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Staircases of wave-cut platforms in western central Portugal (Cape
Mondego to Cape Espichel) — relevance as indicators of crustal uplift
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Abstract: This study addresses coastal terrace staircases of western central Portugal (Cape Mondego
to Cape Espichel). Below the culminant marine unit, that records the last episode of aggradation
before the ongoing stage of incision, several terrace levels are identified. The following methodology
was used: a) production of geomorphological maps, combining analysis of detailed MDT’s and aerial
photos, with field surveys calibrated with GPS data; b) stratigraphic and sedimentological study of
the sedimentary deposits associated with the marine platforms; c) luminescence dating. On each
terrace staircase, the number of platforms and their elevations are different, indicating differential
uplift. Quartz OSL provided age estimates up ca. 150 kyr and post-IR IRSL on K-feldspar up to ca. 700
kyr for the marine terraces under study. Using the culminant platform as reference and assuming
that it is 3.6 Ma old, uplift rates were estimated as ranging from 0.071 m/ky to 0.019 m/ky. The
ongoing luminescence dating will provide the uplift rates estimated for the lower and middle marine
terraces.
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1. INTRODUCTION for c'iiscussion). With thg exception of some recent

studies focused on localized sectors (e.g. Ramos et
1.1 Previous studies al., 2012; Figueiredo et al., 2013; Carvalhido et al.,
2014), the Portuguese Atlantic coastal zone has not
been studied with sufficient detail near the mouth of
the main Portuguese rivers (Tejo, Mondego and
Douro) in terms of: 1) detailed geomorphologic
mapping, for terrace identification; 2) sedimentary
facies analysis of the terrace deposits, necessary for
the interpretation of depositional paleoenvironments
and paleoclimates; and 3) reliable absolute dating, in
order to provide an age framework. In the study area,
uplift rates ranging from 4.2 to 0.4 mm/yr proposed
by Benedetti et al. (2009) to Late Pleistocene marine
terraces (raised beaches) of Estremadura seem quite
unlike in a passive continental margin, even if
considered to be in transition to active.

Since the 1940’s, coastal/marine terraces have been
studied by geoscientists for their archaeological
content, but also because of their geomorphological
and sedimentary significance for environmental
change. A general stratigraphic framework of the
Portuguese marine terraces was established by
Teixeira (1979), based upon the elevation of wave-cut
platforms that were correlated with marine terraces
of the Mediterranean sea, albeit located in different
geodynamic contexts. Their model for marine terrace
development was purely eustatic and did not account
the influence of local or regional tectonics for the
generation and evolution of marine terraces.

Later studies have explored the relationship between

coastal Quaternary deposits and tectonics (e.g. 1.2 Using wave-cut platforms as indicators of uplift
Pereira, 1990; Araujo, 1991). However they focused

on local studies and their methodology was limited to Since the Pliocene, the periods of high sea-level
the extent that it is difficult to apply their datasets to produced staircases of wave-cut platforms at coastal
support a general stratigraphic framework for the reaches undergoing crustal uplift. Through a detailed
western Portuguese coastal zone (see Cabral, 2012 identification of these erosion surfaces we can

estimate the regional uplift rate for western Portugal
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but also infer active faults responsible for differential
uplift. In order to quantify crustal uplift rates using
marine terraces as geomorphic markers the age and
height of the terraces must be known and then
integrated with the height of global sea level at the
time of terrace formation using the equation: U = (Z -
Zo - SL) / t, where U= uplift rate; Z= elevation of the
marine terrace above the present sea level; Zo =
elevation at which the feature formed relative to
coeval sea level (depths are negative); SL= sea level at
the time of the marine terrace formation; and t = age
of the marine level used.

In this contribution we present some results of the
ongoing study focused on the coastal terrace
staircases of western central Portugal, namely those
near the Mondego River mouth - Mondego Cape and
the Tejo River mouth (Abano beach — Cascais, around
Raso Cape) and Espichel Cape (Fig. 1).
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Fig. 1. Location of the studied coastal areas in western central
Portugal, namely Mondego Cape, Abano beach — Cascais, around
Raso Cape, and Espichel Cape. MDT obtained from Ryan, 2009.

2. METHODS

The ongoing work uses the following methodology: a)
production of geomorphological maps, combining
analysis of detailed MDTs and aerial photos, with field
surveys calibrated with GPS data; b) stratigraphic and
sedimentological study of the sedimentary deposits
associated with the marine platforms; c) absolute
dating, by using luminescence and TNC methods.
Field-work comprised: geomorphologic and geologic
survey of each site; observations at outcrops and
trenches; detailed stratigraphic and sedimentological
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descriptions; sampling for textural and compositional
analysis and absolute dating. Laboratory works
included: sedimentological determinations (of grain-
size and composition of the sediments; identification
of palinomorphs; luminescence dating by Quartz -
Optical stimulated luminescence (OSL) and post-IR
IRSL (K-feldspar) methods (Buylaert et al., 2012).

3. RESULTS AND DISCUSSION

3.1 Geomorphology

3.1.a. Mondego Cape

At the Mondego River mouth — Mondego Cape
coastal area, the relief is dominated by a vast
Pliocene wave-cut platform and associated marine
sandy unit ~10 m thick, at a height ranging from 75 m
(at the south) to 257 m (at the north), which base has
an age of 3.6 Ma (Ramos & Cunha, 2004). The
Mondego River has incised into the Pliocene
aggradation surface and its long drainage evolution is
recorded by a series of entrenched river terraces.
These river terraces are better preserved on the
right-hand (northern) bank, where they form a
staircase developed against the uplifted Mondego
Cape - Boa Viagem range. Here, a set of five river
terraces represented by sedimentary deposits or
erosional straths (T1 at +126-123 m; T2 at +99-88 m;
T3 at +59-58 m; T4 at +27-22 m; T5 at +8-6 m) is
preserved below the culminant marine platform and
associated sedimentary unit at a height of 160 m.
Luminescence dating ages were obtained from the
terrace deposits: >390 kyr from the middle of T4;
>170 kyr from the top of T4; ~120 kyr from the base
of T5; ~109 kyr from T5 (Ramos et al., 2012). At the
Mondego Cape, located in the most uplifted sector of
Boa Viagem range, several wave-cut platforms and
associated coastal deposits are preserved: P at 250
m; T1 at 100 m (Soares et al., 2007); T2 at 20 m; T3 at
10 m.

3.1.b. Raso Cape (Abano beach - Cascais)

In this area, identification of marine platforms is
difficult because of the small steps between
platforms, the covering by aeolian sands and due to
the fact that some surfaces are structural (the
limestone stratification has a low dip). After the study
of Duarte et al. (2014), new field surveys allow us to
propose the following wave-cut platforms (Fig. 2) for
the lower erosion surfaces, recognizable well below a
regional wide wave-cut platform at a height of 100 to
70 m, probably with an age of ca. 3.6: T1, small
remnants of a platform at ~40 m; T2, a platform at
~35 m (inner edge) to ~28 m (outer edge), covered
with  beach limestone boulders/cobbles and
siliciclastic coarse sands and an upper colluvium; T3, a
platform at ~24 m (inner edge) to ~18 m (outer edge),
covered with beach siliciclastic pebbles and coarse



82 Simposio sobre el Margen Ibérico Atldantico MIA15

sands; T4,a small platform at ~9 to 10 m (inner edge),
covered with residual siliciclastic pebbles and coarse
sands; T5 — a poorly preserved small bench at ca. 4 m.
Sometimes, the step between T3 and T4 is difficult to
distinguish. The area has also a cover of Pleistocene
aeolian units; at Oitavos site, were identified: a) a
basal unit of medium sands at 32 m, > 1 m thick, with
horizontal lamination and rich in muscovite, dated by
Quartz OSL as 97 kyr (unpub.); b) a middle unit, 1 m
thick, comprising moderately consolidated coarse
sands with horizontal lamination and a paleosol
containing Helix shells and organic matter dated as
35-30 kyr BP (C“; Monge Soares et al., 2006); c) an
upper unit, ca. 10 m thick and consisting of cemented
coarse sands with steep dune foresets, dated as 15 to
12 kyr (radiocarbon and quartz OSL; Prudéncio et al.,
2007).

Marine terrac
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Fig. 2. Map of the marine terraces recognized at the Abano beach —
Cascais reach.

3.1.c. Espichel Cape

At the Espichel Cape, bellow the culminant marine
platform and associated residual sedimentary
deposits (P, at 220 to 140 m, probably with an age of
ca. 3.6 to 1.8 Ma), a total of nine marine terraces can
be identified (Fig. 3 and Tab. I): at the southern reach,
the staircase of marine terraces is clear; at the
western reach (the promontory), cemented beach
sands and gravels are present at several levels; and at
the northern coastal reach, wide platforms can be
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identified. Most of the marine terraces are only
represented by wave-cut platforms, sometimes with
residual beach deposits, but also with a cover of
aeolian sands.

3.2 Stratigraphy and sedimentology

The coastal terraces are typically dominated by beach
deposits (boulders to coarse sands), but in some
cases may contain lagoonal (grey muds), aeolian
(medium to very fine sands with paleosols) and
colluvial facies (heterometric angular clasts, of local
provenance). When integrated with age data, such
data are useful for paleogeographic reconstruction
and climatic interpretations.

Hacrgarms.

Fig. 3. Map of marine terraces identified at the Espichel Cape area.

Espichel Cape - Espichel Cape - West Espichel Cape -
North South

P - Culminant P - Culminant P - Culminant
platform at 150m platform at 140m platform at 150m

T1 - Platform at T1- Platform at 127m | T1 - Platform at
138m 130m

T2 - Platform at T2 - Platform and Not recognized

78m

110-100m beach sands at 114m
T3 - Platform at T3 - Platform and Not recognized
90-75m beach sands at 85-

T4 - Platform at
70 - 60m

T4 - Platform and
beach sands at 73-
67m

Not recognized

T5 - Platform at
50m

T5 - Platform and
beach sands at 61 -
53m

TS - Platform at
60m

Not recognized

T6 - Platform and
beach sands at 45m

T6 - Platform at
45m

Not recognized

T7 - Platform and
beach sands at 38m

T7 - Platform at
35m

Not recognized

T8 - Platform and

beach sands at 28-24m

T8 - Platform at
25m

Not recognized

T9 - Platform at 8m

T9 - Platform and
beach sands at 8m

Tab. I. Correlation of the marine terraces identified at Espichel

Cape, consisting of wave-cut platforms sometimes covered with
beach coarse sands and gravels. For each platform, the presented
values correspond to the inner and outer edges.

3.3 Geochronology

The upper limit of radiocarbon dating is ca. 40 kyr, so
it can be used to date the Late Pleistocene aeolian
coastal sands, but not the marine terrace deposits.



Luminescence dating indicate that the coastal
deposits have dose-rates much lower than the fluvial
deposits studied inland, increasing the upper limit of
the dating. OSL on quartz could date sediments up to
ca. 150 kyr and post-IR IRSL on K-feldspar up to ca.
700 kyr for the marine terraces under study (unpub.).
Taking into account the dating of the Lower Tejo
River terraces (Rosina et al., 2014), Electron Spin
Resonance (ESR) could date terrace deposits ranging
in age 400 ka to 1.1 Ma. Cosmogenic Radionuclide
dating (CRN; using the isotopes ‘°Be and *°Al) could
date deposits ranging in age 400 ka to 2 Ma. CRN and
ESR will be used to evaluate the age of exposure of
the culminant marine unit (supposed to be
Piacenzian) and the old terraces (Lower to Middle
Pleistocene).

3.4 Estimation of uplift rates

Using the culminant platform as reference and
assuming that it is 3.6 Ma old, the following long-
term crustal uplift rates can be estimated: 1) Cape
Mondego — 0.071 m/ky (257/3600); 2) Mondego
River mouth — 0.044 to 0.021m/ky (160 to 75/3600);
3) Cape Raso — 0.019 m/ky (70/3600); 4) Cape
Espichel — 0.061 to 0.039 m/ky (220 to 140/3600).
The ongoing luminescence dating will provide the
uplift rates estimated for the lower and middle
marine terraces.

4. CONCLUSIONS

On each studied coastal staircase, the number of
wave cut platforms and their elevations are different,
indicating differential uplift.

Using the culminant wave-cut platform as
geomorphic reference and assuming that it is 3.6 Ma
old, long-term crustal uplift rates were estimated as
ranging from 0.071 m/ky to 0.019 m/ky.

Quartz OSL provided age estimates up ca. 150 kyr and
post-IR IRSL on K-feldspar up to ca. 700 kyr.

The ongoing luminescence dating will provide the
uplift rates estimated for the lower and middle
marine terraces.
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PRESENTACION DE MIA15

Han transcurrido 20 afios desde que en el afio 1994 se realizé la convocatoria del 12 Simposio
Internacional sobre el Margen Continental Ibérico Atlantico (MIA). Es momento de hacer
balance de los logros alcanzados durante este tiempo, y analizar las dificultades encontradas
en este largo camino que hubieran podido ralentizar la deseable dinamica de cooperacion
cientifica marina que este foro fomenta entre los dos estados ibéricos.

No son pocos los retos cientificos que habran de arrostrarse en el inmediato futuro y que
requeriran enfoques cientificos coordinados y cooperativos, puesto que centraran su atencién
prioritaria en la zona costera y en las aguas azules que son jurisdiccién de ambos estados:
Portugal y Espafia. Ejemplos recientes como las Estrategias Marinas Europeas o la Directiva de
Habitats, ponen de manifiesto la necesidad de establecer vinculos de cooperacién cientifica
gue permitan ejecutar la tarea de investigacion -y muy probablemente de gestion cientifica
futura-, desde una perspectiva interdisciplinar coordinada de excelencia cientifica, para la cual
ambos estados cuentan con el necesario capital humano altamente cualificado. El
aprovechamiento de este inmenso potencial humano en favor de los retos cientificos que
plantea el uso intensivo del dominio litoral y el medio marino, exige el fomento de una
atmoésfera de confianza que facilite la integracién de grupos de investigacion transnacionales
gue afronten la tarea que queda por hacer.

No es ocioso sefialar que el foro de encuentro que ha creado la comunidad cientifica marina
ibérica, aprovechando la dinamica de las celebraciones trienales del Simposio MIA, ha de
seguir ofreciéndose como plataforma que permita catapultar nuevas iniciativas de cooperacion
bilateral o multilateral. Con esta finalidad convocamos, una vez mdas y por octava vez

consecutiva, este foro cientifico que centra su atencién en el medio marino Ibérico Atlantico,

abarcando el area maritima peninsular e insular Macaronésica.

¢Por qué hemos elegido Mdlaga para esta celebracion? El Simposio MIA se viene celebrando
desde el afio 1994 en diversas ciudades ubicadas en la costa peninsular ibérica atlantica
(Lisboa, Cadiz, Faro, Vigo, Aveiro, Oviedo, Lisboa). Transcurridos sus 20 primeros afios de vida,
podemos empezar a realizar algunos matices que la propia evolucién del conocimiento
cientifico ha ido introduciendo en los diversos enfoques de la investigacion marina. Asi
sabemos que la regién maritima que bafa la provincia de Mdlaga, junto con la de Cadiz, es
singularmente atlantica y mediterranea a la vez. Su litoral estd bafado por las aguas del mar
de Alboran cuya dinamica marina, profundamente influenciada por el Océano Atlantico,
determina la circulaciéon en toda la cuenca mediterrdnea. Su proximidad al Estrecho de
Gibraltar le permite beneficiarse de los flujos de agua superficial atlantica, al tiempo que
canaliza los ultimos pasos de la corriente mediterranea profunda en busca de su salida hacia el
Océano Atlantico hasta alcanzar las areas mas septentrionales de Hatton Bank en la Cuenca de
Islandia.

Esta naturaleza atlantica le permite acoger en su entorno una gran diversidad de especies
ocednicas, al mismo tiempo que muestra los ultimos reductos de especies endémicas



mediterraneas, como por ejemplo la Posidonia oceanica. Dicha circunstancia hace que nos
replanteemos los enfoques que tenemos que introducir en las investigaciones transversales,
de forma que permitan establecer la conveniente interdisciplinaridad entre determinadas
disciplinas cientificas. Una de las intenciones que motiva la celebraciéon de MIA15 en la ciudad
de Malaga, es fomentar el incremento de nuestra comunidad cientifica para poder avanzar en
la integracion de perspectivas novedosas que nos ayuden a comprender mejor la interrelacion
existente entre los procesos oceanograficos que definen el eje Golfo de Cadiz/Estrecho de
Gibraltar/Mar de Alboran, tan atlanticos como mediterraneos y tan mediterraneos como
atlanticos.

Son varios los grupos de investigacion luso-espaioles que cooperan en el estudio cientifico de
esta estratégica zona marina, y es momento de darles la oportunidad para que puedan
presentar aquellas comunicaciones que versen sobre diversos aspectos de la oceanografia
atlanto-mediterranea suribérica. No cabe duda que estas aportaciones arrojaran luz sobre el
conocimiento que tenemos de la influencia que ejerce el mar Mediterraneo en el Océano
Atlantico, y sus litorales.

Madlaga, abre sus puertas a la presentacion de comunicaciones de todos los grupos de
investigacion interesados en participar en el Simposio MIA15, fomentando la participacion de
jovenes cientificos que quieran defender en publico las conclusiones de sus estudios
doctorales, masterandos o de cooperacidon en proyectos, y asi provocar enriquecedoras
discusiones con el resto del foro.

Es conviccion de la Comisién Organizadora que las presentaciones estaran a la altura de la
excelente calidad de los resumenes extendidos que componen la sustancia de este volumen.
Deseamos ademas que las proximas celebraciones, que ya se anuncian para Coimbra 2018 y
posteriormente Bilbao 2021, refuercen los lazos de cooperacién ibéricos y que nuestra
Comunidad Cientifica Marina sepa afrontar los retos que el futuro nos depara, y que sin lugar a
duda nos ayudardn a conocer mejor nuestro Planeta y a gestionar apropiadamente sus
recursos.

Dr. Victor Diaz del Rio Espafiol
Coordinador MIA15
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