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Abstract: Studies performed on the Carcavai fault zone, Eastern Algarve,
revealed several deformational features in Plio-Quaternary sediments
with potential neotectonic implications. These features include fracturing
(faults and joints) and clastic dikes, located along the Carcavai fault.
Most of the fractures appear to be the expression of the fault activity
affecting the Plio-Quaternary sediments. This is suggested by a consistent
strike, subparallel to the major tectonic structure, and by the location
pattern. Evidences of the fault activity were also identified in the
Mesozoic and Paleozoic rocks, though the age of that deformation is
poorly constrained. It consists in the presence of zones of intensely
brecciated rock and of adjoining coarse sedimentary deposits probably
related to the dismantling of a fault scarp. The acquired data point to a
late hercynian structure, reactivated as a left-lateral strike-slip fault with a
thrust component during the Plio-Quaternary.

Keywords: Neotectonics, Carcavai Fault, Clastic dikes, Plio-Quaternary.

Resumo: Estudos levados a cabo na zona da falha de Carcavai, localizada
no sotavento Algarvio, revelaram a ocorréncia de diversas estruturas de
deformagdo em sedimentos plio-quaternarios com possiveis implicagdes
neotectdnicas. As estruturas consistem em fracturas (falhas e diaclases) e
fildes detriticos, localizados ao longo da falha de Carcavai. A maioria das
fracturas aparenta ser a expressdo da actividade da falha nos sedimentos
plio-quaternarios, o que é sugerido pelo consistente padrao direccional,
subparalelo ao acidente principal, assim como pelo padréo de distribuigdo
geografica. Foram também observadas evidéncias da actividade da falha
nas rochas do Paleozbico e do Mesozbico materializadas por zonas
intensamente fracturadas e pela existéncia de dep6sitos grosseiros
compativeis com o desmantelamento de uma escarpa de falha vizinha.
Contudo, a idade dessa deformacdo estd mal constrangida devido a
auséncia de marcadores cronolégicos mais recentes. Os dados adquiridos
sugerem que se trata de uma estrutura tardi-hercinica herdada,
posteriormente reactivada como desligamento esquerdo com componente
de movimentacéo inversa durante o Plio-Quaternario.

Palavras-chave: Neotectdnica, Falha de Carcavai, Fildes detriticos, Plio-
Quaternario.
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1. Introduction

The Algarve region is located near the eastern sector of the
Azores-Gibraltar Fracture Zone (AGFZ), which is the boundary
between the Eurasia and Nubia lithospheric plates. It is
characterized by a 4mm/yr rate of NW-SE to WNW-ESE
convergence between these two plates, in the Golf of Cadiz area
(Argus et al., 1989; DeMets et al., 1994; Sillard et al., 1998;

Kreemer & Holt, 2001; Sella et al., 2002; Calais et al., 2002;
Calais et al., 2003; Fernandes et al., 2003; Nocquet & Calais,
2004; Stich et al., 2006). This direction coincides with that of the
maximum horizontal compressive stress (SHMax), inferred from
focal mechanisms, borehole ovalization, and active faults
kinematic data (Ribeiro et al., 1996; Borges et al., 2001; Carrilho,
2005) (Fig. 1). According to some authors (Cabral, 1995; Ribeiro
et al., 1996; Ribeiro, 2002), an incipient subduction zone is
nucleating along the continental margin of SW lberia. Gutscher
et al. (2002) support the existence of a subduction zone dipping
towards E in the Gibraltar region, evidenced by seismic
tomography studies, showing the presence of a cold dense body
from the surface to depths in the order of 700 m.
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Fig. 1. Stress state indicators on the AGFZ (World Stress Map, Reinecker et al.,
2004, adapted from Carrilho, 2005).

Fig. 1. Indicadores do estado de tensdo na ZFAG (World Stress Map, Reinecker et
al., 2004, in Carrilho, 2005).

In the Gulf of Cadiz, the AGFZ is distributed through
numerous structures, with a special relevance for the set of
oblique thrusts trending NNE-SSW, such as the Horseshoe and
Marqués de Pombal faults, and for reactivated WNW-ESE faults,
with dextral strike-slip kinematics (Rosas et al., 2009; Terrinha et
al., 2009; Zitellini et al., 2009).

This geodynamic environment explains the neotectonic
activity in the Algarve region, which is expressed by vertical
crustal movements and brittle and ductile deformation affecting
Plio-Quaternary sediments (Dias, 2001; Dias & Cabral, 2002a).

The Algarve region experiences important seismicity, with
historical and instrumental earthquakes of high magnitude. This
seismicity is mostly concentrated in the offshore, at the Gulf of
Cadiz region (Fig. 2). Onshore there is also a significant seismic
activity, but of lower magnitude, suggesting that the deformation


https://core.ac.uk/display/70659847?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

R. Ressurreicéo et al. / Comunicagdes Geologicas (2011) 98, 5-14

42'N

40°N

38'N

36'N

_
14w 12°wW 10'W

Fig. 2. Instrumental seismicity from 1961 to 2003 (Carrilho, 2005).

Fig. 2. Sismicidade instrumental entre 1961 e 2003 (Carrilho, 2005).

is mainly absorbed by structures located offshore (Dias &
Cabral, 19954, b; Dias, 2001).

The Carcavai fault zone (Carcavai-Vale de Ras — Manuppella
et al., 2007 or Loulé-S. Bras — Terrinha, 1998) (Fig. 3),
trending NE-SW, extends onshore for about 20 km, between
Quarteira and S. Bras de Alportel (Dias, 2001).

According to Terrinha (1998) this fault is intercepted
offshore by the S. Marcos-Quarteira fault. In the NE sector it
branches into several minor faults with opposite vergence. It is
interpreted by this author as an extensional structure that was
subjected to a pre-Miocene tectonic inversion (Terrinha, 1998).

Dias (2001) characterized the Carcavai fault as a left-
lateral strike slip fault with a reverse component in the
Neogene, presenting neotectonic activity. This activity is
evidenced by brittle deformation (faults and joints) and soft-
sediment deformation structures (clastic dikes) affecting the
sediments of the Ludo Formation (Dias, 2001; Dias & Cabral,
2002a), of Plio-Quaternary age (Moura & Boski, 1999). The
clastic dikes were interpreted as seismically induced
liquefaction features (Dias, 2001; Dias & Cabral, 2002a;
Ressurreigdo, 2009).

The Carcavai fault can be divided into two sectors (Dias,
2001). A northern sector, extending from S. Bras de Alportel to
Acreeiro, corresponding to a fault zone with numerous branches
trending NE-SW to ENE-WSW, and a southern sector, located
between Areeiro and Quarteira, made up of two branches that
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probably merge offshore (Fig. 3). Noiva (2009) identified
deformation probably associated with the Carcavai fault
offshore, thus supporting its extension to the continental shelf.

In general, the extent, geometry and behavior of this fault
were poorly characterized, being these some of the goals of the
present study.

2. Geological setting

The study area, located in Eastern Algarve, comprises a great
variety of lithologies, from Paleozoic to Cenozoic age.

The Paleozoic rocks outcrop only in the northern area,
consisting of flysch sequences of late Carboniferous age that
were intensely folded and faulted during the Hercynian
orogeny (Manuppella, 1992). To the south, the Mesozoic and
Cenozoic sediments crop out.

The Mesozoic basin was formed in a transtensional
regime during the opening of the Thetys Sea and the Central
Atlantic Ocean, throughout the Jurassic and Early Cretaceous
(Terrinha, 1998). Limestones and marls are predominant,
dating from Upper Triassic to Lower Cretaceous, however
siliciclastic sediments abound in the Triassic. The absence of
Upper Cretaceous sediments may be due to an important
tectonic inversion event that occurred in Late Cretaceous to
Eocene/Oligocene (Terrinha, 1998; Kulberg et al., 1992).
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Fig. 3. Study area location (geological map adapted from Manuppella, 1992). 1, Paleozoic; 2, Triassic; 3, Jurassic; 4, Cretaceous; 5, Miocene; 6, Pliocene-Pleistocene; 7,
Quaternary; 8, Alluvium; 9, Fault; 10, Probable fault; 11, Hidden fault; 12, Seismic profile.

Fig. 3. Localizagdo da érea de estudo (geologia adaptada de Manuppella, 1992). 1, Paleoz6ico; 2, Triéssico; 3, Jurassico; 4, Cretacico; 5, Miocénico; 6, Pliocénico-Plistocénico;
7, Quaternario; 8, Aluvido; 9, Falha; 10, Falha provavel; 11, Falha oculta; 12, Perfil sismico.

The Cenozoic is characterized by sediments of lower and
middle Miocene (sandy limestones), upper Miocene (silts and
sands) (Cachdo, 1995; Cachéo et al., 1998; Pais et al., 2000) and
the Pliocene-Pleistocene sediments of Ludo Formation (sands
and gravels) (Moura & Boski, 1999). This work gives a special
attention to the Ludo Formation sediments (Fig. 4) because of
their neotectonic implication as stratigraphical markers for
recognizing and characterizing the younger deformation.

3. Neotectonic activity of the Carcavai fault

3.1. Southern sector of the Carcavai fault

In this sector of the Carcavai fault zone, the neotectonic
deformation is essentially expressed by intense fracturing
affecting the Plio-Quaternary sediments of the Ludo Formation,
and by the occurrence of clastic dikes.

The western branch has a regular NE-SW direction and, for
most of its length it coincides with the Carcavai creek which is
adapted to the fault zone due to the presence of more easily
erodible, intensely fractured rocks. This causes an absence of
fault outcrops in the southern part of this branch, because it is
covered by recent alluvial sediments, with the exception of the
exposures at the Forte Novo beach cliffs (Fig. 3).

At this location, intense jointing affects the Plio-Pleistocene
sediments (Fig.5), materialized by planes trending NNW-SSE to

NNE-SSW (Dias, 2001). Dias (2001) also reported the existence of
two fault planes (N23°E, 52°W, and N23°E, 55°W), but it wasn’t
possible to quantify the offset due to the lack of sedimentary
reference markers. At about 600 m to N, in the Quarteira Camping
area, two similar outcrops were identified, but with joints trending
preferentially N-S.

At Escanxinhas area, E of the Carcavai creek (Fig. 3), the
Ludo Formation sediments cover the cretaceous rocks through an
unconformity marked by a well-developed karst, at an elevation of
30 m. W of the creek, this surface can be observed at an elevation
of 50 m, suggesting activity of the western branch of Carcavai fault
zone causing a vertical offset of 20 m in Plio-Quaternary times
(Fig. 6).

North of Almansil, the published geological maps indicate the
presence of Miocene rocks (Galvana Limestones and Galvana
Conglomerates) affected by the Carcavai fault. According to
Manuppella et al. (2007) the genesis of the Galvana Conglomerates
unit is related to the important compressive tectonic events that
occurred during late Tortonian.

In this sector, the eastern branch the Carcavai fault zone trends
NE-SW until N of Almansil, where it changes orientation to N-S
and joins the western branch (Fig. 3). The fault is here expressed as
a discontinuous band of deformation, from Trafal beach to S of
Almansil. This deformation consists of intense fracturing, with
joints and faults (predominantly reverse faults) (Fig. 7), and clastic
dikes (Fig. 8). Many of the identified features have orientations
and distribution consistent with that of the Carcavai fault (Fig. 9).
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Fig. 4. Schematic block diagram showing the spatial relation between the Ludo
Formation Members and the Meso-Cenozoic rocks (Moura et al., 1998, in Dias &
Cabral, 2002b). 1, Gambelas sands and gravels (Pleistocene); 2, Ludo sands
(Pliocene-Pleistocene); 3, Quarteira sands (Upper Pliocene); 4, Falésia sands (Lower
Pliocene); 5, Monte Negro sands (Lower Pliocene); 6, Cacela clayey silts
(Miocene); 7, Lagos Portimao Formation (Miocene); 8, Mesozoic.

Fig. 4. Modelo esquemético representando a relacéo espacial entre os membros da
Formagdo do Ludo e o substrato Meso-Cenozdico (Moura et al., 1998, in Dias &
Cabral, 2002b). 1, Areias e cascalheiras de Gambelas (Plistocénico); 2, Areias do
Ludo (Pliocénico-Plistocénico); 3, Areias de Quarteira (Pliocénico superior); 4,
Areias da Falésia (Pliocénico inferior); 5, Areias de Monte Negro (Pliocénico
inferior); 6, Siltes argilosos de Cacela (Miocénico); 7, Formacéo de Lagos Portimao
(Miocénico); 8, Mesozbico.

Fig. 5. Stereographic plot of fractures (mostly joints) affecting the Ludo Formation
sediments, at Quarteira region (n=225) (Dias, 2001): a) poles to the planes, and b)
density contour diagram of the poles to the planes.

Fig. 5. Projeccdo estereogréfica de fracturas (maioritariamente diaclases) a afectar
o0s sedimentos da Formagao do Ludo na regido de Quarteira (n=225) (Dias, 2001): a)
pélos dos planos, e b) diagrama de contornos de densidade dos pélos dos planos.
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At the Trafal beach cliff (Fig. 3), the Plio-Pleistocene
sediments show intense jointing and some reverse faults trending
NNE-SSW to NE-SW (Dias, 2001).

A few kilometers northwards, at Ferrarias (Fig. 3), there are
several outcrops with potential neotectonic interest. Figure 10
shows an outcrop where three fault surfaces produce an
accumulated reverse separation of 1.80 m on a pebble layer of the
Ludo Formation. A drag fold in the coarse grained sediments,
compatible with reverse slip, can also be seen. The fault surfaces
show the particular characteristic of coinciding with thin detrital
dikes filled with lutite sediment.

From Almansil to the N, where the two branches merge,
deformation affecting Cretaceous and Jurassic rocks was
identified. This deformation consists essentially of zones of
intensely fractured rock and rotated bedding.

3.2. Northern Sector of the Carcavai fault

Along the northern sector of the Carcavai fault zone, only
Mesozoic and Paleozoic rocks crop out and there are no Plio-
Pleistocene sediments to be used as markers. So, evidence of
neotectonic activity is scarce or even inexistent.

From S to N, the fault gradually changes its direction to
ENE-WSW, and turns into a more complex and diffuse structure.
Between Loulé and S. Bras de Alportel (Fig. 3) the fault zone
becomes wider, consisting of a set of alternating horsts and
grabens formed during the extensional events that affected the
Algarve Basin in the Mesozoic (Terrinha, 1998). The fault
strands that limit these structures were later reactivated as thrusts
during the late Mesozoic and Cenozoic tectonic inversion
episodes (Terrinha, 1998), probably with a strike-slip component.

Fault activity affecting the Mesozoic and Paleozoic rocks in
this sector is evidenced by intense fracturing and the presence of
fault breccias. However it is not possible to date this activity due
to the absence of chronologic markers.

N of Almansil (Fig. 3), there are some outcrops showing
coarse sediment containing striated pebbles (Fig. 11). The
outcrops are difficult to interpret because the sediment is affected
by a well developed calcrete. Nevertheless it may correspond to
sediment formed by the dismantling of a nearby fault scarp,
probably of the same age of the Galvanas Limestones Unit.

SSE

Fig. 6. Geologic cross section made at Ferrarias area, across the eastern and western branches of the Carcavai fault. 1, Cretaceous; 2, Pliocene-Pleistocene (Ludo Formation); 3,

Holocene (alluvium) (Ressurreigéo, 2009).

Fig. 6. Corte geoldgico efectuado sobre a regido de Ferrarias, interceptando os ramos ocidental e oriental da falha de Carcavai. 1, Cretécico; 2, Pliocénico-Plistocénico

(Formagdo do Ludo); 3, Holocénico (aluvido) (Ressurreicéo, 2009).
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A wide fault zone affecting Jurassic carbonate rocks was
observed at a trench located E of Loulé (Fig. 3), open for
building purposes. At this site we could identify intense
fracturing of the Jurassic limestones and marls, with numerous
striated fault surfaces that can be grouped in two major sets
trending approximately NE-SW to NNE-SSW and E-W (Fig. 12).

Fig. 7. Reverse fault causing an offset of 12 cm in a pebble bed of the Ludo
Formation sediments, located near Ferrarias.

Fig. 7. Falha inversa provocando um rejeito de 12 cm num nivel grosseiro da
Formagcéo do Ludo, localizada préximo de Ferrarias.

Fig. 8. Fine grained clastic dike in the Ludo Formation sediments, at Ferrarias,
trending (N56°E, 84°SE). In the SE wall there is an upwards branching into a thin
dike.

Fig. 8. Fildo detritico composto por sedimento de granulometria fina, intercalado
nos sedimentos da Formagao do Ludo, em Ferrarias. Apresenta uma atitude (N56°E,
84°SE). Na parede SE da estrutura observa-se uma ramificagéo para um fildo de fina
espessura.

There is also a third set of surfaces trending N-S but apparently
of less importance. Many of these fault surfaces are covered with
reddish clay, which seems to be the residual product of the

weathering of the carbonate rocks. This clay is striated too (Fig.
13), indicating fault activity posterior to the weathering process.
Samples of this clayey veneer were collected for X-Ray
diffraction analysis, revealing a mineral assemblage of ilite and
kaolinite. The chronological significance of this will be discussed
in the Discussion chapter. At this site the fault zone also shows a
fault breccia made up of angular fragments of different carbonate
lithologies within a clayey matrix.

Fig. 9. Stereographic plot of faults affecting the Ludo Formation sediments, along
the eastern branch (n=29): a) planes, and b) density contour diagram of the poles to
the planes.

Fig. 9. Projeccéo estereografica dos planos de falhas a afectarem os sedimentos da
Formagcéo do Ludo, ao longo do seu ramo oriental. (n=29): a) planos, e b) diagrama
de contornos de densidade dos p6los dos planos.

Fig. 10. Reverse faults affecting the Ludo Formation sands, at Ferrarias, presenting
an accumulated offset of 1.80 m distributed between three fault planes. The dashed
lines represent the base of a pebble bed (Ressurrei¢do, 2009, Ressurreicéo et al.,
2009).

Fig. 10. Falhas inversas a afectar as areias da Formacdo do Ludo em Ferrarias,
mostrando um rejeito acumulado de 1,80 m distribuido entre trés planos de falha. A
linha a tracejado representa a base de um nivel de seixos. (Ressurreigdo, 2009,
Ressurreicdo et al., 2009).

Other similar outcrops were identified NE of this location,
showing the same fracturing patterns. N of Sdo Bras de Alportel,
at the prolongation of the Carcavai fault (Fig. 3), several fault
planes affecting the Triassic and Paleozoic rocks were observed.

4. Seismic data acquisition

In order to confirm the existence of the eastern branch of the
southern sector of the Carcavai fault, as well as to study the
geometry of the fault zone at depth, geophysical data were
acquired. In areas where the location of the fault was uncertain,
EM and seismic reflection profiles with a coarse spatial sampling
were carried out. After accomplishing a more precise location of
the fault zone, and in places where geological evidence suggested
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the presence of the structure, seismic reflection profiles with a
tighter spatial resolution were acquired.

A fixed spread with 48 channels, 50 Hz vertical receivers
and a 250 Kg accelerated weight-drop seismic source were used.
Shots were fired inside the receiver layout and two end shots with
half the receiver spacing. The sensors spacing varied from 7.5 m
at Trafal, 5 m at Palmeiras and 2.5 m at Ferrarias (Fig. 3). A
sampling rate of 0.25 ms was used to allow a refraction
interpretation of the reflection shot gathers (not presented here).

Fig. 11. Conglomerate cropping out N of Almansil, probably generated by
dismantling of a fault scarp related to the Carcavai fault.

Fig. 11. Conglomerado aflorante a N de Almansil, provavelmente resultante do
desmantelamento de uma escarpa de falha gerada pela falha de Carcavai.
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Fig. 12. Stereographic plot of planes from a fault zone, at Goncinha-Loulé (n=15)
(Ressurreicdo, 2009): a) planes, and b) density contour diagram of the poles to the
planes.

Fig. 12. Projeccdo estereografica dos planos de uma zona de falha, em Goncinha-
Loulé (n=15) (Ressurrei¢do, 2009): a) planos, e b) diagrama de contornos de
densidade dos pélos dos planos.

The data were processed with a commercial application
(SPW) and the following main steps were applied: pre-processing
(Yilmaz, 2001), deconvolution, velocity analysis, NMO
correction and stack, 2 iterations of residual statics (surface
consistent), integral DMO (id.) and phase-shift or split-step
migration.

After migration, FX deconvolution, spatial noise filter
(Hornbostel, 1991), frequency and coherency filters were applied
to enhance signal to noise ratio and spectral whitening (40-80
Hz) to increase the frequency content of the data. Finally, the
profiles were depth converted using interval velocities derived
from the stacking velocities using Dix equation. Final time
migrated and depth converted sections of the seismic profile
carried out at the Ferrarias area are presented in Figure 14. Depth

sections are shown with a horizontal/vertical exaggeration of
1.5:1.

5. Discussion

In the Carcavai fault zone, the neotectonic activity is essentially
expressed by fracturing (faults and joints) and seismites, affecting
the Ludo Formation sediments.

The observation of deformation in sediments overlying
carbonate rocks can induce the investigator wrongly. In fact, Dias
& Cabral (2002b) reported several shear structures with normal
and reverse kinematics affecting the Plio-Quaternary sedimentary

Fig. 13. Fault zone at Goncinha-Loulé. A, general view of fault planes trending E-W
(where the hammer is placed) and NNW-SSE (dashed line). B, striated E-W plane.
The pencil indicates the dip direction of the striae (Ressurrei¢do, 2009).

Fig. 13. Zona de falha em Goncinha-Loulé. A, aspecto geral dos planos de falha E-
W (onde se encontra colocado o martelo) e NNW-SSE (linha a tracejado). B, plano
estriado de direcgdo E-W. A lapiseira indica a atitude das estrias (Ressurreicéo,
2009).
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cover in the Algarve region. These structures result from
underground karst evolution in the underlying carbonate rocks,
where the progressive dissolution or sudden collapse of caves
generate folds and shear fractures in the overlying sediments, in a
process with no tectonic implications (Dias & Cabral, 2002b).

Therefore, it is necessary to use some criteria to distinguish
the features formed by this process from those of tectonic origin,
namely by evaluating the geographical and directional pattern of
the structures and their eventual relationship with known nearby
active faults, though the trend of the karst structures may also be
passively driven by inactive tectonic structures, because pre-
existent fractures facilitate the circulation of water, thus
promoting the carbonate dissolution (Dias & Cabral, 2002b).

The acquired data doesn’t show any significant neotectonic
activity related to the eastern branch of the southern sector of the
Carcavai fault zone. At the cliffs of Forte Novo beach, where the
fault is signaled in the geological maps (Fig. 3), intense
fracturing was observed but only two fractures with recognizable
offset were identified. The dominant N-S direction of the
fractures, distinct from the generally observed NE-SW trend, is
probably the consequence of a locally rotated stress field caused
by an interference with the nearby S. Marcos-Quarteira fault.

-~
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Fig. 14. Time migrated (a) and depth converted (b) seismic reflection stacked
sections acquired at Ferrarias. The depth converted seismic section shows fault
interpretation (adapted from Carvalho et al., in press). The dotted line represents the
contact between Cretaceous (below line) and Plio-Pleistocene sediments (above
line).

Fig. 14. SecgBes sismicas migradas em tempo (a) e convertidas para profundidade
(b) adquiridas em Ferrarias. As seccdes convertidas em profundidade mostram a
interpretacéo estrutural (adaptado de Carvalho et al., in press). A linha a ponteado
representa o contacto entre o Cretécico (abaixo da linha) e os sedimentos Plio-
Plistocénico (acima da linha).

Figure 6 shows a vertical offset of the Plio-Quaternary
sediments basal unconformity surface of about 20 m, with
relative rising of the southeastern bloc. This figure is also useful
to infer the fault’s western branch. In the continuation of the
cross-section towards SE, it would be expected to observe this
unconformity surface at an elevation close to 45 m, but in that
direction we find the Plio-Quaternary sediments cropping out

down to an elevation of at least 20 m, suggesting the presence of
another fault to the E, which downthrows this unit. According to
Carvalho et al. (in press) the geophysical data support this
inference, showing, however, a smaller vertical offset of about 10
m. So, it seems that there is an elevated bloc between the western
and eastern branches of the S sector of the Carcavai fault. Figure
15 presents a geologic cross section, made on the basis of a set of
geo-electric boreholes, which also supports that conclusion.
Considering that the Carcavai structure probably behaves as a
strike-slip fault with a reverse component, the inferred vertical
offset does not allow to estimate the fault slip rate, because the
horizontal displacement is not known, thus only allowing a
minimum estimate.

Although the presence of underlying carbonate rocks is
propitious to underground karst evolution, the deformation band
referred above, identified along the eastern branch of the fault,
from Praia do Trafal to Almansil (Fig. 3), may be the surface
expression of the Carcavai fault activity. This is suggested by the
consistent geographical and directional pattern of the deformation
features, as well as the reverse kinematics of most of the
identified fault surfaces, consistent with the regional stress
regime and the Carcavai fault behavior. Probably, many of the
identified reverse faults have a significant strike-slip component,
not recognizable, which is supported by dips exceeding 45°
presented by most of them.

The seismic profiles interpretation revealed several fault
surfaces at the expected location of the Carcavai fault zone.
Several reverse faults were detected as well as some structures
showing a normal kinematic component, cutting the uppermost
sediments (Plio-Quaternary?). Where it was possible to calculate
the vertical offset of the faults, a 10 m vertical separation
affecting these sediments was estimated (Carvalho et al., in
press).

In the published geological maps (Manuppella, 1992;
Manuppella et al., 2007), two Miocene geologic units — the
Galvana Limestones and the Galvana Conglomerates — are
represented N of Almansil. Their restricted geographic position
next to the Carcavai fault suggests that they were conditioned by
the tectonic activity of this fault. In fact, the irregular geometry of
the fault points to the generation of a pull-apart basin associated
to left-lateral strike-slip movement, where the Miocene sediments
were deposited.

The Galvana Limestones unit does not correspond to a
sediment resulting from fault scarp erosion. According to Pais
(1982) & Manuppella et al. (2007), it was deposited in a
proximal marine environment, as shown by the identified fauna.
Therefore it must have been deposited over a large area, then
eroded, staying preserved in small tectonically depressed areas.

Conversely, the Galvana Conglomerates unit may have a
tectonic origin associated with the Carcavai fault activity.
According to Pais (oral com.), the age ascribed to this
sedimentary unit is doubtful and may be younger than the Upper
Miocene, carrying possible neotectonic implications.

The fault zone identified E of Loulé, already described
above, might also be of neotectonic interest. The striated clay that
veneers the fault surfaces in the studied outcrop may have two
possible origins: It can be the product of chemical weathering of
the Jurassic limestones, or be the accumulation along the fracture
surfaces of the clay content of the Ludo Formation fine grain
sediments, that was leached down by infiltration waters. In fact,
the clay content of kaolinite and ilite is similar, but in different
proportions: the Ludo Formation sediments are richer in kaolinite
and the clay contained in the fractures has more ilite. This may be
caused by the content in Mg of the Jurassic dolomitic rocks. To
consider this second explanation it must be assumed that the
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Jurassic rocks were covered in the past by the Plio-Quaternary
sediments, which seems probable because these cover sediments
were observed at a nearly similar altitude in other places in the
region.

Despite the uncertainty in assigning an age to the observed
deformation, that outcrop provided good kinematic criteria. The
fracturing pattern is compatible with simple shear fractures for a
left-lateral strike-slip fault, with R planes (NE-SW), P planes
(ENE-WSW) and R’ planes (N-S).

The identified striae are consistent with this interpretation.

North of S. Bras de Alportel region (Fig. 3), the Carcavai

fault could not be tracked, with the exception for the faults

affecting the Triassic and Paleozoic rocks, referred above. The
regional geologic map (Manuppella, 1992) shows several ENE-
WSW to NE-SW trending faults crossing the Paleozoic. There is
also a set of earthquake epicenters in Eastern Algarve, whose
source structures were not identified (Fig. 2) that may be related
with the Carcavai fault, suggesting its extension towards NE,
which has implications on its seismogenic potential.

Figure 16 shows the suggested trace for the Carcavai fault
and its kinematic behavior.

} Craatemary
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Fig. 15. Geologic map of the Quarteira-Faro region
showing the localization of geo-electric boreholes, and
geologic cross section with the fault zones identified in
the area (adaptaded from Geirnaert et al., 1982; Dias,

2001).

Fig. 15. Mapa geoldgico da zona de Quarteira-Faro com
200 a localizagdo de sondagens geo-eléctricas e corte
e geolégico evidenciando as zonas de falha indentificadas
na area (adaptado de Geirnaert et al., 1982; Dias, 2001).
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Fig. 16. Proposed trace for the Carcavai fault zone
(geological map adapted from Manuppella, 1992). 1,
Paleozoic; 2, Triassic; 3, Jurassic; 4, Cretaceous; 5,
Miocene; 6, Pliocene-Pleistocene; 7, Quaternary; 8,
Alluvium; 9, reverse fault; 10, strike-slip fault; 11,
hidden fault.

Fig. 16. Tracado proposto para a zona de falha de
Carcavai (cartografia geoldgica adaptada de Manuppella,
1992). 1, Paleozbico; 2, Triéssico; 3, Jurassico; 4,
Cretécico; 5, Miocénico; 6, Pliocénico-Plistocénico; 7,
Quaternario; 8, Aluvido; 9, falha inversa; 10, falha de
desligamento; 11, falha oculta.
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6. Final comments

The Carcavai fault is probably a late-Variscan fault reactivated
during the Mesozoic extensional phases of the development of
the Algarve’s Basin, and latter during the tectonic inversion
phases that affected this Basin still in the Mesozoic and in the
Cenozoic.

From the acquired data we can infer that the Carcavai fault is
a structure with neotectonic activity (intended as tectonic activity
since the Pliocene), with a low activity rate, probably behaving as
a left lateral strike-slip fault with a reverse component. Taking its
mapped length, we infer that it has the potential to generate high
magnitude (>6) seismic events. This is consistent with evidence
of surface faulting and the generation of structures interpreted as
seismically induced liquefaction features, such as the described
clastic dikes. The total length of the fault zone, more than 20 km,
is still unknown, as it continues offshore (Noiva, 2009) and
probably also to the NE.

Due to the lack of a value for the horizontal offset of the
Carcavai fault, and its dominant strike-slip kinematics, the
estimated slip rate of 0.01 mm/yr and average recurrence interval
of 60,000 years represent minimum values calculated from the
vertical component of displacement.
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