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ABSTRACT

LUZ, C. I.; RODRIGUES, A.; TABORDA, R., OLIVEIRA, A.; DUARTE, J. and MORGADO, A., 2006. The Sines
Cape and its influence on the littoral sediment transport (Sines, Portugal). Journal of Coastal Research, SI 39
(Proceedings of the 8th International Coastal Symposium), 639 - 643. Itajaí, SC, Brazil, ISSN 0749-0208.
Geologically, the Sines Cape corresponds to a sub-volcanic structure, placed at the southern end of a sandy coast (the
Tróia-Sines Arc) and at the beginning of a southern extent rocky coast. Sines Cape is a sediment source to the inner
shelf deposits, but also plays an important role in littoral processes. A multidisciplinary survey was conducted,
during typical winter conditions, in order to understand morphology and sedimentary dynamics in the cape vicinity.
Three representative sectors of the northern sandy coast, the protected bay, and southern rocky coast, were surveyed.
Multibeam data, topographic data and sediment samples, were acquired along a cross shore transect, between the 30
isobaths and the beach, in order to characterize the morpho-sedimentary variability. The inner shelf detrital
sediments are coarse sands, reflecting the wave energy, except in the protected bay where sands are finer and have
higher carbonate content. The northern beach, open to a dominant wave regime, showed sedimentary structures
(sand waves) that, in six weeks, moved significantly. Due to the rocky outcrops and thin sedimentary cover, the other
2 areas showed no relevant modifications.
ADDITIONALINDEX WORDS: Sediment dynamics, long-shore transport.

INTRODUCTION
The southwest coast of the Iberian Peninsula has a general NS direction, being its morphology the expression of the
continuous erosion of different aged formations. The Sines cape
(Figure 1) corresponds to a sub-volcanic structure placed,
during the upper Cretaceous (BOILLOT et al., 1978; OLIVEIRA et
al., 1984), in a long NNW-SSE deep crustal lineation (RIBEIRO
et al., 1979; INVERNO et al., 1993). The north of Sines cape
coastal zone shows a regular morphology due to the existence of
thick quaternary sands. This coastline has more than 50 km long
and no major morphological barriers to the long-shore sediment
transit. Cliffs or dunes, in different mature stages, enclose beach
profiles of this coastal area.
The irregular morphology of the south sector is originated by
the outcropping of older Palaeozoic and Jurassic metamorphic
formations.
Geomorphological analysis of the bathymetry shows that
Sines littoral features extend to the adjacent inner shelf. In fact,
most part of the volcanic mass, with an elliptic E-W form, is
located below the sea level and is associated to a dense grid of
acid and basic dykes, orientated mainly in a N-S and E-W
directions (INVERNO et al., 1993). This structure acts as an
exotic sediment source (POMBO, et al., this issue), and affects
sediment distribution patterns.
This coastal area is exposed to the high energetic North
Atlantic swells. According to COSTA et al., (2001), the
dominant wave directions are from NW and W (97%), with the
SW direction representing only 3% of the observations. Waves
with heights of 1-2 m and periods of 5-7 s represent almost half
of the observations (49% and 44%, respectively). However,
during storm events (3 % of the observations) waves are as high
as 5-6 m (in exceptional events can exceed 10 m high) and peak
periods of 9-13 s.
The aim of this paper is the characterization of the bottom
morphology and the dynamics of the sedimentary cover in the
vicinity of the Sines Cape. The presented work is a part of a
multidisciplinary approach, which includes: geomorphology,
sedimentology and physical oceanography.
Three distinct areas (Figure 1) were considered to be
representative of different beaches and shelf morphologies:

Figure 1. Localization and studied area.
Praia do Norte (located in the north of Sines Cape, south limit of
a natural sandy coast - and named as Area 1); Praia de S. Torpes
(in the Sines bay and named as Area 2); and Praia da
Samouqueira (further south and named asArea 3).

METHODS
With the purpose to characterize sediments transport and
bottom morphology variability, induced by high-energy wave
climate, two surveys with a multibeam system, current data
acquisition (RCM9 and ADCP) and sediment sampling were
performed during the winter period. The first survey took place
in January 2003 (currentmeters were deployed at 20 m depth)
and the second one was performed in March 2003 (with the
recovering of currentmeters).
Multibeam data was acquired, using the SIMRAD EM3000
system, and processed in the CARIS-HIPS; data was
georeferenced and reduced to the hydrographic zero level;
sediment samples were collected with a Smith-McIntyre grab,
along a cross shore transect between the 30 m isobath (except in
the Area 1 were samples were collected up to 50 m deep) and the
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coarser than 500 µm (using 0.5 interval) and using a laser
MALVERN 2000 equipment on 0.02 to 500 µm grain-size. The
moment method was used to determine statistical parameters
and MCMANNUS (1988) classification was applied. All samples
were analysed in carbonate content and heavy mineral
mineralogy (see POMBO et al., this issue).

RESULTS
Area 1 and Praia do Norte
Although having an inactive upper beach, the Praia do Norte
shows evidences of high activity (Figure 2). Different
morphological features were observed: beach cusps, with
wavelength ranging between 150 m (concentrated in the upper
part of the beach profile) and 50 m, partially eroded in the 2
months period (between the two surveys); embrionary aeolic
dunes and small cliffs near the berm (indicating a persistent
wind effect).
In the adjacent continental shelf a very regular morphology,
with no outcrops, was observed in the digital multibeam image
(Figure 2). A prominent sandy deposit can be individualized in
the inner shelf, between 6 and 19 m depth, decreasing its width
from 425 m (northwards) to less than 200 m wide (southwards).
This deposit is highly dynamic, since significant morphological
differences were detected on the two months period. From
January to March, it is evident the sediments mobility, by the
filling up of earlier small channels and depressions.
In this sector, NNE-SSW sand waves can be recognized
between 13 and 23 m depth. The deeper ones are 1 m high and
have a wavelength of 80 m, decreasing this value towards the
shoreline (at 13 m depth the wavelength is 50 m). A submarine
pipeline, which works like a barrier on the longshore sediment
drift, disturbs the general morphology of this open wide sandy
shelf. In fact, deeper than 14 m (when it becomes exposed),

there is a clear accumulation up-north the conduit.
Collected beach sediments were classified as coarse sands, at
the berm; very coarse sands, at the beach face; and very coarse
sands to gravel, at the terrace. In general samples are medium
sorted and present positive to very positive skewness.
Coarse bimodal sands, with a very negative skewness, cover
the adjacent shelf (Figure 3).
The sand fraction is dominated by terrigenous (quartz is
dominant) and biogenic particles. The CaCO3 content ranges
between 1.33 (beach sample collected in January) and 14.49 (a
shelf sample collected in March).

Area 2 and Praia de S. Torpes
The Sines Cape protects this sector, located in the interior
bay, from de predominant NW waves. During the 2 month
period, this beach was dissipative, showing a smooth and
extensive face and terrace; no well defined berm was
recognized. Paleozoic outcrops interact with beach sediment
transport cells, and quartzitic pebbles and cobbles can be found
near the upper face of the beach. Sediments collected in the
beach profile (Figure 4) are medium sands (medium sorted and
very negative skewness), with high content in heavy minerals
(indicating proximity to the nearby volcanic complex and
metamorphic rocks from Palaeozoic). Carbonate content ranges
from 3.5% (in January) to 30.2 % (in March).
Sediments samples collected in the adjacent shelf were
classified as fine sands, in the deeper part, becoming coarser
(medium sands) with the decreasing depth (Figure 4). Two
samples have a secondary mode in the silty fraction, indicating
mixing with another sediment type and denoting a less energetic
environment in the inner shelf. An increasing in the silt and clay
content was detected in the samples 2 to 6, between January and
March, which can be related with inputs from the adjacent
continental area.

Figure 2.Area 1 multibeam image and collected samples location.
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Figure 3.Area 1 and Norte beach grain-size.

Figure 4.Area 2 and S. Torpes beach grain-size.

In general all samples are medium sorted and show very
positive skewness. Carbonate content ranges from 15.9% (in
January) to 85.6 % (also in January). The mean content of heavy
mineral percentage in medium to very fine sands, collected in
the S. Torpes beach and inner shelf, is significative.
The adjacent shelf is marked by extensive and irregular
outcrops (Figure 5), with clear structural lineations. Relevant
morphological features, with 3 to 8 m high, are related to some
differentiation, induced by distinct behaviour of different
petrographic formations under a continuous erosional process.
In fact, regional geological formations include the turbiditic
type (layers of coarse greywacke alternating with layers of silty
greywacke and carbonaceous shales) and a dense grid of
intrusive dykes, originated during the installation of the Sines
subvolcanic structure.
In what concerns sedimentary cover, only some sediment
infills of structural depressions can be recognized on the
multibeam image. Regarding the sedimentary cover, two major
deposits can be identified: one located inside the harbour and
another near the S. Torpes beach, the latest being a thin
sedimentary deposit that covers the inner shelf until 26 m depth.
Between January and March, some reorganization on
sediment structures took place, probably due to wave influence.
Also some infill of structural depressions (expressed by minor
bathymetric differences) occurred between those two surveys.
It is worth mentioning the well-developed meandering channel,
not filled with sediments that can be followed in the rocky
platform. Its meandric geometry is controlled by structural
lineations.
S. Torpes beach showed no significant morphological
differences from January to March. In both surveys hard
outcrops dominated the beach profile.

morphological changes during the two months period. The three
collected sediment samples are classified as coarse sands (well
sorted and positive to very positive skewness) (Figure 7).
The adjacent submerged beach and inner shelf have
widespread outcrops of older formations (metamorphic
Paleozoic carbonates). In this metamorphic formations several
deformations cycles are responsible for the high deformation
pattern and morphological irregularity. These outcrops are
exposed, since the sediments are not enough to cover them. In
fact, sediments were only found bellow the 20 m isobath. Their
surface shows several low-magnitude structures, originated by
sediment transport processes.
Between January and March, the multibeam images show
some morphological variations in the shallower area. Those are
mainly the decreasing area covered by sediments, including
structural depressions. Collected sediments in this area are
mainly coarse sands (Figure 6) with only two gravel samples.
All the collected sediments are well sorted and have a very
negative skewness (Figure 7). The carbonate content ranges
from 11.4 % (a beach sample collected in January) to 59.3 %
(from the inner in January).

Area 3 and Praia da Samouqueira
The Samouqueira beach is located further south from the
Sines Cape. Its rocky outcrops, mainly greywackes and shales
from Palaeozoic, dominate the beach and the inner shelf
morphology (Figure 6). The beach profile is composed by berm,
face and terrace, all well individualised, and showed no major

DISCUSSION AND CONCLUSIONS
Although being a preliminary study, this paper allowed the
establishment of some conclusions in what concerns
morphology and sedimentary cover of three beaches and
adjacent inner shelf in the vicinity of the Sines cape.
The Sines cape affects the littoral sedimentary processes
(providing exotic particles to the adjacent shelf) and represents
a barrier in what concerns littoral sediment transport.
The three surveyed areas, during the winter period between
January and March, have distinct morphologies and dynamic
behaviour as it is shown by multibeam images and sediment
grain size analysis.
The northern sector is covered with sandy sediments; the
surface of this sedimentary cover showed active structures that
are in equilibrium with oceanographic forcing.
In the opposite zone, the Samouqueira area is located far

Journal of Coastal Research, Special Issue 39, 2006

642

Luz et al.

Figure 5.Area 2 multibeam image and collected samples location.

Figure 6.Area 3 multibeam image and collected samples location.
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in winter periods). This statement is corroborated by the
increase of silt content in the samples collected from January to
March.
Finally, it must be stated that this study was conducted using
only two campaigns during wintertime. In order to understand
this littoral system, especially the circulation patterns that show
major morphological changes, it will be necessary to complete
sedimentological data interpretation and compare winter data
with a summer survey.
Future work will include current measurements,
meteorological informations and more detailed compositional
analysis of sediments.
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