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RESUMO

RESUMO

O arquipélago de Cabo Verde ¢ frequentemente afetado pela ocorréncia de sismos e
erupcoes vulcanicas, o que o torna um laboratdrio de exceléncia para o estudo de perigos
associados a estes eventos geologicos. Neste contexto, foi selecionada a ilha Brava,
caracterizada pela ocorréncia frequente de sismos sentidos pela populacdo local e pela
existéncia de vulcanismo considerado ativo, apesar de ndo ter ocorrido nenhuma erupc¢ao
histérica desde o seu povoamento. Com este trabalho pretendeu-se contribuir para o
estudo da avaliagdo dos perigos sismico e vulcanicos numa perspetiva de planeamento de

emergéncia.

Foi feita a caracterizagdo geomorfologica da ilha incidindo-se sobre as estruturas
vulcanicas e tectonicas, bem como o estudo da rede hidrografica, das cicatrizes de
movimentos de vertente e da orla costeira, o que culminou com a elaboracao da carta

morfoestrutural da Brava.

Desde o povoamento da ilha, no século XV, que existem relatos da ocorréncia de eventos
sismicos sentidos pela populagdo, que causaram, em alguns casos, danos materiais. Neste
trabalho procedeu-se a avaliagdo do perigo sismico com base na analise da sismicidade
historica e instrumental. No caso da sismicidade instrumental foi feito o levantamento e
analise de documentagdo historica, tendo-se procedido a sele¢do de alguns casos.
Utilizando-se a Escala Macrossismica Europeia-1988 fez-se o estudo macrossismico dos
casos seleccionados. No que respeita a sismicidade instrumental recorreu-se a informagao
disponivel quer de estudos anteriores como oriundos das redes sismoldgicas que
operaram em Cabo Verde, e, em particular, na ilha Brava. Os sismos registados na ilha
Brava sdo de natureza vulcanotectonica ou associados a atividade vulcanica da vizinha
ilha do Fogo. Da andlise da sismicidade historica existente constatou-se que a intensidade
maxima historica para a regido em estudo foi de VII (EMS-98). Por outro lado, a anélise
de dados instrumentais, mais concretamente desde 1914, permitiu verificar a ocorréncia

de eventos de magnitude maxima de 4.2, localizados na plataforma da ilha Brava.

A evidéncia de diferentes estilos eruptivos e os consequentes perigos vulcanicos foi

inferida pelo estudo dos depositos e morfologias resultantes das erupgdes ocorridas num

XV



RESUMO

passado geoldgico recente. Para tal, foram efetuados cortes geologicos que permitiram a
defini¢dao de grupos litoldgicos, que possibilitaram a identificacao dos estilos eruptivos
que ocorreram na Brava. Foram, assim identificados depositos vulcanicos representativos
de erupgdes tanto submarinas (surtseianas) como subareas (havaianas, estrombolianas,
subplinianas, plinianas e hidromagmaticas). Para cada estilo eruptivo foram analisados os
diferentes perigos vulcanicos associados. Com base nos dados recolhidos fez-se um
estudo sobre a suscetibilidade a queda de piroclastos na ilha Brava, tendo-se efetuado a
abordagem aos modelos de simulagdes de queda de piroclastos existentes. Atendendo aos
diversos parametros aferidos e necessarios para a modelagdo optou-se pelo modelo

probabilistico VORIS (VOlcanic Risk Information System).

De modo a analisar os elementos de vulneraveis aos perigos sismico e vulcanicos
procedeu-se a listagem da populagao, do edificado e das infraestruturas basicas. Para este
trabalho optou-se pelo estudo mais aprofundado da vulnerabilidade do edificado, tendo-
se realizado um inquérito sobre a qualidade das construgdes existentes na Brava. Para a
vulnerabilidade do edificado ao perigo sismico foi feita uma classificacao das habitagdes
segundo diferentes classes de vulnerabilidade de acordo com a EMS-98, sendo que a
classe A ¢ a mais vulneravel e a D a menos vulneravel. Constatou-se que 60% das casas
edificadas na ilha pertencem a classe B e 24% da classe C. As classes de maior (A) e
menor (D) vulnerabilidade tém menor representatividade na ilha, sendo 15% no caso da
classe A e apenas 1% na classe D. Neste contexto, se ocorrer um evento que afete a ilha
com intensidade VII (EMS-98), ¢ de esperar que: 14,8% a 15,2% das habitag¢des
colapsem; entre 14,9% a 57% sofram sérios danos e que entre 25% e 76,5% dos edificios

poderdo precisar de pequenas reparagoes.

Para o estudo da vulnerabilidade ao perigo vulcanico optou-se por usar os resultados das
simulacdes efetuadas para a susceptibilidade a queda de piroclastos. Foram, entdo
utilizados os fatores que afetam a vulnerabilidade do edificado para este perigo vulcanico
(tipo de material de suporte do telhado e inclinag¢do do telhado). Os resultados obtidos
indicam que das localidades estudadas, a mais afetada sera a de Nossa Senhora do Monte
porque o edificado neste povoado apresenta maior vulnerabilidade a queda de piroclastos.
Nesta localidade 54,5% de casas possuem telhados cujo material de suporte ¢ de madeira
e 52% dos telhados ndo possuem inclinacdo, pelo que em ambos os casos os telhados

poderao colapsar.
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RESUMO

As abordagens utilizadas neste estudo da avaliagdo dos perigos estudados e da
vulnerabilidade do edificado a tais perigos foram orientadas para a vertente do
planeamento de emergéncia. Foram obtidos mapas que poderdo constituir uma boa base
de trabalho para o planeamento de emergéncia e a producdo de cendrios eruptivos

passiveis de serem utilizados no ambito de exercicios de protecao civil.
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ABSTRACT

ABSTRACT

The Cape Verde archipelago is frequently affected by the occurrence of earthquakes and
volcanic eruptions, which makes it an excellent lab for the study of hazards associated with
these geological events. In this context, It has been selected the Island of Brava, which is
characterized by the existence of active volcanism, and for frequently occurring earthquakes
felt by the local people, despite of not occurring any historical eruption since its settlement.
This work aims to contribute to the study of the assessment of seismic and volcanic hazards in

an emergency planning perspective.

To this end, we initially proceeded to the geomorphological characterization of the island
focusing on the volcanic and tectonic structures as well as the characterization of the
hydrographic network, the scars and landslides and coastal cliffs. This characterization led to

the production of the morphostructural map of Brava Island.

Since the settlement of the island in the fifteenth century, there are reports of the occurrence of
earthquakes felt by the population which in some cases has caused property damage. A seismic
hazard assessment was made based on the analysis on the historical and instrumental
seismicity. For historical seismicity, the analysis was based on the information provided by the
historical documentation and using the European Macroseismic Scale-1988 for macroseismic
study a number of cases were selected. For the analysis of instrumental seismicity it was used
the existing information based on previous studies carried out and the existence of
seismological networks which have operated on Cape Verde, in general, and in Brava Island,
in particular. The earthquakes occurred on Brava Island are volcanotectonic nature or otherwise
are associated with volcanic activity of the nearby Fogo Island. From the existing historical
seismicity it was verified that the historical maximum intensity (EMS-98) for the region under
study was VIL. On the other hand, the recent data analysis more precisely the instrumental
seismicity since 1914 until the present date, allows to conclude on the occurrence of

earthquakes from maximum magnitude of 4.2.
The study of the assessment of volcanic hazards started with the characterization of the existing

volcanic deposits on the island, since there were no historical eruptions on the island.

Therefore, the evidence for the various eruptive styles and the resulting volcanic hazards are
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provided by the study of the deposits and morphologies result from eruptions in a recent
geological past. To this end were carried out field works which allowed the elaboration of
geological measure sections and the identification and description made of the existing
volcanic lithology. Based on the description of the lithological groups carried out, it allowed
the identification of eruptive styles that have occurred in Brava which have originated these
deposits. The evaluated volcanic deposits represent both submarine eruptions (surtseyan) and
subaerial (Hawaiian, Strombolian, Subplinian, Plinian and Hydromagmatic). Thereafter, the
volcanic hazards deriving from eruptive styles presented are: lava flows, tephra fallout,
pyroclastic flows, surges, lahars and volcanic gases. To complete the assessment of the
volcanic hazards, it was conducted a study of the susceptibility to the tephra fallout through
modeling. The approach of the existing models of tephra fallout simulations was taken to
explain the model chosen to Brava Island, measured according to several parameters such as
necessary for the modeling. Considering to different measured parameters required for the

modeling it was chosen the probabilistic model VORIS (Volcanic Risk Information System).

In order to analyze the vulnerabilities to seismic and volcanic hazards we proceeded to
assemble of exposed elements (population, buildings and basic infrastructure). For the purpose
of this work it was decided to conduct a further study of the buildings vulnerability. An
inventory was conducted on the quality of existing buildings in Brava Island. It was chosen the
more detailed study of the vulnerability of buildings and was conducted an investigation
concerning the quality of the existing constructions on Brava. For buildings vulnerability to
seismic hazard it was done a classification of the households using different classes (A to D),
and it was verifying that 60% of homes edified on the island belong to the class B, followed by
class C with 24%. Higher (A) and lower (D) classes of vulnerability exist in smaller amounts
in the island and is 15% to 1%, respectively. In this context, if there is an earthquake with
intensity of VII (EMS-98), it is expected that: (1) 14.8% to 15.2% of the households collapse,
(2) 14.9% to 57% suffer serious damages and (3) 25% and 76.5% of the buildings may require

small repairs.

As for the volcanic hazards vulnerability, it was decided to use the results of the simulations
carried out for susceptibility to tephra fallout by using the aspects that affect the vulnerability
of the buildings for this volcanic hazard: type of roof support materials and roof pitch. The
results obtained indicates that from the localities analyzed, the most affected will be Nossa

Senhora do Monte because the buildings in this town stands more vulnerable to tephra fallout.
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From the survey carried out the results indicate that this town possesses 54.5% of houses with
roofs which the support material is made of wood and 52% of roofs do not have slope in both

cases the roofs may collapse.

The approaches used in this study of the evaluation analysis of the hazards and the vulnerability
of buildings to those hazards employed in this paper have been oriented towards aspects of
emergency planning. In this study it has been obtained maps which might be a good working
basis for emergency planning and the production of eruptive scenarios that could be used within

the context of civil protection exercises.
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