadhes ard dres, soils ad estarire silts ard clays
(Csmr, 2001) .

Although the retum period of an event with the
intensity of the 1755 eartlgeke isvery large, we Sould
poirnt aut thet the tide gauge of Lagos recarded alvesdy
in the 20th century two tsunamis: ane an the 25th
Novenber 1941 measuring I and another on 28th
February 1969 measuring IT, both of which in the
Ngree.

In 1755 run-up heights referred in historical
acoounts were variable at similar distances franthe
epicentre. No doubt sare of this variance reflects
of ae=t, nn-wpheidit isa reesaebly wel 1 axstrained
perareter in the histarical record Mams et al., 199) .
Tre anfigration of the acast, stateof the tide, ad
offhore ethynetry are also crucial factars.

The case-study of Portiméo: historical data
aelysis

The mmnicipality of Portinmdo comprises the
freguesias (parishes) of Alvor, Portimdo and
Mexd 1hoeira Grande. The earthquake reached the
Intensity VITT Mercal 11 Tntensity Scale inMed lhoeiva
Grande and X in Alvor and Portimdo (Sam, 1919,
Geser, 2001) .

2Acoorditg tohistarical referances inAlvar the sea
inundated 660 meters inlarnd, nearly reaching houses
at 30 meters high. The chapel of Nossa Senhora da
Ajuda, located on the beach by the harbour, was
campletely destroyed leaving no traces of its
foundations (Loms, 1841) . The sea washed away
fishermen wo were pulling theirrets. (Sam, 1919) .

Trevillage of RatinBowas aeof the lamlitiesof
the Algarve which suffered the most with the 1755
earthgueke (Diciandrio Geografico, 1758) ard it was
alsovery mxh affected by the tsurami. In Rartingo 6
people died under the ruins and 40 pecple drowned,
15 of which were ferale and 19 children (Livrode
Gbitos de Portingo apud Sausa, 1919) .

Inthe fraguesiaof Rartingo the sea flowed inlard,
exoeeding the ratural barriers, in sare areas nore
then 880 meters, devastating the salt pads of this
village. Since then o salt has been produced there
(Dicionario Geografico, 1758) . The harbour of
Portimdo forms a great mouth berthed between two
largeracks, infrat of vhichare the fartresses of Sata
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Catarira ad SSo Jo. Tre first of the twowas severely
dareged (Diciandrio Geografico, 1758) ard the latest
was carpletely washed out (Loms, 1841) .

Through the village of Portimdo flowed
successively amazing waves, which advanced over
Skmup the river. As the waves advanced everything
to such great distance that it was not possible to
of the village, destroyirgall the houses ard drowning
mery pecple, which had sought refuge in the river
banks (Casmo, 1786) .

In the parish of Mexilhoeira the dameges were
contact with the sea. The dameges caused by the
tsunami resulted fram the advance of the waves up
the River Alvor ard other araller water coarses, but

MEXILHOEIRA GRANDE
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Figure 3 - The water height in 1755
teurami: irvertedmodel .
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nothing worse mentioning happened (Dicionario
Geografico, 1758) .

Fraom the accoants about the heidht of the wave we
verdfy thet near the aoast it must leve gt to 20 neters
hich. Tt is said thet thevateralnest reeded thevillae
of Alvor which is located between 20 to 30 meters
above sea level, reaching the Fortress of Santa
CGatarira (20 meters) . The city of Rartingo is pratected
by the rocks of Praia daRods, soit isprdeeble that
the wave did not reach the height of 20 meters. The
Igreja da Misericdrdia is the main source for the
detemiretion of thewave heidt (Figre?2) .

Aspreviously referred this duiwch is located 10
meters above sea and the water rose 2.64 neters inside
the building. Another huilding, the Gawvento de SSo
Francisoo located, gooradnetely, 7 metres aoove the
sea, was ampletely destroyed. These references were

Figure 2 - Histarical buildings location and the
delimitation of the flooded area Inmunicipality of
Portingo as a consequence of the 1755 tsunami .

Igreja da Misericordia
(10 meters)

Convento S, Francisco
{ 7 meters)
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integrated in the mep over the Digital Terrain Model
(OIV) . According tohistarical sources the height of
12 eters was axsidered a relisble heidht formest of
thewave it it ispossible thet in awell aress the wave
could have reached higher heights as it happened in
Fartress of Santa Gatardre locared ana cliff edee.

Based in the DIV, the larnds with altitude below
12 meters and near the coast had been identified,
eliminating isolated areas surrounded by lands
higher than 12 meters, producing a new DIM of the
wave heidht (irverted) ard in a polygm the flooded
area (Figare 3) .

The impacts of the 1755 tsunami nowadays

The flooded area should have amounted to 23.75
Krt, 13% of the total surface of themmnicipality. Zn
extension explained by the fact that this isa sardy
coast with a reduced runboer of cliffs and by the
existence of two rivers, ratural bourndaries of the
mricipality, servirgashallways allowing the advance
of the waves.

Since 1755, two key factors have increased the
vulnerability in PortimBo mmicipality. Seaside
settlanat isro lager solelylased an livelihood it
on urbanization and tourism associated with the
attradtion of ejoyirg livirgard halidayirg literally in
frar of thes=a.
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Figure 4 - Rypulation density in Rortingommicigality.

Nowedays, the potentially flooded area would
put at risk, aporaximately, 21,845 inhabitants,
according to 2001 Census data. The advance of a
12 meters wave Up River Arade would affect without
a doubt the low area of Portiméo, where the most
densely papulated areas (vore then 300 inhebitants/
ha) are located (Figure 4) . Here the population
affected would amount to approximately 18,303
inhebitants. Tn the others pardishes less intebitants
wauld be in danger: 2,403 inhabitants in Alvor and
1,139 irhebitants inMedlhoeira.

Since Portingo is an area where tourism is the
most inportant econamic activity, we can conclude
that the population at risk would actually ke much
higher. Although there is 1o statistical reaad of the
tenporary population ard it vardes travedously drdng
the year, if we take into axsideration the water ard
eledricity coyanption incertain ssasas, it ispeesible
to say that the population dodoles in sare perdads.

We estimete that appraxdmately 5,000 buildings
wauld ke affected, mary of which would ke destroyed
ar severely daneged, including hotels. However, the
wilrershility of thehotel units ishidhlyvarisblead tie
units located inthe low-lyirgrerts of the city of Rytingo
wouldbe the most sericusly affected. We idatified 67
hatels, of which 26 are located in the potartial ly flooded
area (Figre 5) .Thenewest resarts are located inhidhly
susceptible areas, as it is the case of the hotel,
restaurants ardnerine built in themouth of the River
Arace, whichwould represatt the first strucire tobe
struck by the waves of a tsuam. (Boto1) .

Tnadisaster sitarim, the meregaratt of resae
means ard security foroes is essential. Fromour
aslysis, it ispossible tocachre thet intheestadlided
sorario the sucres of civil protectimn agents wauld
1ot be severely dareged (Figure 6) . Qnly the police
heedquerter is lamted inapotatial floodedarealot
fre-figterlbricpdes ad other searity fareswill ot
ke affeted.

Wen axsicerirg the health facilities, the primery
care health centres would be affected but not the
hospitals. Also located in the potential flooded area
are the prism, ard the local building of Red Cross.

The aercdrare, important equipment allowing
easy access of rescue means or the evacuation of
irtebitants, islosted in fregesia de Alvar inanarea
easily affedted, since it is lostedat abeidt of Smetres
ada thelkark of the Alvar River, yowhich the tsurneni
would advance.

In addition, the road network itself would be
severely affected ard sigi Ficart stretches of essertial
regianl routes wadld either ke flooded ar destroyed.
The determination of the rautes potencially affected
ard the rautes possible tobe usad in case of accidat
isvital both for the evacuation ard rescue of the

pooulatians affected.
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Figure 5- Hotels affected by a potential tsunami similar to the
1755 are in freguesia of Portingo.

We can thus conclude that faced with a tsunami
similar to the 1755 event, the region would be
amnsiderably depardent an extenal resaue means.

These analyses help us to demonstrate the
poulation’ s exposure to risk and the wrgent need to
develop protection mechenians, including a greater
attention to lardmerecamatt effarts, egoeciallyas far
as the lomtim of priarity equiprat is caxemed, bt
also the establishment of aluilding aode, because if
there have been tsunanmis in the Algarve in the past,
aother taran caldooarr in the region in the fubire.
They are a sumerised description of the virtuosity of
aur agoroach to arergency plaming, althouh it is
alsopossible to inchude ather vardables such as, water
and electricity infra-structures. Also we could
necessari ly inprove the quantitative agorcach.

Cnclusion

In the Souttmest part of Alcgarve the waves were
higher then in Lisbon ard the flooded area was much
larcer. Althouch the averace reim periad of a tsurami.
similar to the ae thet hit the Algarve in 1755 isvery
grest, pracebly greater thaen 1000 years, it ey ccor
at any time provided thet the seigmic soree is toally
arpartially locared in the sea ard thet the megnitice
measures nore than 7.5 (Gsm et al., 2005) . In that
case a tsunami would rapidly arrive, meaning that a
quick percsption and reaction would be necessary
tominimise the damages. In the 1755 event it is

\ L] Equipments

Flooded Area

0

0 100 200
— T

Figure 6- Institutians:1 - Rartingo Private Hospital , 2 - Alvar Health Gatre, 3 - Ridlic Health Gatre
(SSP), 4 - Public Health Centre, 5 - Rortingo Misericdrdia Hogpital, 6 - Red Cross, 7 - Natiamal
Repiblican @Gerd (QR), 8 - Rartindo Volunteer Fire-fidhter Association, 9 - Rolice Force (BSP), 10
- Water and Residues Carparty, 11 - Prismn, 12 - Reverue Payments Office, 13 - Reverne Office,
14 - Civil Registration Office, 15 - Erployment Office, 16 - Rortingo Local Goverrmentt, 17 - Cape
Verde Consulate, 18 - Sweden/Iosland Consulate, 19 - Crimiral Folice, 20 - Rortugal Telecam, 21
- City Hall, 22 - Graveyard, 23 - Mmnicipal Bolice, 24 - Rerodrare.
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supposed that the tsunami arrival time was 7+16
mirnutes (Beersm et al., 1998, 2005) . Thus, the
delimitation of the flooded area is an inportant taol
for erergency plarmirg.

Tt isdovicus tet the similatio we presat here is
valid for an earthqueke with the sare megnitude and
tectanic source of the 1755 event . Of course, other
earthguekes with offshore epicentre but different
megnitude and location will lead to distinct flood
heidits ad inrdeted areas. Tn fact, the 28th Fanary
1969 earthquake with a magnitude of 7.5 (Mewms
and Mawes- Virr. , 2001) or 7.9 (Beersm et al. 1998)
ard epicentre at the Horseshoe Abyssal plain, sauth
of Gorringe Bank (Fwo, 1973) generated a tsunami
withwesk intensity thet didnot put at risk the coastal
comnities in the Algarve.

Although we have not used nodulation to assess
the energy of the tsunam, the sinple identification
of the flcoded area is fundamental because the more
extensive the area affected is, the higner the height
of the wave and the energy transported are (Csm
etal., 2005) .

Alsowe nust ramenter that nn-up heidhts are ot
just a function of distance franthe epicantre. 1755
nn-yp heights were vardable at sint lar distances fran
the epicantre. Nododot sare of this vardance reflects
of aset, nnpheidit isa reesaebly well axstrained
peraeter in the histarical recod M et al., 199) .
Tre anfigration of the acast, stateof the tide, ad
offdore battynetry are also crucial factars.

We assess the potential impacts of a wave 12
meters hicgh but it is alsopossible to define other
scenarios with dovicusly different impacts. The
delimitation of flooded area besides sevvirg as kasis
to the definitio of soxrarics and the determirarion of
arergecy plaming tasks, may also serve as a guiding
principle for lard meregarent .

Actually, degpite the low rate of ocarrence of
disastrous tauranis, their inpact is sogrest ad their
amsequences so drametic that their exdstence should
Tee taken into accomnt in assessing natural risks in
aoastal areas (Bemse et al., 2005) .
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QUATERNARY EVOLUTION OF THE SERRA DO MARAO AND ITS CONSEQUENCES
IN THE PRESENT DYNAMICS

Antdnio de Sousa Pedrosa, Bernardo Serpa Marques,
Bruno Martins, José Henrique Sousa
Faauldade e Letras, Uhiversidade do Rorto
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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.



territorium 14

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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