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ABSTRACT

We present a synthetic view of continental-shelf evolutionary patterns around the Iberian Peninsula, focusing
on proposed sequence stratigraphy interpretations and attempting a comparison between Atlantic- and
Mediterranean-type shelf-margin constructions.

Most of the studied shelves show a dominance of regressive to lowstand deposition through successive
progradations, particularly evident in the Pliocene-Quaternary, documenting the influence of glacio-eustasy.
Transgressive to highstand development predating the Last Glacial Maximum seems to be favoured off major
rivers, but the highest variability is seen during postglacial evolution. Transgressive deposits tend to show a
higher spatial variability, ranging from prograded parasequences to extensive sand sheets. Holocene high-
stand deposits usually show a more homogeneous character, with development of proximal wedge-shaped
deposits and a distal sheet-like deposition.

Atlantic continental shelves off Iberia display three different types of shelf growth: depositional shelves,
shelves with restricted progradation and erosional shelves. They result from the interplay between deposi-
tional and hydrodynamic regimes, with the occurrence of a latitudinal gradation from erosional shelves in the
Cantabrian continental shelf to depositional shelves in the northern Gulf of Cadiz shelf. Some shelf sectors
do not correspond to this general pattern, as shelf sedimentation is mainly controlled by morpho-structural
features (e.g., ria environments and shelves crossed by major tectonic accidents). The Mediterranean conti-
nental shelves of Iberia show two basic types, high- versus low-supply shelves, and their growth patterns are
mainly a response to the amount of fluvial supply. The low-supply style is clearly the most frequent type, and
it may show further complexity according to the occurrence of submarine canyons and/or morpho-structural
control.

Key words: continental shelves, |Iberian Peninsula, glacio-eustasy, long-term evolution, morpho-structure,
sediment supply, sequence stratigraphy.
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Las plataformas continentales de la Peninsula Ibérica (ll):
Patrones sedimentarios evolutivos

RESUMEN

Presentamos una vision sintética de los patrones sedimentarios evolutivos de las plataformas continentales
de la Peninsula Ibérica, con un énfasis particular en las interpretaciones de estratigrafia secuencial propues-
tas y con el objetivo de realizar una comparacion entre los estilos de construccion de plataformas continen-
tales en el Atlantico y el Mediterraneo.

La mayor parte de las plataformas estudiadas muestran un claro predominio de los depdsitos progradantes
desarrollados durante intervalos de descenso relativo y de bajo nivel del mar, lo cual es particularmente evi-
dente en el registro sedimentario Plioceno-Cuaternario, reflejando el control primario de los cambios glacio-
eustdticos. Los depdsitos transgresivos y de alto nivel del mar previos al Ultimo Méximo Glacial parecen
estar mejor representados en plataformas continentales influenciadas por los grandes cursos fluviales. Los
depdsitos transgresivos postglaciales muestran una gran variabilidad espacial, cambiando lateralmente
desde parasecuencias progradantes hasta extensas laminas arenosas. Por el contrario, los depdsitos de alto
nivel del mar Holocenos muestran un cardcter mas homogéneo, con desarrollo de cunas sedimentarias pro-
ximales y depocentros fangosos distales.

Los diferentes estilos de crecimiento de las plataformas continentales atlanticas de Iberia resultan basica-
mente de la interaccion entre los regimenes deposicionales e hidrodinamicos, observandose una gradacion
latitudinal de plataformas desde la plataforma erosiva del Mar Cantabrico a la plataforma deposicional del
Golfo de Cadiz. Localmente, se identifican algunos sectores de la plataforma que no responden a este patron
general, sino que su crecimiento esta controlado por rasgos morfo-estructurales (por ejemplo, los ambientes
de rias y las plataformas atravesadas por accidentes tecténicos mayores). Los patrones de crecimiento de las
plataformas mediterraneas de Iberia estan estrechamente relacionados con el aporte fluvial, diferenciandose
dos estilos basicos: plataformas con alto aporte y plataformas con bajo aporte sedimentario. El estilo de bajo
aporte sedimentario es el tipo mas frecuente, el cual puede mostrar una mayor complejidad en funcion de la
existencia de cahones submarinos y/o de rasgos morfoestructurales.

Palabras clave: plataformas continentales, Peninsula Ibérica, glacio-eustasia, evolucion a largo plazo, morfo-
estructura, aporte sedimentario, secuencia estratigrafica.

VERSION ABREVIADA EN CASTELLANO
Introduccion

La evolucion sedimentaria de las plataformas continentales de Iberia esta controlada fundamentalmente por
fluctuaciones glacio-eustaticas (Fig. 1). Este factor de control ha sido determinado en las plataformas conti-
nentales atlanticas de Iberia para gran parte de la era Cenozoica. Por el contrario, la evoluciéon sedimentaria
de las plataformas continentales mediterraneas de Iberia durante el Plioceno-Cuaternario ha estado condi-
cionada por la Crisis de Salinidad del Messiniense que favorecio el desarrollo de una superficie de erosion
muy marcada a partir de la cual se construyd el perfil deposicional de las plataformas continentales. En este
trabajo se presenta una vision sintética de los patrones sedimentarios evolutivos de plataformas continenta-
les de Iberia, con dos objetivos fundamentales: (1) determinar la arquitectura sedimentaria por medio de una
aproximacion de estratigrafia secuencial; (2) realizar un andlisis comparativo de la evolucion de las platafor-
mas atlanticas y mediterrdaneas.

Resultados y discusion

Las plataformas continentales de la Peninsula Ibérica se han dividido en siete sectores de acuerdo con el con-
texto geo-morfoldgico y las condiciones regionales de aporte sedimentario y oceanogréficas: (1) Cantabria;
(2) Galicia; (3) Oeste de Portugal; (4) Golfo de Céadiz; (5) Mar de Alboran, (6) Sudeste de Iberia; y (7) Nordeste
de Iberia. A continuacion se presenta la arquitectura sedimentaria de las plataformas continentales de Iberia
siguiendo el orden de los sectores citados anteriormente.

La plataforma continental cantabrica esta compuesta en gran medida por depdsitos progradantes defor-
mados, generados durante descensos del nivel del mar del Plioceno-Cuaternario, y unicamente sedimenta-
cion marginal durante intervalos de bajo nivel del mar (Fig. 2). La sedimentacion postglacial esta dominada
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por la formacion de cuerpos fangosos en zonas del margen con una configuracion geomorfoldgica favorable
para la acumulacion sedimentaria.

La plataforma continental de Galicia esta caracterizada por el depdsito preferente durante condiciones de
descenso relativo del nivel de mar, con desarrollo ocasional de patrones de apilamiento indicativos de trans-
gresion-alto nivel del mar en el pre-Cuaternario. Durante el Cuaternario, gran parte del relleno sedimentario
ha quedado atrapado en las rias, destacando la formacidn de depdsitos transgresivos por encima de la super-
ficie erosiva del Ultimo Méximo Glacial (Fig. 3). Dichos depésitos transgresivos han sido relacionados con el
nivel del mar fluctuante condicionado por eventos climaticos como el Younger Dryas.

La plataforma continental Oeste de Portugal esta compuesta por cunas progradantes y valles encajados
frente a los cursos fluviales mas significativos durante el Cuaternario (Fig. 4). La arquitectura sedimentaria
postglacial estd caracterizada por una gran variabilidad de ambientes sedimentarios. Durante la estabilizacion
Holocena, se ha generado un cinturdn fangoso en la plataforma septentrional.

La plataforma continental del Golfo de Cadiz esta definida por el predominio de cunas progradantes regio-
nales interpretadas como cortejos sedimentarios regresivos y de bajo nivel del mar durante el Plioceno-
Cuaternario. El registro sedimentario del Cuaternario muestra la intercalacion de unidades progradantes y
unidades de espesor constante, que se interpretan como el resultado de sedimentacion durante condiciones
de descenso-bajo nivel del mar y ascenso-alto nivel del mar (Fig. 5), y se han asociado al control principal de
los ciclos eustéticos de 100 ka de periodicidad. Las secuencias sedimentarias estdn atribuidas a la superpo-
sicion de ciclos de 20 ka. Los depdsitos transgresivos postglaciales exhiben una gran variabilidad, desde
cunas progradantes costeras a depdsitos arenosos de espesor moderado y constante generados por el retra-
bajamiento durante la retirada erosiva de la linea de costa. Los depdsitos de alto nivel Holocenos incluyen
depdsitos deltaicos de distinta naturaleza, cunas progradantes infralitorales, cinturones fangosos y cuerpos
arenosos de plataforma media-externa.

La plataforma continental septentrional del Mar de Alboran muestra una arquitectura sedimentaria simi-
lar a la descrita en el Golfo de Cadiz durante el Plioceno-Cuaternario, con dominancia de facies progradantes
atribuidas a Cortejos Sedimentarios Regresivos y de Bajo Nivel del Mar (Fig. 6). No obstante, la comparti-
mentacion del margen continental de Alboran posibilita la formacion de patrones de apilamiento transgresi-
vos y/o del alto nivel del mar en determinadas zonas del margen. El registro postglacial muestra un Cortejo
Sedimentario Transgresivo poco desarrollado y un Cortejo Sedimentario de Alto Nivel del Mar formado por
depdsitos deltaicos arenosos y de elevada inclinacion, producto de flujos sedimentarios de alta energia, que
lateralmente evolucionan a cunas progradantes infralitorales en zonas sin aportes fluviales directos.

La plataforma continental del Sudeste de Iberia esta caracterizada por una gran variabilidad de patrones
de apilamiento (Fig. 7), donde zonas subsidentes alternan lateralmente con zonas que experimentan levan-
tamiento durante el Plioceno-Cuaternario. La plataforma durante el Cuaternario esta definida por el predo-
minio de cufas progradantes atribuidas a los periodos de descenso-bajo nivel del mar. La arquitectura del
registro postglacial no se conoce en detalle, pero se identifican parasecuencias transgresivas, pequenos
depdsitos deltaicos y cunas infralitorales.

La plataforma continental del Nordeste de Iberia esta definida por un prisma sedimentario Plioceno-
Cuaternario acumulado sobre una importante superficie de erosion atribuida al descenso del nivel del mar
Messiniense. La arquitectura sedimentaria del Cuaternario muestra la superposicion de cunas progradantes
regresivas cuya génesis se atribuye a la influencia de los ciclos eustaticos de 100 ka (Fig. 8). Las facies trans-
gresivas postglaciales muestran el predominio de cuerpos arenosos de espesor moderado, indicativos de
unas condiciones de aporte sedimentario limitadas. El Cortejo Sedimentario de Alto Nivel del Mar Holoceno
muestra deltas de dimensiones variables y cunas infralitorales en segmentos especificos de la linea de costa.

A gran escala temporal, los patrones evolutivos de las plataformas continentales alrededor de Iberia
muestran secuencias dominadas por depdsitos regresivos y de bajo nivel del mar, con un mayor desarrollo
de depdsitos transgresivos y/o de alto nivel del mar en zonas subsidentes durante el Plioceno-Cuaternario. A
escala Cuaternaria, las secuencias se han desarrollado al menos durante el Cuaternario Medio-Superior bajo
la influencia directa de ciclos de Milankovitch de 100 ka. Estas secuencias muestran en las zonas de mayor
influencia fluvial valles encajados. Los depdsitos transgresivos y de alto nivel del mar pre-glaciales muestran
en general un desarrollo limitado. Los depdsitos postglaciales muestran una variabilidad muy elevada, en
repuesta a diferentes condiciones de aporte sedimentario, cambio relativo del nivel del mar e intensidad de
procesos hidrodinamicos.

Los patrones sedimentarios evolutivos de las plataformas continentales atlanticas y mediterraneas de
Iberia son diferentes. Las plataformas continentales atlanticas reflejan una gradacion latitudinal, desde pla-
taformas erosivas en el Mar Cantabrico hasta plataformas deposicionales en el Golfo de Cadiz, producto de
la interaccion entre el régimen deposicional y las condiciones hidrodinamicas. Localmente, se identifican seg-
mentos de plataforma con un fuerte control morfo-estructural, como las rias-plataformas de Galicia o las pla-
taformas surcadas por accidentes tectonicos mayores (Fig. 9). Los patrones evolutivos de las plataformas
continentales mediterraneas son fundamentalmente una respuesta a las condiciones de aporte fluvial, dife-
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renciandose las plataformas de alto aporte representada por la plataforma del Ebro y el resto de plataformas
continentales mediterraneas, consideradas como de bajo aporte sedimentario. Estas ultimas pueden mostrar
una mayor variabilidad, en funcién de la existencia de canones submarinos y/o de control morfo-estructural

(Fig. 10).

Introduction

The growth and evolutionary patterns of peri-conti-
nental shelves are determined to a large extent by
allocyclic glacio-eustatic fluctuations. Atlantic-type
shelves represent a significant example of this kind of
evolutionary pattern, as glacio-eustasy is a major
driver of sequence boundary generation during most
of the Cenozoic epoch (e.g., Browning et al., 2013;
Katz et al., 2013). The growth patterns of
Mediterranean shelves are slightly different, as the
stratigraphic record of most Mediterranean margins
is strongly marked by the occurrence of the
Messinian Salinity Crisis that led to a large sea-level
fall (Hsl et al., 1973) causing extreme erosion and
incision on the margins, with development of a pro-

nounced unconformity (the Messinian erosional sur-
face) and large canyon systems. This surface was
overlain by a thick Pliocene-Quaternary progradation-
al prism which re-established typical shelf-slope mor-
phologies (Lofi et al., 2003; Garcia et al., 2011).
During the Quaternary, Milankovitch-type, sea-
level cyclicity has governed the main cycles of conti-
nental shelf growth at different time scales; particular-
ly, Middle-Upper Pleistocene sequences have formed
under the control of 100 and 20 ka cycles (Fig. 1). 100
ka sea-level cycles are the expression of glacial-inter-
glacial cycles during the last ca. 800 ka; these cycles
were characterized by long-lived, sea-level falls and
abrupt sea-level rises connecting short-lived low-
stands and highstands (e.g., Siddall et al., 2007) (Fig.
1A). The most recent 100 ka cycles are modulated by

Figure 1. Patterns of Middle to Late Quaternary sea-level change. (A) The pattern of sea-level change during the last 800 ka obtained from
different oxygen isotopic sources. Marine isotope stages are numbered. Modified from Siddall et al. (2007). (B) Relative sea-level data
(blue crosses) and maximum-probability of relative sea-level (grey shading) for the last 150 ka. Modified from Grant et al. (2012).

Figura 1. Curva de cambio del nivel del mar durante el Cuaternario Medio y Superior. (A) Curva de cambio de nivel del mar durante los
ultimos 800 ka obtenido a partir de diferentes fuentes de isotopos de oxigeno. Modificado a partir de Siddall et al. (2007). (B) Cambios
relativos del nivel del mar (cruces azules) y probabilidad maxima de variacion relativa del nivel del mar (sombreado gris) para los ultimos

150 ka. Modificado a partir de Grant et al. (2012).
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sea-level cycles of shorter duration (i.e., 20 ka) that are
related to stadial interstadial climatic variability. In
general terms, 20 ka sea-level cycles also display an
asymmetric character, with stepped, relatively gentle
sea-level falls and abrupt stadial terminations (e.g.,
Siddall et al., 2010; Grant et al., 2012) (Fig. 1B). The
last major sea-level fall led to the LGM at around 19-
20 ka, when sea levels fell between 120 m (e.g.
Fairbanks, 1989; Bard et al., 1996; Hanebuth et al,
2000) and 140 m below the present-day level and the
coastline was located near the shelf edge (Dias, 1987;
Dias et al., 2000; Rodrigues et al., 2000). The post
LGM sea-level rise was not monotonic, intervals of
high rates of sea-level rise known as Meltwater Pulses
were disrupted by short-lived stillstands (Fairbanks,
1989, Bard et al., 2010; Deschamps et al., 2012).

The 100 ka sequences exhibit a relatively homoge-
neous character and composition in most margin set-
tings (e.g., Rabineau et al., 2005; Bassetti et al., 2008;
Ridente et al.,, 2009), being mainly composed of
stacked progradational wedges involving prograda-
tion during periods of relative sea-level fall. However,
the expression of 20 ka sequences is more variable as
a function of oceanographic regimes and conditions
of sediment flux and transport (Lobo and Ridente,
2014). The stacking pattern of the sequences appears
to be controlled by the relationship between the rates
of subsidence and sediment supply (e.g., Lofi et al.,
2003; Maselli et al., 2010; Rabineau et al., 2014).

Continental shelves contouring the Iberian
Peninsula constitute an outstanding example for
understanding the different factors involved in shelf
margin development, and in particular to attempt a
comparison between Atlantic- and Mediterranean-
style growth patterns. Some recent synthetic studies
have summarized several continental-margin, geo-
logical features around the peninsula; however, these
studies have either been restricted to the description
of large-scale seafloor geomorphology (Maestro et
al., 2013) or focused on the deep-water sedimentary
record, namely along-slope contourite features
(Hernandez-Molina et al., 2011). In order to fill the gap
in knowledge regarding the shelf environment, we
summarize the existing knowledge concerning conti-
nental shelf evolution around the Iberian Peninsula,
with emphasis on: (1) sequence stratigraphic pat-
terns: and (2) the distinction between Atlantic- and
Mediterranean-type shelf construction. We have fol-
lowed the same partition of shelf sectors used in the
companion paper dealing with shelf morphology and
sediments (Fernandez-Salas et al., this issue).
Readers are also referred to this study for document-
ing regional geological and oceanographic conditions
prevailing in each of the shelf sectors. For sequence

stratigraphy-based interpretations, we adhere to the
four-fold subdivision of system tracts developed dur-
ing a cycle of relative sea-level change: lowstand sys-
tems tract (LST), transgressive systems tract (TST),
highstand-systems tract (HST) and falling-stage sys-
tems tract (FSST) (or equivalent terminology for
deposits generated during falling sea-level condi-
tions, such as regressive-system tracts, or falling
regressive wedge-system tracts) and the most impor-
tant bounding surfaces, such as the sub-aerial uncon-
formity, the transgressive surface and the maximum
flooding surface (e.g., Zecchin and Catuneanu, 2013).

Continental Shelves around the Iberian Peninsula:
Sedimentary Architecture and Evolution

The Cantabrian Continental Shelf

The Cantabrian continental shelf occupies the north-
ern margin of the Iberian Peninsula in the Bay of
Biscay (Fig. 2A). Knowledge regarding the construc-
tion of this shelf is very limited at present.

Pre-Quaternary

In general, the shelf is poorly developed (Fig. 2A) due
to an efficient downslope sediment transfer through
canyons and channels (Ercilla et al., 2008). The open-
ing and oceanic spreading of the Bay of Biscay clearly
dictated the embrionary geomorphological configura-
tion of the margin during the Mesozoic. Carbonate
sedimentation was established on the continental
shelf during the Cretaceous, with a maximum thick-
ness greater than 2 km (Pascual et al., 2004). The sed-
imentary architecture of the Cantabrian continental
shelf shows oblique-parallel configurations of inferred
Cretaceous to Miocene age (Fig. 2B), frequently dis-
rupted and/or deformed by faults and folds (Vigneaux,
1974). The Cenozoic convergence between the lberian
and European plates caused the overall steep geo-
morphology of the margin (Maestro et al., 2013).

Quaternary

The sedimentary architecture of the Cantabrian conti-
nental shelf reveals periodic shelf erosion during this
time, and only residual deposition at the shelf margin
during the Late Pleistocene (Ercilla et al., 2008) (Fig.
2C). Repeated sea-level oscillations are recorded on
the shelf by incised valleys (Pascual et al., 2004;
Galparsoro et al., 2010).
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Figure 2. Representative examples of the sedimentary architecture of the Cantabrian continental shelf. (A) Physiographic setting of the
Cantabrian margin highlighting the shelf bathymetry, with indication of the onland geology, river systems and location of representative
seismic profiles (examples B and C). (B) Geopulse seismic profile showing heavily folded ancient shelf strata and a widespread erosional
surface on top, with development of escarpments in relation with intensified erosion processes. Modified from Maestro et al. (2013). (C)
Airgun seismic profile showing the shelf-margin wedge possibly related to the LGM lowstand. Modified from Ercilla et al. (2008).

Figura 2. Ejemplos representativos de la arquitectura sedimentaria de la plataforma continental cantabrica. (A) Emplazamiento fisiografi-
co del margen cantabro destacando la batimetria de la plataforma, e incluyendo la geologia de tierra, los sistemas fluviales y la localiza-
cion de perfiles sismicos representativos (ejemplos By C). (B) Perfil sismico de Geopulse mostrando estratos antiguos de plataforma fuer-
temente plegados y una superficie erosiva a techo, con desarrollo de escarpes morfoldgicos indicativos de intensificacion de procesos
erosivos. Modificado a partir de Maestro et al. (2013). (C) Perfil sismico de Airgun mostrando una cuna sedimentaria de borde de plata-
forma posiblemente relacionada con la posicién de bajo nivel del mar durante el Ultimo Maximo Glacial. Modificado a partir de Ercilla et
al. (2008).
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Postglacial Transgression

After the Last Glacial Maximum (LGM), a thin trans-
gressive layer was formed on the shelf up to 6 ka
(Pascual et al., 2004). The landward coastline dis-
placement caused the infilling of estuarine areas,
mainly by transgressive and highstand deposits
(Uriarte et al., 2004).

Holocene Highstand

During the last 6 ka, recent deposition above the ero-
sional surface of the shelf is mainly composed of a
transparent drape interpreted as muddy patches
(Ercilla et al., 2008; Jouanneau et al., 2008). These
muddy drapes tend to be restricted to water depths
shallower than 80 m, and attain maximum thickness
greater than 10 m. In places, the surficial drape shows
superimposed westward-oriented sediment waves
(Ercilla et al., 2008). The best studied depocentre
occurs in the middle shelf off the Basque Country, in
the easternmost area of the Cantabrian continental
shelf. This deposit attains a maximum thickness of 7
m, and extends seaward of the shelf break
(Jouanneau et al., 2008).

These muddy patches are attributed to modern
shelf sedimentation derived from coastal erosion
and/or minor fluvial inputs, which are able to provide
high sediment fluxes during short-lived flow events
and subsequent sediment transport by shelf hydrody-
namics (Uriarte et al., 2004; Ercilla et al., 2008). In the
particular case of the depocentre off the Basque Bay,
the surface residual circulation is directed towards
the southeast for most of the year (from spring to
autumn) although shelf circulation is directed
towards the west under the influence of north-easter-
ly winds (Uriarte et al., 2004). The geomorphological
context also favours sediment trapping in this envi-
ronment, as the coastline configuration acquires a
“cul-de-sac” morphology and the rocky outcrops on
the shelf act as a barrier for nepheloid layers
(Jouanneau et al., 2008).

The Galician Continental Shelf

The Galician continental shelf occupies the north-
western margin of the Iberian Peninsula, extending
from the Eo River mouth to the Mifio River mouth
(Fig. 3A).

Pre-Quaternary

The sedimentary architecture of the Galician conti-

nental shelf displays four 2™ order composite
sequences (S1, S2, S3, and S4; Fig. 3B) resting direct-
ly above an igneous and metamorphic basement,
related to global eustatic cycles with time spans rang-
ing from 10 to 15 Ma and deposited since the Late
Cretaceous.

The Late Cretaceous to Middle Miocene sequences
(S1, S2, and S3) are progradational (Fig. 3B) and are
interpreted as deltaic geometries outcropping in the
middle and lower continental slope. They are highly
folded and faulted in relationship to the Eocene
Pyrenean Orogeny (Boillot et al., 1979, Munoz et al.,
2003). Atop of S3 on the shelf, an unconformity sur-
face (U4, Fig. 3B) represents a time gap from at least
the Middle Eocene to the Middle Miocene. Uplifting of
the Western Banks High on the Galicia Bank and
intense regional erosion is represented by the strati-
graphic hiatus characteristic of this period.

The Middle Miocene to present sequence (S4) con-
sists of five 3@ order depositional sequences, of which
four (S4.1 to S4.4) are pre-Quaternary in age.
Depositional sequences S4.1 to S4.3 show sheet-like
external forms and are highly aggradational (Fig. 3B),
and are interpreted as a TST to HST. The deposition-
al sequence S4.4 has a wedge-like external form, is
highly progradational (Fig. 3B) and is interpreted as a
FSST. Within the rias, the sequence S4.4 was firstly
described by Hinz (1970) as a basal unit that fills the
basement lows (Fig. 3C). S4.4 is capped by an ero-
sive, highly channelized unconformity surface that
has been interpreted as a sequence boundary devel-
oped during a prominent sea-level fall at ~2.4 Ma
(Shackleton et al., 1984; Raymo et al., 1989).

Quaternary

The sedimentary architecture of the Galician conti-
nental shelf is defined by sediment starvation where-
as the “rias” have acted as sedimentary traps since
the Pleistocene (~2.4 Ma). As a result, the Quaternary
record (S4.5) is very thin (10 ms thick) in the conti-
nental shelf, and mostly comprises isolated sigmoid
sand-bar deposits fed by the Mino River and
reworked by littoral drift and storms. This thin
sequence is sometimes embedded in and usually
capped by a tabular, internally transparent fine-
grained sedimentary layer (Ferrin, 2005). It appears
laterally extensive throughout the continental shelf
with thickening occurring along the so-called Galician
mud belts, parallel to the coast in the inner and mid-
dle shelf (Dias et al., 2002; Lantzsch et al.,, 2009a,
2009b).

The rias, which are characterized by a complex
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Figure 3. Representative examples of the sedimentary architecture of the Galician continental shelf. (A) Physiographic setting of the
Galician margin highlighting the shelf bathymetry, with indication of the onland geology, river systems and location of representative seis-
mic profiles (examples B and C). (B) Sparker seismic profile across the continental shelf off the Ria de Pontevedra, and interpretation of
the seismic profile showing the main 2™ and 3" order sequences. The main discontinuities are named as U1 to U8. Modified from Ferrin
(2005). (C) Geopulse seismic profile and interpretation from the Ria de Vigo. The Holocene units identified are represented by Uh1, Uh2
and Uh3. The main discontinuities are named LGM (Last Glacial Maximum), YD (Younger Dryas), dh1 and dh2. Modified from Martinez-
Carrefno and Garcia-Gil (2013).

Figura 3. Ejemplos representativos de la arquitectura sedimentaria de la plataforma continental gallega. (A) Emplazamiento fisiogrdfico
del margen gallego destacando la batimetria de la plataforma, e incluyendo la geologia de tierra, los sistemas fluviales y la localizacion
de perfiles sismicos representativos (ejemplos B y C). (B) Perfil sismico de Sparker a través de la plataforma continental frente a la Rio de
Pontevedra, e interpretacion del perfil mostrando las principales secuencias de 2° y 3 orden. Las principales discontinuidades fueron
designadas U1 a U8. Modificado a partir de Ferrin (2005). (C) Perfil sismico de Geopulse e interpretacion de la Ria de Vigo. Las unidades
Holocenas fueron designadas como Uh1, Uh2 y Uh3. Las principales discontinuidades fueron designadas LGM (Ultimo Méximo Glacial),
YD (Younger Dryas), dh1y dh2. Modificado a partir de Martinez-Carreno y Garcia-Gil (2013).
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paleobathymetry and by the presence of islands at
their outermost part, have preserved thick deposits,
mostly TSTs and HSTs (Garcia-Gil et al., 1999, 2000,
2011; Duran, 2005; Garcia-Garcia et al., 2005; Diez,
2006; Martinez-Carreno and Garcia-Gil, 2013). Within
the Quaternary sequence (S4.5), two seismic units (B
and C) were initially identified (Hinz, 1970; Acosta,
1984; Rey, 1993). Unit B was interpreted as
Pleistocene and is capped by a very erosive an irreg-
ular discontinuity associated with sub-aerial expo-
sure and erosion during the LGM sea-level fall. Unit C
represents the TST and HST deposited after the LGM.
A LST is not present in the rias, appearing only on dis-
tal areas of the continental shelf and lower slope
(Ferrin, 2005).

Postglacial Transgression

This transgression is represented by a retrograda-
tional TST. Internal surfaces present basal onlap rela-
tionships reflecting a progressive landward migration
of sedimentary depocentres associated with episodic
flooding events. The uppermost parasequence within
the TST shows toplap relationships with its upper
bounding surface, interpreted as a maximum flood-
ing surface, separating the TST from the upper HST
(Fig. 3C).

A detailed chronostratigraphic correlation of the
TST parasequences and the successive post-LGM cli-
matic/sea-level events was successfully attempted
(Garcia-Gil et al., 2000; Garcia-Garcia et al., 2005; Diez,
2006; Duran et al., 2007; Martinez-Carreno and Garcia-
Gil, 2013). The LGM sea-level drop fully exposed the
rias and adjacent shelf, leading to associated subaer-
ial erosion, gradient modification, and subsequent
fluvial drainage rejuvenation. The postglacial sea-
level rise was recorded in the rias by episodic back-
stepping and flooding surface creation separating
TST parasequences (Fig. 3C).

Holocene Highstand

Once the sea level reached its maximum Holocene
position, a maximum flooding surface was devel-
oped, marking the change from TST retrogradation to
HST aggradation. The HST on the coastal areas with-
in the rias is mostly progradational, characterized by
wedge-like shape and sigmoidal to oblique internal
reflectors. In the deeper areas of the rias the HST
becomes more aggradational, with an overall tabular
shape and internal parallel reflectors (Fig. 3C).

The Western Portuguese Continental Shelf

The Western Portuguese continental shelf occupies
most of the western margin of the Iberian Peninsula,
between the Minho River to the north and Cape Séao
Vicente to the south (Fig. 4A).

Pre-Quaternary

Mesozoic sediments constitute the foundations of the
margin and correspond to the offshore part of the
Lusitanian basin, a rift-basin formed during the open-
ing of the North Atlantic Ocean, from the Late Triassic
through the Early Cretaceous (Alves et al., 2003). Pre-
rift sediments consist of limestone and marlstone
deposited in continental shelf and lagoon environ-
ments (Boillot et al., 1987). Post-rift sedimentation
began in the Early Cretaceous and was dominated by
mixed carbonate-siliciclastic systems (Rasmussen et
al., 1998). Such systems were characterized by the
deposition of shallow carbonates on topographic
highs, shifting laterally to fluvial-deltaic siliciclastic
deposits near the shore and to marine shale and lime-
stone towards the deeper parts of the basin (e.g.
Wilson, 1988; Rasmussen et al., 1998). The beginning
of the Cenozoic was characterized by periods of com-
pression and tectonic inversion related to the
Pyrenean and Alpine orogenies, and thus the
Paleogene deposits are scarce along the margin and
also onshore (Mougenot, 1989). In such a tectonic
framework, the sedimentation during the Eocene con-
sisted of shallow limestone, while the Oligocene is
mainly represented by shallow marine sands, con-
glomerates and red marls (Mougenot, 1989).

The present-day sedimentary architecture of the
western Portuguese continental shelf developed
since the Neogene (Mougenot, 1989). The sedimenta-
tion evolved through the Miocene to shallow marine
clastic and carbonate deposition (Pena dos Reis and
Meyer, 1982). The Pliocene sedimentary record cov-
ers unconformably the underlying Miocene deposits
and is characterized by siliciclastic deposition driven
by transgression and regression cycles (e.g.
Mougenot, 1989). This succession of sea-level
changes produced several generations of protofluvial
deltas and prograding wedges truncated by ravine-
ment surfaces on the continental shelf (Mougenot,
1989).

Quaternary

Knowledge regarding the Quaternary sedimentary
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Figure 4. Representative examples of the Quaternary sedimentary architecture of the eastern Portuguese continental shelf. (A)
Physiographic setting of the western Portuguese margin highlighting the shelf bathymetry, with indication of the onland geology, river
systems and location of representative seismic profiles (examples B and C). (B) Uniboom seismic profile and interpretation. Seismic unit
U1 corresponds to a succession of several progradational wedges deposited during a lowstand stage. These wedges are truncated by an
erosional surface (es) formed during the transgressive stage. Seimic unit U2 is aggradational and probably deposited during the high-
stand stage. (C) Sparker seismic profile and interpretation. A paleo-valley was formed during a lowstand stage and filled up by sediments
when the sea level started to rise.

Figura 4. Ejemplos representativos de la arquitectura sedimentaria de la plataforma continental portuguesa occidental. (A) Emplazamiento
fisiografico del margen portugués occidental destacando la batimetria de la plataforma, e incluyendo la geologia de tierra, los sistemas
fluviales y la localizacion de perfiles sismicos representativos (ejemplos By C). (B) Perfil sismico de Uniboom e interpretacion. La unidad
sismica U1 se corresponde con una sucesion de varias cunas progradantes atribuidas a periodos de bajo nivel del mar. Las cunas son ero-
sionadas a techo por una superficie relacionada con un evento transgresivo. La unidad sismica U2 es agradante, posiblemente relacio-
nada con la estabilizacion reciente del nivel del mar. (C) Perfil sismico de Sparker e interpretacion. Se identifica un paleovalle formado
durante un intervalo de bajo nivel del mar, relleno durante la subida posterior del nivel del mar.
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architecture of the Portuguese continental shelf is
scarce. In fact, only a few studies have been carried
out during the last four decades on the Late
Quaternary depositional evolution of the western
Portuguese shelf (e.g Musellec, 1974; Dias, 1987;
Mougenot, 1989; Baas et al. 1997; Rodrigues, 2001;
Oliveira et al., 2002; Badagola, 2008; Lantzsch et al.,
2009b). Thus, the understanding of the sedimentary
dynamics of the shelf during the Quaternary and the
role of the forcing factors and controlling processes
still remain insufficient and further work is needed.

The most significant stratigraphic features include
progradational wedges, which are truncated at the
top by an erosional surface (Fig. 4B), and paleo-val-
leys in the continental shelf (Fig. 4C). These wedges
can be interpreted as the record of the lowstand
stages (Fig. 4B), the most recent of them linked to the
LGM. Paleo-valleys mostly occur in the mid-continen-
tal shelf linked with important rivers (Fig. 4C), such as
the Tagus and Sado. A deeper paleo-valley, located at
a depth of approximately 160 m, is recognised in the
Estremadura Spur, a structural high bounded by the
Lisboa and Nazaré canyons (Mougenot, 1989;
Badagola, 2008).

Postglacial Transgression

The majority of studies carried out on the Late
Quaternary sedimentary evolution of the western
Portuguese shelf have concentrated on the northern-
most part of the shelf, between Porto and the Galician
shelf (e.g. Dias, 1987; Rodrigues, 2001; Oliveira et al.,
2002; Lantzsch et al., 2009b).

During postglacial times, the location of the coast-
line migrated eastwards and the continental shelf
exposed during the previous LGM became sub-
merged. The continuous sea-level rise led to: (1) the
erosion of previous estuarine deposits and prograda-
tional wedges with a subsequent generation of an
erosional surface; (2) the filling up of ancient valleys
and canyons incised during the LGM (Fig. 4C); (3) the
formation of thick, coarse-grained coastal bodies in
response to an increase in terrigenous sediment
input, mainly sand and silt (Baas et al., 1997), during
the Younger Dryas around 10.5 ka; (4) the formation
of several terraces laterally from the coastal prisms
(Rodrigues, 2001); (5) the westward transport of fine
sediments, deposited on the outer shelf and upper
slope (Rodrigues, 2001).

Holocene Highstand

The highstand stage was reached between 5 and 3 ka

(Rodrigues, 2001). This high sea-level condition
favoured the development of progradational coastal
sand bodies (Rodrigues, 2001). In the northern sector
of the shelf, during the Late Holocene highstand, the
deposition of muddy sediments was restricted to the
middle shelf, forming a muddy belt (Lantzsch et al.,
2009b).

The Northern Continental Shelf of the Gulf of Cadiz

The northern continental shelf of the Gulf of Cadiz
occupies the south-western margin of the lIberian
Peninsula, between Cape Sao Vicente and the Strait
of Gibraltar (Fig. 5A).

Pre-Quaternary

The onset of Mesozoic passive margins favoured the
development of carbonate platforms, which became
mixed (i.e., calcareous—terrigenous) during the Late
Cretaceous—Early Tertiary (Riaza and Martinez del
Olmo, 1996). A progressive change to terrigenous
sedimentation was established over transcurrent
margins and culminated in the Early Miocene
(Maldonado and Nelson, 1999).

The Pliocene was recorded by two major
sequences, mainly composed by FSSTs and LSTs.
The Lower Pliocene sequence is aggradational and is
capped by a discontinuity with a well-defined shelf-
to-slope profile. The Upper Pliocene sequence is
progradational and is eroded by a Late Pliocene (~2.4
Ma) regional discontinuity (Hernandez-Molina et al.,
2002).

Quaternary

The Quaternary architecture of the Gulf of Cadiz shelf
is defined by two major sequences separated by a
prominent discontinuity at about 1-0.9 Ma interpreted
as the result of the Middle Pleistocene Revolution
(Hernandez-Molina et al., 2002). After the Middle
Pleistocene Revolution, this continental margin is
dominated by wedge-shaped progradational units
(major progradational complexes) and intercalated
sheeted units (widespread sheeted units) (Lobo and
Ridente, 2014) (Fig. 5B).

Widespread sheeted units occur over the shelf and
upper slope domains, although in places they may
pinch out. Thickness values tend to be laterally con-
stant and low (up to 10-12 m). Internally, they show
sub-parallel, aggrading configurations (Fig. 5C).
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Figure 5. Representative examples of the sedimentary architecture of the northern continental shelf of the Gulf of Cadiz. (A) Physiographic
setting of the northern continental shelf of the Gulf of Cadiz highlighting the shelf bathymetry, with indications of the onland geology, river
systems and location of representative seismic profile (example B). (B) Interpretation of a cross-shelf Geopulse seismic profile collected
in the shelf influenced by the Guadiana River. (C) Zoomed seismic section and interpretation of the inner shelf, characterized by the ver-
tical stacking of sheeted units and landward pinch out of wedge-shaped units. (D) Zoomed seismic section and interpretation of the outer
shelf, dominated by progradational shelf-margin wedges and distal terminations of sheeted units. Modified from Lobo and Ridente (2014).
Figura 5. Ejemplos representativos de la arquitectura sedimentaria de la plataforma continental septentrional del Golfo de Cadiz. (A)
Emplazamiento fisiogréfico de la plataforma continental destacando la batimetria de la plataforma, e incluyendo la geologia de tierra, los
sistemas fluviales y la localizacion de un perfil sismico representativo (ejemplo B). (B) Interpretacion de un perfil sismico de Geopulse nor-
mal a la plataforma frente al rio Guadiana. (C) Ampliacion del perfil sismico en la plataforma interna e interpretacion, donde se distingue
el apilamiento vertical de unidades laminares y la terminacion de unidades con forma de cuna. (D) Ampliacion del perfil sismico en la pla-
taforma externa e interpretacion, mostrando la geometria de las unidades con forma de cuna y la terminacion distal de las unidades lami-
nares. Modificado a partir de Lobo y Ridente (2014).

Major progradational complexes pinch out landward
on the inner to middle shelf and their overall thick-
ness increases seaward (Fig. 5D).

The major progradational complex-widespread
sheeted-unit couplets are interpreted as asymmetric
shelf sequences led by 100 ka Milankovitch-scale

eccentricity cycles. These 100 ka sequences are main-
ly composed of regressive shelf-margin deltas attrib-
uted to FSSTs and LSTs (Somoza et al., 1997; Rodero
et al., 1999; Hernandez-Molina et al., 2000a, 2002).
Major progradational complexes are composed of
minor shelf-margin prograding wedges which stack
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laterally to control the margin outbuild and are sepa-
rated by local sheeted units (Figs. 5B, 5C and 5D).
Minor shelf-margin prograding wedges generally
pinch out landward on the paleo-outer shelves, and
they show variable thicknesses but with low values
over the paleo-shelves and increasing abruptly over
the paleo-upper slopes. Alternating local sheeted
units tend to occur over the paleo-shelves. Most of
these local sheeted units exhibit sub-parallel configu-
rations both on the shelf and on the upper slope.
Their thickness tends to be laterally constant and
moderate (Figs. 5B, 5C and 5D).

The minor shelf-margin prograding wedge-local
sheeted unit couplets are regarded as higher-fre-
quency (or 5™ order) sequences related to 20 ka cycles
(Somoza et al., 1997). These high-frequency
sequences are mainly composed of low-angle
oblique shelf-margin wedges interpreted as the distal
portions of coastal to pro-deltaic deposits mainly gen-
erated during stepped sea-level falls and thus com-
posing FSSTs (Lobo et al., 1999; Hernandez-Molina et
al., 2000a; Lobo et al., 2005a). The dominance of these
deposits led to strong margin progradation with
much reduced aggradation. TSTs and HSTs were
poorly preserved within high-frequency sequences.
However, in confined shelf sectors transgressive to
highstand deposition forming sandy barrier islands
and coastal lagoons occurred (Lobo et al., 1999).

Postglacial transgression

The postglacial transgression is recorded by a TST
developed during 14-6.5 ka (Hernandez-Molina et al.,
1994; Gutiérrez-Mas et al., 1996). Initial interpreta-
tions considered the postglacial TST as basically
composed of a sandy layer overlying a ravinement
surface and outcropping over extensive outer shelf
areas (Nelson et al., 1999) and off Cape Trafalgar
(Gutiérrez-Mas et al., 1996; Lopez-Galindo et al.,
1999). Later interpretations registered up to four seis-
mic units on the Huelva Shelf regarded as postglacial
TSTs (Lobo et al., 2001). The initial shelf flooding was
recorded by a low-angle progradational, continuous
outer shelf deposit (Lobo et al., 2001), linked to the
activity of overflow channels during large-scale flood
events (Gonzalez et al., 2004). The shelf off the
Guadiana River, with irregular sea-floor topography
and sandy composition, shows three lenticular-
shaped deposits interpreted to have been deposited
in a high-energy environment (Lobo et al.,, 2001).
Various depositional mechanisms have been pro-
posed, with the influence of both flood events in the
river basins and storm-induced seaward sediment
transport (Gonzélez et al., 2004).

The generation of these postglacial transgressive
deposits was linked with the stepped and fluctuating
pattern of the sea-level rise, and by extension to cli-
matic fluctuations that also triggered significant mod-
ifications of the sediment flux to the shelf. The
Younger Dryas event probably caused the most dra-
matic consequences (Hernandez-Molina et al., 1994;
Lobo et al., 2001), as this event was terminated by
increased marine sediment supply during the subse-
quent sea-level rise (Burdloff et al., 2008).

Holocene Highstand

The Holocene sedimentation is recorded by a HST
composed of diverse depositional systems, such as
infra-littoral prograding wedges (IPWs), pro-deltas
and muddy belts (Gutiérrez-Mas et al., 1996; Nelson
et al., 1999).

The Faro-Tavira IPW was linked to enhanced lit-
toral drift and sediment transport by storm-driven
downwelling currents on the western shelf of the gulf
(i.e., the Portuguese margin) (Hernandez-Molina et
al., 2000b). Seaward, the export of fine-grained sedi-
ments and the influence of the large-scale anticy-
clonic circulation led to eastward sediment dispersal
and to the construction of outer shelf muddy belts
(Lobo et al., 2004).

A proximal pro-delta and a distal muddy belt are
connected to the Guadiana River (Lobo et al., 2004).
The proximal pro-delta is composed of a mixture of
fine and coarse sediments, although the upper part is
dominated by muds (from 1 500 to 200 cal yr BP). This
recent change is associated to distributary infilling and
enhanced seaward sediment transport from the pres-
ent-day estuary (Mendes et al., 2010). The distal
muddy belt has been constructed through the export
of fine sediments toward the middle shelf during the
last 5 ka. The formation of the muddy belt was
favoured by flooding events in the river basin (Rosa et
al., 2011; Mendes et al., 2012), and has been enhanced
during the last ca. 1 500-1 000 cal yr BP, subsequent to
the pro-delta formation (Mendes et al., 2012).

The fluvially-dominated Guadalquivir River pro-
delta covers the entire shelf and shows the highest
Holocene sedimentation rates in the continental shelf
of the Gulf of Cadiz (Nelson et al, 1999). The
Guadalquivir-connected deposit extends to the south-
east over the middle shelf due to the strengthening of
the Surface Atlantic Water toward the Strait of
Gibraltar (Gutiérrez-Mas et al., 1994, 1996; Nelson et
al., 1999). Another inner-shelf depocentre reflects the
influence of the surface Atlantic water during easter-
lies dominance (Lobo et al., 2004).
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Off the Bay of Cadiz a prodeltaic deposit has
formed by the supply of the Guadalete River and by
fine-grained sediment re-suspension by ebb-tide cur-
rents and energetic storm events (Lépez-Galindo et
al., 1999). To the southeast of the bay, the fluvially-
derived muds are replaced by sandy facies locally
moulded into bed-forms by oceanographic agents,
such as the lower energy surface Atlantic water and
more intense storm events (Nelson et al., 1999). Over
the Barbate Platform, the occurrence of sand banks
and ridges with superimposed dunes indicate long-
term sediment transport patterns toward the south-
west and south. These seafloor features have been
linked to the combined activity of the surface Atlantic
water and the influence of current reversal linked to
the tidal cycle in the Strait of Gibraltar (Lobo et al.,
2000, 2010).

Two cycles of progradation-aggradation internally
composed of minor-scale motifs are recognized in
several Holocene shelf depositional systems, such as
IPWs and pro-deltas (Lobo et al., 2005b). The major-
scale architecture was related to the effect of high-fre-
quency, small-amplitude sea-level changes
(Fernandez-Salas et al., 2003; Lobo et al., 2004). The
smaller-scale architectures were related to the influ-
ence of changes in the direction and/or the magnitude
of storms, as well as minor changes of sediment sup-
ply triggered by climate changes (Lobo et al., 2005b).

The Northern Shelf of the Alboran Sea

The northern shelf of the Alboran Sea is located in the
southern Iberian Peninsula, in the southwest
Mediterranean Sea between the Strait of Gibraltar to
the west and Cape Gata to the east (Fig. 6A).

Pre-Quaternary

The sedimentary architecture of the northern shelf of
the Alboran Sea exhibits a major sequence generated
during the Early Pliocene, during which sandy sedi-
ments were trapped along the coast. This interval was
interrupted by a significant sea-level fall at about 4.2
Ma, when a well-marked shelf-to-slope profile was
established in the margin. This initial profile influ-
enced subsequent physiographic profiles during suc-
cessive sea-level lowstands (Fig. 6B) (Hernandez-
Molina et al., 2002). The Late Pliocene was dominated
by falling sea-level conditions (Alonso and
Maldonado, 1992) that led to the formation of anoth-
er major sequence boundary at about 2.4 Ma
(Hernandez-Molina et al., 2002).

Quaternary

The Quaternary sedimentary architecture is com-
posed of progradational packages only interrupted by
isolated carbonate platforms (Alonso and
Maldonado, 1992). Two major sequences are separat-
ed by a major unconformity related to the Middle
Pleistocene Revolution at approximately 900 ka
(Hernandez-Molina et al., 2002).

The complex architecture of the post- Middle
Pleistocene Revolution shelf sedimentary record
reflects the onset of 100 ka high-amplitude asymmet-
ric sea-level cycles (Hernandez-Molina et al., 2002).
The 100 ka shelf sequences are mainly composed of
shelf-margin wedges (Fig. 6C), generated during rela-
tive sea-level falls and lowstands, and separated by
polygenetic erosional surfaces related to transgress-
sive intervals; as a consequence, most Upper
Quaternary sequences are mainly composed of
FSSTs and LSTs (Ercilla et al., 1994a).

The stacking pattern of post-Middle Pleistocene
Revolution sequences is laterally variable according
to the uplift/subsidence regime of the continental
margin. Forestepping patterns are found in several
sectors, such as the shelf off Méalaga (Hernandez-
Molina et al., 2002). In areas subjected to strong tec-
tonic tilting, shelf sequences are poorly preserved
due to lack of accommodation space and/or erosion
(Ercilla et al., 1994a). However, in areas with high sub-
sidence rates such as shelf sectors off the Guadalfeo
and Fuengirola rivers, Upper Quaternary prograda-
tional deposits exhibit aggradational to backstepping
patterns and are better preserved (Fig. 6C) (Ercilla and
Alonso, 1996; Lobo et al., 2008).

Postglacial Transgression

The sedimentary architecture exhibits different types
of deposits generated during the rapid postglacial
sea-level rise. The most complete record shows sev-
eral backstepping deposits laterally associated with
submarine terraces, and interpreted as beach
deposits generated during sea-level stillstands. In
places of low sediment supply, the transgressive
record is represented by a sand sheet exposed over
the outer shelf (Ercilla et al., 1994a).

Holocene Highstand
Two different types of deposits were developed dur-

ing the Holocene sea-level stabilization: pro-deltaic
wedges and IPWs.
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Figure 6. Representative examples of the Pliocene-Quaternary sedimentary architecture of the northern Alboran Sea shelf. (A)
Physiographic setting of the northern shelf of the Alboran Sea highlighting the shelf bathymetry, with indication of the onland geology,
river systems and location of representative seismic profile (examples B and C). (B) Sparker seismic profile and interpretation of the gen-
eral architecture of the northern margin of the Alboran Sea, with dominance of progradational stacking pattern. Modified from Hernandez-
Molina et al. (2002). (C) Pliocene-Quaternary shelf stratigraphic architecture off the Guadalfeo River highlighting the aggradational stack-
ing pattern after the Middle Pleistocene Revolution (MPR). Modified from Lobo et al. (2008).

Figura 6. Ejemplos representativos de la arquitectura sedimentaria del Plioceno-Cuaternario de la plataforma continental septentrional del
Mar de Alboran. (A) Emplazamiento fisiografico de la plataforma continental destacando la batimetria de la plataforma, e incluyendo la
geologia de tierra, los sistemas fluviales y la localizacion de perfiles sismicos representativos (ejemplos B y C). (B) Perfil sismico de
Sparker e interpretacion de la arquitectura general del margen septentrional del Mar de Alboran, caracterizado por un patrén de apila-
miento progradante. Modificado a partir de Hernandez-Molina et al. (2002). (C) Arquitectura sedimentaria del Plioceno-Cuaternario frente
al rio Guadalfeo, destacando el patron agradante tras la Revolucion del Pleistoceno medio (MPR). Modificado a partir de Lobo et al. (2008).

Pro-deltaic wedges occur off major entry points, to the coastline and coarse sediment composition
such as the Guadiaro, Guadalhorce, Guadalfeo, Adra (Ercilla et al., 1994a; Hernandez-Molina et al., 1994;
and Andarax rivers. Pro-deltaic wedges exhibit steep Barcenas et al., 2015). Their internal architecture is
clinoform geometry with the offlap break very close mainly composed of a HST thickening landwards. In
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addition, the occurrence of a crenulated sea floor is a
common phenomenon in many pro-deltaic deposits
(Barcenas et al., 2009; Barcenas, 2013).

The generation of these pro-deltaic wedges has
been related to rapid deposition after high-energy
sediment flows and limited lateral redistribution
(Lobo et al., 2006). The recent dynamics and growth
patterns of pro-deltaic systems have been affected by
marked seasonal climate conditions, prone to the
generation of episodic torrential discharges, which
also seem to exert a major influence on the genesis
and development of shallow-water undulations
(Fernandez-Salas et al., 2007; Barcenas et al., 2009;
Barcenas, 2013). In addition, human intervention in
the river basins has caused significant reorganization
of deltaic growth patterns. Human influence on delta-
ic environments is particularly noticeable on the Adra
Delta, whereas the sedimentary response of the
Guadalfeo Delta to river channel deviation has been
modulated by more efficient longshore sediment
redistribution (Jabaloy-Sanchez et al., 2010, 2014).

In places of minor direct fluvial input such as
coastal stretches off the Malaga, Granada and
Almeria provinces, the Holocene HST is thought to be
composed of sigmoid-to-oblique progradational
wedges interpreted as IPWs, and their origin linked to
offshore sediment transport below storm-wave base
level led by downwelling currents (Hernandez-Molina
et al., 2000b). More recent work has revealed a strong
parallelism between the internal architecture of these
shallow-water sediment wedges and the stratigraph-
ic architecture of adjacent coastal plains in coastal
segments with enhanced littoral drift, suggesting a
genetic relationship. For example, in the Carchuna
Beach the influence of erosional events on the coast-
line seems to have been amplified by the occurrence
of the shelf-indenting Carchuna Canyon. This geo-
morphological pattern has provided sufficient sedi-
ment subsequently transported eastward, enabling
the formation of an IPW prograding oblique to paral-
lel in relation to the main shoreline (Fernandez-Salas
et al., 2009; Ortega-Sanchez et al., 2014).

The South eastern Iberian Shelf

We refer to the south-eastern Iberian shelf of as the
sector between the La Nao and Gata capes in the
Iberian Peninsula, comprising two arc-shaped seg-
ments (northern and southern) bounded by Cape
Palos (Fig. 7A). It also includes the shelf of the
Balearic Promontory, which is attached to the Iberian
Margin. The knowledge of evolutionary patterns and

build-up at different time scales is quite limited for
the case of the south-eastern lberian shelf.

Pre-Quaternary

The sedimentary thickness and distribution of the
Miocene series are very variable, as major depocen-
tres are controlled by graben location (Fig. 7D).
Pliocene sediments show a more widespread distri-
bution, covering most of the shelf and outcropping
above basement highs (Fig. 7C). Miocene and
Pliocene sediments are affected by reactivated faults
and folding in many places (Catafau et al., 1994). In
the abrupt margin of the southern arc the sedimenta-
ry cover is even thinner, although small sedimentary
basins have been identified (Serra et al., 1979).

Quaternary

A general trend of laterally constant, seaward increas-
ing thicknesses of the Quaternary sedimentary cover
is observed, although the thickness is also controlled
by underlying horsts and grabens (Catafau et al.,
1990, 1994). Thus, the Quaternary sedimentary cover
is very thin (tens of metres) over basement highs
such as those located off and to the south of Alicante.
Quaternary deposits may reach thicknesses of sever-
al hundreds of metres, with maximum values of > 400
m in the main depositional areas of the northern arc
(Fig. 7B). In the southern arc, Quaternary deposits
reach a moderate development, due to the narrow-
ness of the shelf, and maybe locally eroded at the
shelf break by submarine canyons.

The Quaternary shelf record is composed of sever-
al wedge-shaped offlapping wedges separated by
erosional surfaces interpreted as shelf-margin deltas
linked to different regressive phases culminating in
Late Quaternary glacial, sea-level lowstands, related
to Marine Isotopic Stages 2, 6, 8.2, 10 and 12. These
shelf-margin wedges are affected by faults and folds
that seem to have been active during the last 135 ka,
and even in some cases there is evidence of post-
LGM tectonic activity (Perea et al., 2012).

Postglacial transgression

During the postglacial transgression, a process of
quasi-continuous retreat of a barrier-lagoon system
was recorded by sediment ridges and bedforms on
several areas of the shelf, with the most extensive
field located off the Mar Menor Lagoon. In addition,
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Figure 7. Representative examples of the Pliocene-Quaternary sedimentary architecture of the south-eastern Iberian continental shelf. (A)
Physiographic setting of the south-eastern Iberian continental shelf of highlighting the shelf bathymetry, with indication of the onland
geology, river systems and location of representative seismic interpretations (examples B, C and D). (B) Interpretation showing numerous
offlapping sequences in the northern arc. (C) Interpretation showing restricted progradation controlled by basement outcropping in the
outer shelf. (D) Interpretation showing Pliocene-Quaternary progradations overlying a prograding Miocene. Interpretative stratigraphic
schemes modified from Catafau et al. (1990).

Figura 7. Ejemplos representativos de la arquitectura sedimentaria del Plioceno-Cuaternario de la plataforma continental sudeste de Iberia.
(A) Emplazamiento fisiografico de la plataforma continental destacando la batimetria de la plataforma, e incluyendo la geologia de tierra,
los sistemas fluviales y la localizacion de un perfil sismico representativo (ejemplos B, C y D). (B) Interpretacion que muestra varias
secuencias con dispositivo progradante en el Arco Septentrional. (C) Interpretacion mostrando progradaciones restringidas por aflora-
mientos del basamento en la pataforma externa. (D) Interpretacion mostrando progradaciones del Plioceno-Cuaternario sobre depdsitos
Miocenos progradantes. Esquemas interpretativos modificados a partir de Catafau et al. (1990).

several wedge-shaped deposits identified at water Holocene Highstand

depths of 20-60 m have been related with cold cli-

matic events such as the Younger Dryas and the 8.2 The Holocene highstand deposits comprise proximal
ka cooling event (Tent-Manclus et al., 2009; De la Vara sediment wedges and distal muddy belts. Small,
et al., 2011). coarse-grained prodeltaic deposits laterally connect-
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ed through elongate IPWs occur off coastal bays and
off the Segura River in the northern arc (Diaz del Rio
and Fernandez-Salas, 2005). A continuous muddy belt
occurs from the Gulf of Valencia to the shelf off
Alicante (Maldonado and Zamarreno, 1983), in rela-
tion with the southward transport of suspended fine
sediments (Maldonado et al., 1983).

The most recent accumulations are restricted to
small pro-deltaic deposits off the main fluvial inputs,
such as the Segura and Almanzora rivers (Rey and
Diaz del Rio, 1983; Catafau et al., 1990, 1994). Fine-
sediment transport towards the south coupled with
the abrupt shelf configuration led to fine sediment
capture by submarine canyons and its export towards
deeper domains. In addition, scarce terrigenous sup-
plies and high biogenic production favour the devel-
opment of extensive sea-grass meadows in the
southernmost part of the southeastern shelf
(Zamarreno et al., 1983).

The North-eastern Iberian Shelf

We refer to the north-eastern Iberian shelf as the sec-
tor comprising the Catalan and Gulf of Valencia
shelves, from the Cap de Creus to the Cap La Nao
(Fig. 8A).

Pre-Quaternary

The sedimentary record of the north-eastern Iberian
shelf comprises: (1) Lower to Upper Oligocene sedi-
ments deposited in piggyback basins; (2) Lower
Miocene syn-rift sediments deposited in graben
troughs; (3) Late Langhian to Messinian sequences
(Roca et al., 1999).

A network of paleo-valleys and wide flat platforms
that occupied most of the continental shelf and slope,
particularly in the La Planassa and Barcelona shelves,
and the deposition of detrital wedges on the slope
and basin were triggered by the sub-aerial erosion of
the margin during the Messinian (Maillard and
Mauffret, 2006; Garcia et al., 2011; Urgeles et al.,
2011a). The main paleo-drainage systems include the
Cap de Creus , the La Fonera and Blanes large sub-
marine canyons, as well as the downslope-trending
valleys on the Barcelona shelf (Tassone et al., 1994;
Maillard and Mauffret, 2006; Garcia et al., 2011), and
the Messinian fluvial system of the Ebro River (Frey-
Martinez et al., 2004; Urgeles et al., 2011a). On the
Valencian shelf, pre- Messinian erosional surface
units are poorly deformed, but clearly eroded by the
Messinian erosional surface, which is only slightly
flexured (Maillard and Mauffret, 2013).

Above the Messinian erosional surface, Miocene
strata are overlain by the Pliocene-Quaternary
deposits filling the Messinian valleys and depressions
and forming canyon-head deltas that partially fill the
canyons (e.g. Serra, 1976; Soler et al., 1983; Alonso et
al., 1990; Farrdan and Maldonado, 1990; Tassone et al.,
1994; Garcia et al., 2011; Lastras et al., 2011; Urgeles
et al., 2011a; Cameselle et al., 2014). The top of the
Pliocene deposits is marked by a regional erosional
surface formed during a sea-level still-stand below
the present shelf-edge (Serra, 1976; Alonso et al.,
1990; Ercilla et al., 1994b; Tassone et al., 1994).

Quaternary

The Quaternary sedimentary architecture of the
north-eastern shelf of lberia is represented by a verti-
cal stacking of pro-gradational sequences separated
by major discontinuities (e.g. Serra, 1976; Medialdea
et al.,, 1986, 1989; Checa et al., 1988; Alonso et al.,
1990; Farrdn and Maldonado, 1990; Diaz and Ercilla,
1993; Ercilla et al., 1994b; Liquete et al., 2008; Gadmez
et al., 2009). This shelf has been divided into three
segments for the description of the sedimentary
architecture: Catalan Margin, Ebro Margin and
Valencia Margin (Fig. 8A).

The continental shelf of the Catalan Margin com-
prises the Roses, La Planassa and Barcelona shelves
and is characterized by thin Quaternary deposits at
the coast with the thickness increasing abruptly
towards the shelf-edge (Garcia et al., 2011; Lastras et
al., 2011). The Quaternary stratigraphic architecture is
composed of several prograding seismic units
bounded by major erosional unconformities (Figs. 8B
and 8C) (Medialdea et al., 1986, 1989; Ercilla et al.,
1994b; Liquete et al., 2008). Within these sequences,
FSSTs are the predominant element comprising the
outer shelf sequences (Fig. 8C) (Farrdn and
Maldonado, 1990; Ercilla et al., 1994b; Liquete et al.,
2008). The vertical stacking of these regressive
deposits built a pro-gradational growth pattern that
has been related to the fourth-order (100-120 ka)
asymmetric glacio-eustatic cycles that prevailed dur-
ing the Late Quaternary (Medialdea et al., 1986, 1989;
Checa et al., 1988; Alonso et al., 1990; Farran and
Maldonado, 1990; Diaz and Ercilla, 1993; Ercilla et al.,
1994b; Liquete et al., 2008; Gamez et al., 2009).

The main Quaternary depocentre in the NE Iberian
continental shelf occurs on the Ebro shelf (Soler et al.,
1983; Medialdea et al., 1986; Alonso et al., 1990).
Farran and Maldonado (1990) described a stacking of
thirteen progradational and aggradational seismic
units developed in the inner (named as inner units)
and middle to outer shelf (referred as outer units).
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Figure 8. Representative example of the Quaternary sedimentary architecture of the north-eastern lberian continental shelf. (A)
Physiographic setting of the continental shelf highlighting the shelf bathymetry, with indications of the onland geology, river systems and
location of representative seismic profile (example B). (B) High-resolution single channel seismic reflection profile from the Barcelona con-
tinental shelf. (C) Interpretation of the seismic profile showing the Quaternary record of the continental margin. Note that the Quaternary
stratigraphic architecture is composed of a vertical stacking of sequences (A to E) separated by major discontinuities (SB 1 to SB 4). Within
these sequences, FSST are the predominant element. The uppermost sequence (E) corresponds to the TST and HST deposited after the
LGM. Legend: FSST: Forced-regressive System Tract. TST: Transgressive System Tract. HST: Highstand System Tract. Modified from
Liquete et al. (2008).

Figura 8. Ejemplo representativo de la arquitectura sedimentaria del Cuaternario de la plataforma continental nordeste de Iberia. (A)
Emplazamiento fisiogréfico de la plataforma continental destacando la batimetria de la plataforma, e incluyendo la geologia de tierra, los
sistemas fluviales y la localizacion de un perfil sismico representativo (ejemplo B). (B) Perfil sismico de alta resolucion de la plataforma
continental de Barcelona. (C) Interpretacion del perfil sismico. La arquitectura estratigrdfica Cuaternaria esta determinada por el apila-
miento vertical de secuencias (A-E) separadas por discontinuidades mayores (SB 1-SB 4). Las secuencias estan constituidas preferente-
mente por cortejos sedimentarios regresivos (FSST). La secuencia superior esta formada por cortejos sedimentarios transgresivos (TST)
y de alto nivel del mar (HST) depositados tras el Ultimo Méximo Glaciar. Modificado a partir de Liquete et al. (2008).

The inner units have been interpreted as a stacking of respond to deltas and shelf-margin deltas formed in
TSTs at the bottom, overlain by highstand deposits, relatively stable water depths when the sea-level drop
and bounded by a maximum flooding surface. Outer was compensated by subsidence (Farrdn and
units are located in the middle to outer shelf and cor- Maldonado, 1990).
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The sedimentary infill on the Valencia continental
shelf corresponds to a thick series of Quaternary
deposits, which become progressively thinner south-
ward in the direction of the Betic system (Rey and
Diaz del Rio, 1983). The deposition of this sequence is
the result of a series of epeirogenic flexure move-
ments, producing a subsidence of the shelf at a rela-
tively low differential rate, which is well-developed in
the areas of recent faulting (Diaz del Rio et al., 1986).
The most recent sedimentary cover is characterized
by the occurrence of several barrier-lagoon systems
whose formation has been related to Late Quaternary
stillstand periods (e.g., during Marine Isotope Stage
5); therefore, their preservation implies very high sub-
sidence rates (Albarracin et al., 2013; Alcantara-Carrio
et al., 2013).

Postglacial Transgression

During the transgressive stage, erosion prevailed
over sedimentation leading to the development of
palimpsest and relict facies that are exposed on the
outer shelf as extensive sand sheets (e.g. Serra, 1976;
Medialdea et al., 1989, 1994; Ercilla et al., 1994b; Rey
et al., 1999; Liquete et al., 2007; Duran et al., 2013). At
the northernmost point of the Roses shelf, near the
Cap de Creus canyon head, as well as in the La
Planassa shelf, the TST is almost absent and large
rocky outcrops dominate the middle shelf (Serra,
1976; Medialdea et al., 1989; Garcia et al., 2011; Duran
et al.,, 2013, 2014). In the Barcelona shelf, several
transgressive features, such as elongated ridges,
marine terraces and large sand bodies, can be
observed at present in the middle to outer shelf
(Medialdea et al., 1986, 1989; Diaz and Maldonado,
1990; Serra and Sorribas, 1993; Liquete et al., 2007;
Ercilla et al., 2010). In the Ebro shelf, transgressive
deposits cover the shelf and are exposed on the outer
shelf where a sandy shoal, sand ridges and hard-
ground carbonate mounds have been described (Diaz
et al., 1990). Finally, in the Valencia continental shelf,
the Holocene transgression razed the littoral forms
built on the Valencia margin during the last
Pleistocene regressive stadium. The new Holocene
erosive surface of gravel and coarse sand determines
the baseline level of the present-day sedimentation
on the Gulf of Valencia shelf (Rey et al., 1999). At the
southern end of the Gulf of Valencia, characteristic
elements of beach-barrier and lagoonal sedimentary
units formed during transgression are observed in
the inner and middle shelf. This area generally shows
a subsidence lasting from the Pleistocene to the pres-

ent, suggesting structural control both in the deposi-
tional behaviour and in the coastal morphology (Rey
and Fumanal, 1996).

Holocene Highstand

The transgressive sand sheet is overlain by an HST
on the inner shelf, forming the modern pro-deltas and
IPWs. During the highstand stage, accumulation
occurred mostly in areas with a steady supply of sed-
iment, favouring the development of large pro-deltas.
These include, from north to south, the Fluvia-Muga,
Ter, Tordera, Besos-Llobregat and Ebro pro-deltas,
and smaller pro-delta-like wedges (0.7 km wide
along-shelf) at Tossa de Mar and Lloret de Mar and
the Jucar River mouth (see Fernandez-Salas et al.,
this issue). Overall, the stratal architecture of the pro-
deltas displays sigmoid-to-oblique clinoforms with
seaward and south to south-west directed pro-grada-
tions resulting from the prevalent southward
geostrophic current flow and the physiographic con-
figuration of the area (Medialdea et al., 1986, 1989;
Checa et al., 1988; Diaz et al., 1990; Farrdan and
Maldonado, 1990; Diaz and Ercilla, 1993; Ercilla et al.,
1994b, 1995; Liquete et al., 2007, 2008; Serra et al.,
2007; Gamez et al., 2009). Most of these pro-deltas,
such as the Ter and Beso6s-Llobregat, show undulated
sediment features on the foresets, between 20 and
100 m water depth (Urgeles et al., 2007, 2011b). The
sediment undulations are rooted at the maximum
flooding surface or a secondary flooding surface
within the Late-Holocene HST mud wedge. Their for-
mation has been related to sediment re-suspension
by internal waves and hyperpycnal flows (Urgeles et
al., 2011b).

The IPW develop from the lower edge of the shore
face to a strong break in slope at 30-35 m water
depth. From the Cap de Creus to the Tordera river
mouth, the IPW appears in the form of isolated bod-
ies that are best developed in bays and pocket beach-
es (Medialdea et al., 1994; Duréan et al., 2014). In con-
trast, south of the Tordera River mouth the IPW
appears as a continuous, coast-parallel to coast-
oblique sediment body that extends along the
Maresme coastline (Medialdea et al., 1989; Liquete et
al., 2007; Ercilla et al., 2010). Internally, the IPW that
extends along the Maresme coast is formed by pro-
gradation of coastal lithosomes formed at different
sea-level positions, representing the coastal response
to fourth-order transgressive and highstand condi-
tions, modulated by small-scale sea-level oscillations
of 5th to 6th order (Ercilla et al., 2010).
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Discussion
Sequence stratigraphy considerations

Knowledge relating to the stratigraphic framework of
the continental shelves of the Iberian Peninsula is
uneven. Regarding the Atlantic continental shelves,
most of the schemes have been provided for the
northern shelf of the Gulf of Cadiz, and secondarily
for the Galician shelf. As far as the Mediterranean
continental shelves are concerned, most recent inter-
pretations are focused on the north-eastern continen-
tal shelf (the Catalan sector), and secondarily in the
northern Alboran Sea shelf; in contrast, they are
almost absent for the south-eastern shelf.
Consequently, our generic considerations are biased
toward the most studied areas. In addition, direct age
control is only available in specific shelf areas, and
limited to postglacial deposition. As such, the pro-
posed interpretations are based on: (1) the compari-
son of shelf sedimentary architectures with dated
examples; (2) the somewhat speculative link with
well-known glacio-eustatic fluctuations.

Long-term stacking patterns

The dominant long-term sedimentary architecture of
Iberian shelves is formed by forestepping sequences
characteristic of regressive to lowstand sequence sets
(i.e., composite sequences). This trend is particularly
marked in steep continental margins subjected to
strong tectonic tilting such as the Cantabrian shelf
and several Mediterranean shelf sectors (Ercilla et al.,
1994a; Ercilla et al., 2008), or those affected by region-
al uplift and high sediment input rates such as the
Galician shelf (Ferrin, 2005), although it is the domi-
nant pattern in most of the lberian shelves (Alonso
and Maldonado, 1992; Hernandez-Molina et al., 2002).
This indicates the combination of low subsidence
rates and the asymmetric character of glacio-eustatic
cycles, particularly marked during the Pliocene-
Quaternary overlying the Messinian erosional surface
in the Mediterranean area (e.g., Garcia et al., 2011;
Lastras et al., 2011; Urgeles et al., 2011a).

There are some departures from this general pat-
tern in areas with high subsidence rates, with the
occurrence of transgressive to highstand sequence
sets. For example, for the Galician shelf, transgres-
sive to highstand sequence sets have been docu-
mented from the Middle Miocene to the present; their
formation is related to the regional paleobathymetry
(tectonically-driven gradient changes) that controls
the location of depocentres on the continental shelf

(Ferrin, 2005). In addition, most of the Mediterranean
continental shelves along the Betic Cordillera (i.e.,
northern Alboran Sea shelf and south-eastern shelf)
exhibit frequent uplifting-subsidence lateral changes
due to the influence of the cordillera (Ercilla and
Alonso, 1996; Lobo et al., 2008).

Sequence development and systems tract composition

The reported sedimentary architecture has been relat-
ed to the generation of pro-gradational wedges and
corresponding sequences over most Iberian shelves
by the leading influence of Quaternary 100 ka sea-
level cycles (e.g., Farran and Maldonado, 1990; Ercilla
et al., 1994b; Somoza et al., 1997; Rodero et al., 1999;
Hernandez-Molina et al., 2000a, 2002; Liquete et al.,
2008; Gamez et al., 2009; Galparsoro et al., 2010;
Perea et al., 2012). In the Gulf of Cadiz, the detection
of a higher architectural level was connected to the
imprint of higher-frequency (i.e., 20 ka) sea-level
cycles (Somoza et al., 1997; Hernandez-Molina et al.,
2000a, 2002; Lobo et al., 2005a).

In terms of composition of (simple) individual
shelf sequences, most examples document a clear
dominance of regressive-to-lowstand progradational
wedges (Farran and Maldonado, 1990; Ercilla et al.,
1994a, 1994b; Hernandez-Molina et al., 2000a; Lobo et
al., 1999, 2005a; Liquete et al., 2008). The most signif-
icant regressive wedge in terms of thickness distribu-
tion is usually related to the LGM (e.g., Dias, 1987;
Ercilla et al., 2008). These wedges may show distinct
distribution patterns according to the margin sedi-
ment flux and hydrodynamic conditions. Thus,
regressive progradational wedges with restricted
shelf-margin distribution is related to the occurrence
of a single, multi-phased erosional surface due to lack
of accommodation space and/or erosion (Ercilla et al.,
1994a, 2008; Maestro et al.,, 2013). In contrast, the
wedges show a widespread distribution over the
shelf with multiple bounding surfaces in high-supply
settings, such as the Guadiana-Guadalquivir shelf or
the Ebro Shelf (e.g., Farran and Maldonado, 1990;
Hernandez-Molina et al., 2000a; Lobo et al., 2005a).

A common feature observed in many continental
shelves is the occurrence of incised submarine val-
leys overlying progradational wedges, connected
with major fluvial extensions (e.g., Tagus, Sado,
Guadiana, Guadalquivir). In spite of the significance
of shelf valley incision, no detailed studies have been
undertaken on any of the incised-valley systems
around lberia.

TST to HST deposits seem to be scarce and/or
unidentified in most pre-LGM sequences (Farran and
Maldonado, 1990; Ercilla et al., 1994b; Liquete et al.,
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2008). However, in sectors of the Gulf of Cadiz and the
north-eastern shelves, transgressive intervals appear
to be represented either by sub-parallel sediment
drapes off river sources and/or by adjacent barrier
island-lagoon systems (Lobo et al., 1999; Liquete et
al., 2008; Gamez et al., 2009; Lobo and Ridente, 2014).
Some inner slightly aggradational wedges have been
regarded as HSTs in the central sector of the north-
eastern shelf off the Llobregat River (Liquete et al.,
2008; Gamez et al., 2009). Moreover, the highest
development of pre-LGM TST-HST is documented in
the Ebro continental shelf, suggesting a sediment
supply control (Farran and Maldonado, 1990). In con-
trast, post-LGM TST-HST deposits attain their maxi-
mum preservation in estuarine environments and rias
(e.g., Garcia-Gil et al., 2000; Uriarte et al., 2004;
Garcia-Garcia et al., 2005).

Post-LGM TSTs show a high spatial variability,
whereas the Holocene HST shows a more lateral uni-
form distribution and composition. This distinctive
pattern maybe related to the combined influence of
both allogenic and autogenic processes during stages
of relative sea-level rise that may cause variations of
sediment supply (Catuneanu and Zecchin, 2013). This
contrasts with relatively stable sea-level highstand
conditions, when the amount of sediment supply can
be stabilized and hydrodynamic activity is enhanced.

A lateral gradation of postglacial transgressive
environments is recognized in several continental
shelves, most notably on the Gulf of Cadiz and the
north-eastern shelves. Far away from significant flu-
vial inputs, the TST is almost absent and large rocky
outcrops dominate the shelf (e.g., Ercilla et al., 1994a;
Duran et al., 2013, 2014). Laterally there is a transition
to: (1) the most common transgressive pattern that
includes thin, transgressive, sandy layers covering
widespread shelf areas (e.g., Ercilla et al., 1994a;
Gutiérrez-Mas et al., 1996; Lopez-Galindo et al., 1999;
Nelson et al., 1999; Liquete et al., 2007; Duran et al.,
2013); (2) intermediate areas exhibit retreating barrier
systems, sandy ridges and/or submarine terraces in
accordance with declining fluvial input (e.g., Diaz and
Maldonado, 1990; Ercilla et al., 1994a, 2010; Liquete et
al., 2007); and (3) areas with maximum TST develop-
ment (e.g., Galizian rias, fluvially-influenced shelves)
show a number (3-4) of backstepping para-sequences,
whose generation has been attributed to the pulsating
nature of the postglacial sea-level rise combined with
climatically-driven sediment supply fluctuations.
Particularly, the imprint of the Younger Dryas event
has been suggested in most of the Iberian shelves
(Garcia-Gil et al., 2000; Lobo et al., 2001; Gonzalez et
al., 2004; Duran, 2005; Garcia-Garcia et al., 2005;
Martinez-Carrefo and Garcia-Gil, 2013).

The following Holocene HST types can be defined
according to the balance between fluvial flux and
hydrodynamic energy: coastal attached (submarine
deltaic wedges, IPWs) and coastal detached (muddy
belts and large-scale sand banks-ridges) sediment
bodies. There are several styles of Holocene deltaic
growth in response to the combined influence of sed-
iment flux and hydrodynamic regime: (1) large
progradational sigmoid deltaic systems with wide-
spread continental shelf coverage (e.g., Guadalquivir,
Ebro) (Diaz et al., 1990; Lobo et al., 2004); (2) deltaic
systems confined to inner settings, evolving seaward
to muddy belts (e.g., Guadiana) (Lobo et al., 2004); (3)
steep, thick deltaic systems with ubiquitous undula-
tions formed as the product of episodic sediment
flows along most of the Mediterranean shelves (Rey
and Diaz del Rio, 1983; Urgeles et al., 2007, 2011b;
Jabaloy-Sanchez et al., 2010, 2014; Barcenas et al.,
2015); (4) small deltaic systems in coastal embay-
ments (e.g., Bay of Cadiz) (Lopez-Galindo et al., 1999).

IPW development is favoured in areas with minor
fluvial input and enhanced littoral drift activity. These
settings exhibit specific geomorphological con-
straints such as straight, coastal sections and shelf-
indenting canyons that favour coastal erosion by
storm events (e.g., Cape Santa Maria, Carchuna sys-
tem) (Hernandez-Molina et al., 2000b; Fernandez-
Salas et al., 2009; Ercilla et al., 2010; Duran et al.,
2014; Ortega-Séanchez et al., 2014).

The distribution of main muddy belts/patches (Bay
of Biscay, the northern Portuguese continental shelf,
the Gulf of Cadiz, Gulf of Valencia and Catalan
shelves) generally involves some degree of geomor-
phological control, conditioned either by coastal con-
figuration or by basement outcrop occurrence
(Jouanneau et al., 2008; Lantzsch et al., 2009b). In the
Gulf of Cadiz, the existence of a current shear system
has also controlled the location of shelf muddy belts
(Lobo et al., 2004). In all these cases, however, a very
active oceanographic regime is responsible for their
prevalent elongation formation. The most significant
field of sandy bodies occurs over the Barbate
Platform, in response to a very energetic hydrody-
namic regime involving geostrofic and tidal current
activity (Lobo et al., 2010).

Atlantic versus Mediterranean shelves: a comparison

Atlantic-type shelves: depositional regimes versus
oceanographic energy

The development of continental shelves on the
Atlantic side of the Iberian Peninsula seems to be a
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function of the interplay between depositional
regimes, conditioned to a large extent by fluvial sup-
plies, and oceanographic conditions, which are of
moderate to high energy and that are conducive for
the generation of erosional regimes. As a conse-
quence, the Iberian Atlantic continental margin can
be characterized as a latitudinal gradation of shelves
settings, ranging from the essentially erosional
Cantabrian shelf to the progradational Gulf of Cadiz
shelf. In between the Portuguese shelf can be regard-
ed as a transitional shelf, with a very active oceano-

graphic regime but with some very significant
sources of sediments. Regretfully, our knowledge of
built-up patterns on the Portuguese shelf is quite lim-
ited at present, preventing us from making more in-
depth considerations.

Based on this scheme, we consider the occurrence
of three basic modes of continental shelf construction
in Atlantic Iberia (Fig. 9): depositional shelves,
shelves with restricted progradation, and erosional
shelves. In addition, we have considered the occur-
rence of shelf settings strongly conditioned by the

Figure 9. Atlantic-type shelves of the Iberian Peninsula. (A) Depositional shelf. (B) Shelf with restricted progradation. (C) Erosional shelf.
(D) Ria to shelf environment. (E) Shelf with strong tectonic control. There is a latitudinal gradation in response to the interaction between
depositional and hydrodynamic regimes (A to C). There are, however, specific shelf sectors controlled by background morpho-structural
features (D and E). Synthetized from Lobo (2000), Ferrin (2005) and Maestro et al. (2013).

Figura 9. Plataformas de tipo Atlantico de la Peninsula Ibérica. (A) Plataforma deposicional. (B) Plataforma con progradacion restringida.
(C) Plataforma erosional. (D) Ambiente de ria-plataforma. (E) Plataforma con control tectonico. Se identifica una gradacion latitudinal en
respuesta a la interaccion entre los regimenes deposicionales e hidrodindmicos (A-C). Existen, sin embargo, sectores especificos contro-
lados por rasgos morfo-estructurales (D-E). Figura sintetizada a partir de los perfiles sismicos y/o interpretaciones contenidas en Lobo

(2000), Ferrin (2005) y Maestro et al. (2013).
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morpho-structural settings, such as ria to shelf envi-

ronment and shelves with strong tectonic control.

(1) Depositional shelves exhibit outstanding progra-
dational patterns led by successive generation of
shelf margin-wedges, and with appreciable trans-
gressive to highstand sedimentation in innermost
shelf settings (Fig. 9A). The typical example is pro-
vided by the composite depocentre formed by the
Guadiana-Guadalquivir shelf (e.g., Lobo et al,
2004), receiving sediments through the two most
important rivers of the southern half of the
Peninsula, and with an oceanographic regime less
energetic than the more exposed Portuguese con-
tinental shelf, due to the sheltering effect provided
by the “cul-de-sac” morphology of the gulf.

(2) Shelves with restricted progradation (Fig. 9B) have
low width values and minor development of shelf-
margin wedges (e.g., Lobo, 2000) due to the inex-
istence of significant fluvial sources. Another out-
standing feature of this type of shelf is the
occurrence of signs of shelf margin-upper slope
erosion (Fig. 9B), either by submarine canyon
occurrence (e.g., the canyons of the Cantabric
margin, Nazaré Canyon, canyons of the western
Gulf of Cadiz margin) or by erosional activity of
contour currents, such as the upper branch of the
Mediterranean outflow water.

(3) Erosional shelves display steep, highly deformed
clinoforms spanning very long geological inter-
vals, and marked by the occurrence of a compos-
ite, highly erosional surface (Fig. 9C), locally
moulded by submarine escarpments due to the
occurrence of resistant materials or by prolonged
sea-level exposure (e.g., Ercilla et al., 2008). The
typical example of this type of shelf is the
Cantabrian continental shelf, clearly dominated by
a very energetic wave and storm regime and with
very limited fluvial contributions from short,
mountainous rivers. Extensive sectors of the
Portuguese shelf would also fall in this category.

(4) Ria to shelf environment, typical of the Galician
Margin, where the occurrence of tectonically-con-
trolled basins has enabled the formation of signif-
icant sediment depocentres in inner settings (Fig.
9D), mostly composed by transgressive to high-
stand sediments (e.g., Garcia-Garcia et al., 2005).

(5) Shelves with strong tectonic control, localized in
areas crossed by major tectonic accidents (Fig.
9E), such as the northern boundary of the
Allochtonous Body in the Gulf of Cadiz (e.g., Lobo,
2000). There, tectonic deformation such as faults,
antiforms and/or salt diapirs related to deep struc-
tures may significantly modify sedimentary
growth patterns.

Mediterranean-type shelves: a question of sediment
supply

The Mediterranean lIberian continental shelves show
less morpho-stratigraphic variability than the Atlantic
Iberian continental shelves (Fig. 10), as they are
affected by a lower energy hydrodynamic regime; the
main distinctive pattern is the amount of fluvial sup-
ply received in the shelf. Taking this into account, two

Figure 10. Mediterranean-type shelves of the Iberian Peninsula. (A)
High-supply shelf, showing a considerable amount of prograda-
tion. (B) Simple case of a low-supply shelf, showing moderate to
low progradation. (C) Low-supply shelves influenced by canyons.
(D) Low-supply shelf with morpho-structural control. Synthetized
from Urgeles et al. (2011a), Liquete et al. (2008) and Lastras et al.
(2011).

Figura 10. Plataformas de tipo Mediterraneo de la Peninsula
Ibérica. (A) Plataforma con alto aporte, mostrando una prograda-
cion significativa. (B) Caso simple de una plataforma con bajo apor-
te, mostrando una progradacion moderada-baja. (C) Plataforma
con bajo aporte influenciada por canones submarinos. (D)
Plataforma con bajo aporte y control morfo-estructural. Figura sin-
tetizada a partir de las interpretaciones contenidas en Urgeles et al.
(2011a), Liquete et al. (2008) and Lastras et al. (2011).
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styles are defined: (1) high-supply and (2) low-supply

shelves.

(1) The high-supply shelf (Fig. 10A) is essentially rep-
resented by the Ebro continental shelf, receiving
sediments from the fluvial system with the highest
discharges in the Iberian Peninsula. As a conse-
qguence, the continental shelf is composed of the
stacking of thick muddy sequences, which build up
upwards and seawards (e.g., Farran and
Maldonado, 1990), with the amount of prograda-
tion particularly increased after the Messinian ero-
sional surface.

(2) The low-supply shelves are represented by the
rest of the Mediterranean continental shelves.
They can be categorized as low supply, being influ-
enced by short, steep rivers with a seasonal dis-
charge regime delivering a sediment load with
coarser-grained compositions. We identify three
sub-types of low-supply shelves based on the
amount of restriction for shelf progradation. (2.1)
The simple case, a shelf with a sedimentary archi-
tecture similar to the high-supply case but with a
more reduced seaward extension due to the coars-
er-grained composition and to the lower sediment
supply (Fig. 10B). This pattern is found off small
rivers but significant at a regional scale, such as
Llobregat or Guadalfeo (e.g., Liquete et al., 2008;
Gamez et al., 2009). (2.2) A canyon-influenced
shelf, whose seaward growth is limited by canyon
occurrence (Figure 10C). Shelf sequences may par-
tially fill part of the canyon, but generally shelf out-
build is limited by erosional surfaces (e.g. Lastras
et al., 2011; Garcia-Garcia et al., 2012). This sub-
type of shelf is frequent along the entire
Mediterranean margin, as in many cases canyon
origin is linked to the Messinian event. (2.3) A shelf
with morpho-structural control is also a common
sub-type of shelf found in the Mediterranean
Iberian shelves (Fig. 10D). Morpho-structural fea-
tures may appear in the inner shelf, favouring to
some extent shelf progradation, or instead outcrop
in the outer shelf, acting in these cases as barriers
for shelf growth (e.g., Catafau et al., 1994).

Conclusions

The sedimentary architecture and evolution of conti-
nental shelves around lberia reflect to a large-extent
the dominant glacio-eustatic control, with strong
modulation by the combination of amount of sedi-
ment supply and the oceanographic regime.
Regressive to lowstand sequences constitute the
most important portion of the Pliocene-Quaternary

record, with the transgressive to highstand record
preserved favourably in structurally-controlled
regions. During the Middle and Late Quaternary, the
generation of shelf sequences appears to be linked to
the onset of 100 ka Milankovitch cycles. Within these
sequences, falling-stage deposition has been
favoured. Postglacial transgressive deposition shows
a higher spatial variability than the Holocene high-
stand, indicating the activity of allocyclic processes
during the sea-level rise.

The Atlantic Iberian continental shelves evolve
basically as the product of the interaction between
depositional regimes and contrasted oceanographic
regimes, resulting in a latitudinal gradation of envi-
ronments. Some continental shelves with strong
structural control (e.g., rias) show significant depar-
tures from the general model. In contrast, the
Mediterranean lberian continental shelves develop
mainly as the primary influence of fluvial sediment
supply; as a consequence, most of these shelves
show limited development, the only exception being
the highly supplied Ebro continental shelf. The
shelves around the Iberian Peninsula constitute an
exceptional environment for the understanding of the
modulation of glacio-eustatic signals by environmen-
tal factors and its imprint in their long-term construc-
tional patterns.

Acknowledgements

This paper was completed thanks to the support of the
following research projects: CGL2011-30302-C02-02
and CGL2012-33989 funded by the Spanish R+D
Program, MOSAICO (P06-RNM-01594) and TESELA
(P11-RNM7069) funded by the Andalusian R+D
Program. Ruth Duran acknowledges a CSIC JAE-Doc
contract co-funded by the FSE. Marta Ribo is support-
ed by a FPI grant (Ref. BES-2010-029949) from the
Spanish Ministry of Economy and Competitiveness.
Isabel Mendes thanks the Portuguese Foundation for
Science and Technology (FCT) for grant
SFRH/BPD/72869/2010. This study is a contribution to
INQUA IFG: Rapid environmental changes and human
impact on continental shelves. Belén Alonso (CMIMA,
Barcelona) and an anonymous reviewer performed
very detailed reviews of the original version of the
manuscript, resulting in a significant improvement.

References

Acosta, J. 1984. Occurrence of acoustic masking in sedi-
ments in two areas of the continental shelf of Spain: Ria

401



Lobo, F. J. et al., 2015. Shelves around the Iberian Peninsula (Il): Evolutionary... Boletin Geoldgico y Minero, 126 (2-3): 377-408

de Muros (NW) and Gulf of Cadiz (SW). Marine Geology,
58, 427-434.

Albarracin, S., Alcantara-Carrié, J., Barranco, A., Sanchez
Garcia, M., Fontan Bouzas, A. and Rey Salgado, J. 2013.
Seismic evidence for the preservation of several stacked
Pleistocene coastal barrier/lagoon systems on the Gulf
of Valencia continental shelf (western Mediterranean).
Geo-Marine Letters, 33, 217-223.

Alcantara-Carrié, J., Albarracin, S., Montoya Montes, I.,
Flor-Blanco, G., Fontan Bouzas, A. and Rey Salgado, J.
2013. An indurated Pleistocene coastal barrier on the
inner shelf of the Gulf of Valencia (western
Mediterranean): evidence for a prolonged relative sea-
level stillstand. Geo-Marine Letters, 33, 209-216.

Alonso, B. and Maldonado, A. 1992. Pliocene-Quaternary
margin growth patterns in a complex tectonic setting:
Northeastern Alboran Sea. Geo-Marine Letters, 12, 137-
143.

Alonso, B., Field, M.E., Gardner, J.V. and Maldonado, A.
1990. Sedimentary evolution of the Pliocene and
Pleistocene Ebro margin, northeastern Spain. Marine
Geology, 95, 313-331.

Alves, T.M., Gawthorpe, R.L., Hunt, D.W. and Monteiro, J.H.
2003. Cenozoic tectono-sedimentary evolution of the
western lberian margin. Marine Geology, 195, 75-108.

Baas, J.H., Mienert, J., Abrantes, F. and Prins, M.A. 1997.
Late Quaternary sedimentation on the Portuguese conti-
nental margin: climate-related processes and products.
Palaecogeography, Palaeoclimatology, Palaeoecology,
130, 1-23.

Badagola, A. 2008. Evolugdo morfo-tectdnica da plataforma
continental do Espordao da Estremadura. Dissertagao.
Universidade de Lisboa, Portugal.

Barcenas, P. 2013. Procesos morfogenéticos y evolucion
reciente de los depdsitos prodeltaicos del sureste de la
Peninsula Ibérica: Aplicaciones de modelos matemati-
cos. PhD Thesis. Universidad de Mélaga, Spain.

Barcenas, P, Fernandez-Salas, L.M., Macias, J., Lobo, F.J.
and Diaz del Rio, V. 2009. Estudio morfométrico com-
parativo entre las ondulaciones de los prodeltas de los
rios de Andalucia Oriental. Revista de la Sociedad
Geoldgica de Espana, 22, 43-56.

Barcenas, P, Lobo, F.J., Macias, J., Fernandez Salas, L.M.,
Lopez-Gonzalez, N. and Diaz del Rio, V. 2015. Submarine
deltaic geometries linked to steep, mountainous
drainage basins in the northern shelf of the Alboran Sea:
Filling the gaps in the spectrum of deltaic deposition.
Geomorphology, 232, 125-144.

Bard, E., Hamelin, B., Arnold, M., Montaggioni, L.F,
Cabioch, G., Faure, G. and Rougerie, F. 1996. Deglacial
sea-level record from Tahiti corals and the timing of
global meltwater discharge. Nature, 382, 241-244.

Bard, E., Hamelin, B. and Delanghe-Sabatier, D. 2010.
Deglacial meltwater pulse 1B and Younger Dryas sea
levels revisited with boreholes at Tahiti. Science, 327,
1235-1237.

Bassetti, M.A., Berné, S., Jouet, G., Taviani, M., Dennielou,
B., Flores, J.A., Gaillot, A., Gelfort, R., Lafuerza, S. and
Sultan, N. 2008. The 100-ka and rapid sea level changes
recorded by prograding shelf sand bodies in the Gulf of

Lions (western Mediterranean Sea). Geochemistry,
Geophysics, Geosystems, 9, Q11R05, doi:10.1029/
2007GC001854.

Boillot, G., Auxietre, J.L., Dunand, J.P., Dupeuble, P.A. and
Mauffret A. 1979. The northwestern Iberian margin: A
Cretaceous passive margin deformed during Eocene. In:
Talwani, M., Hay, W. and Ryan, W.B.F. (eds.), Deep
drilling results in the Atlantic Ocean. American
Geophysical Union, Maurice Ewing Series, Washington,
3, 138-153.

Boillot, G., Winterer, E.L., Meyer, A.W. et al. 1987.
Proceedings, Initial Reports (Part A), ODP, 103, 649 pp.

Browning, J.V., Miller, K.G., Sugarman, PJ., Barron, J.,
McCarthy, F.M.G., Kulhanek, D.K., Katz, M.E. and
Feigenson, M.D. 2013. Chronology of Eocene-Miocene
sequences on the New Jersey shallow shelf:
Implications for regional, interregional, and global cor-
relations. Geosphere, 9, 1434-1456.

Burdloff, D., Araujo, M.F., Jouanneau, J.M., Mendes, I.,
Monge Soares, A.M. and Dias, J.M.A. 2008. Sources of
organic carbon in the Portuguese continental shelf sedi-
ments during the Holocene period. Applied
Geochemistry, 23, 2857-2870.

Cameselle, A. L., Urgeles, R., De Mol, B., Camerlenghi, A.
and Canning, J.C. 2014. Late Miocene sedimentary
architecture of the Ebro Continental Margin (Western
Mediterranean): implications to the Messinian Salinity
Crisis. International Journal of Earth Sciences, 103, 423-
440.

Catafau, E., Diaz, J.l., Medialdea, T., San Gil, C., Vazquez,
J.T. and Wandossell, J. 1990. Mapa Geoldgico de la
Plataforma Continental Espanola y Zonas Adyacentes.
Escala 1:200.000. Hojas 79-79E (Murcia). Madrid,
Instituto Geoldgico y Minero de Espana, 147 pp.

Catafau, E., Gaytadn, M., Pereda, |., Vazquez, J.T. and
Wandossell, J. 1994. Mapa Geoldgico de la Plataforma
Continental Espanola y Zonas Adyacentes. Escala
1:200.000. Hojas 72-73 (Elche-Alicante). Madrid, Instituto
Geoldgico y Minero de Espana, 73 pp.

Catuneanu, O. and Zecchin, M. 2013. High-resolution
sequence stratigraphy of clastic shelves Il: Controls on
sequence development. Marine and Petroleum Geology,
39, 26-38.

Checa, A., Diaz, J.l.,, Farran, M. and Maldonado, A. 1988.
Sistemas deltaicos holocenos de los rios Llobregat,
Besods y Foix: modelos evolutivos transgresivos. Acta
Geoldgica Hispanica, 23, 241-255.

De la Vara, A., Tent-Manclus, J.E., Estévez, A., Soria, J.M. and
Rey, J. 2011. El prisma sedimentario submarino ligado al
Younger Dryas en la plataforma continental de Benidorm
(Alicante, SE de Espana). Geogaceta, 50, 137-140.

Deschamps, P, Durand, N., Bard, E., Hamelin, B., Camoin,
G., Thomas, A.L.,, Henderson, G.M., Okuno, J. and
Yokoyama, Y. 2012, Ice-sheet collapse and sea-level rise
at the Bglling warming 14,600 years ago. Nature, 483,
559-64.

Dias, J.M.A. 1987. Dinamica sedimentar e evolugcao recente
da plataforma continental portuguesa setentrional. PhD
Thesis. Universidade de Lisboa, Portugal.

Dias, J.A, Boski, T., Rodrigues, A. and Magalhaes, F. 2000.

402



Lobo, F. J. et al., 2015. Shelves around the Iberian Peninsula (Il): Evolutionary... Boletin Geoldgico y Minero, 126 (2-3): 377-408

Coast line Evolution in Portugal since the Last Glacial
Maximum until Present — A Synthesis. Marine Geology,
170, 177-186.

Dias, J.M.A., Gonzalez, R., Garcia, C. and Diaz del Rio, V.
2002. Sediment distribution patterns on the Galicia-
Minho Continental Shelf. Progress in Oceanography, 52,
215-231.

Diaz, J.I. and Ercilla, G. 1993. Holocene depositional history
of the Fluvia-Muga prodelta, northwestern
Mediterranean Sea. Marine Geology, 111, 83-92.

Diaz, J.I. and Maldonado, A. 1990. Transgressive sand bod-
ies on the Maresme continental-shelf western
Mediterranean-sea. Marine Geology, 91, 53-72.

Diaz, J.l., Nelson, C.H., Barber J.H. Jr and Girg, S. 1990. Late
Pleistocene and Holocene sedimentary facies on the
Ebro continental shelf. Marine Geology, 95, 333-352.

Diaz del Rio, V. and Fernandez Salas, L.M. 2005. El margen
continental del Levante espainol y las Islas Baleares. In:
Martin-Serrano, A. (ed) Mapa Geomorfoldgico de
Espana y del margen continental. Madrid, Instituto
Geologico y Minero de Espana, 177-188.

Diaz del Rio, V., Rey, J. and Vegas, R. 1986. The Gulf of
Valencia continental shelf: Extensional tectonics in
Neogene and Quaternary sediments. Marine Geology,
73, 169-179.

Diez, R. 2006. Gas somero y estratigrafia sismico-secuencial
del registro Cuaternario reciente de la ria de Arousa
(noroeste de Espana). PhD Thesis. Universidade de
Vigo, Spain.

Duran, R. 2005. Estratigrafia sismica desde el Ultimo
Méximo Glacial de la Ria de Pontevedra (Galicia, NO
Espana). PhD Thesis. Universidade de Vigo, Spain.

Duran, R., Garcia-Gil, S., Diez, R. and Vilas, F. 2007.
Stratigraphical framework of gas accumulation in the
Ria de Pontevedra (Galicia, NW Spain). Geo-Marine
Letters, 27, 89-102.

Durén, R., Canals, M., Lastras, G., Micallef, A., Amblas, D.,
Pedrosa-Pamies, R. and Sanz, J.L. 2013. Sediment
dynamics and post-glacial evolution of the continental
shelf around the Blanes submarine canyon head (NW
Mediterranean). Progress in Oceanography, 118, 28-46.

Durén, R., Canals, M., Sanz, J.L., Lastras, G., Amblas, D. and
Micallef, A. 2014. Morphology and sediment dynamics
of the northern Catalan continental shelf, northwestern
Mediterranean Sea. Geomorphology, 204, 1-20.

Ercilla, G. and Alonso, B. 1996. Quaternary siliciclastic
sequence stratigraphy of western Mediterranean pas-
sive and tectonically active margins: the role of global
versus local controlling factors. In: De Batist, M. and
Jacobs, P. (eds), Geology of Siliciclastic Shelf Seas.
Geological Society, London, Special Publications, 117,
125-137.

Ercilla, G., Alonso, B. and Baraza, J. 1994a. Post-Calabrian
sequence stratigraphy of the northwestern Alboran Sea
(southwestern Mediterranean). Marine Geology, 120,
249-265.

Ercilla, G., Farran, M., Alonso, B. and Diaz, J.I. 1994b.
Pleistocene progradational growth pattern of the north-
ern Catalonia continental shelf (northwestern
Mediterranean). Geo-Marine Letters, 14, 264-271.

Ercilla, G., Diaz, J.l., Alonso, B. and Farran, M. 1995. Late
Pleistocene-Holocene sedimentary evolution of the
northern Catalonia continental shelf (north-western
Mediterranean Sea). Continental Shelf Research, 15,
1435-1451.

Ercilla, G., Casas, D., Estrada, F., Vazquez, J.T., Iglesias, J.,
Garcia, M., Gomez, M., Acosta, J., Gallart, J. and
Maestro-Gonzalez, A. 2008. Morphosedimentary fea-
tures and recent depositional architectural model of the
Cantabrian continental margin. Marine Geology, 247,
61-83.

Ercilla, G., Estrada, F., Casas, D., Duran, R., Nuez, M.,
Alonso, B. and Farran. M. 2010. The Masnou Infralittoral
sedimentary environment (Barcelona province, NW
Mediterranean Sea): morphology and late Holocene
seismic stratigraphy. Scientia Marina, 74, 180-195.

Fairbanks, R.G. 1989. A 17,000-year glacio-eustatic sea level
record: influence of glacial melting rates on the Younger
Dryas event and deep-ocean circulation. Nature, 342,
637-642.

Farran, M. and Maldonado, A. 1990. The Ebro continental
shelf: Quaternary seismic stratigraphy and growth pat-
terns. Marine Geology, 95, 289-312.

Fernandez-Salas, L.M., Lobo, F.J., Herndndez-Molina, F.J.,
Somoza, L., Rodero, J., Diaz del Rio, V. and Maldonado,
A. 2003. High-resolution architecture of late Holocene
highstand prodeltaic deposits from southern Spain: the
imprint of high-frequency climatic and relative sea-level
changes. Continental Shelf Research, 23, 1037-1054.

Fernandez-Salas, L.M., Lobo, F.J., Sanz, J.L., Diaz del Rio, V.,
Garcia, M.C. and Moreno, |. 2007. Morphometric analy-
sis and genetic implications of pro-deltaic sea-floor
undulations in the northern Alboran Sea margin, west-
ern Mediterranean Basin. Marine Geology, 243, 31-56.

Fernandez-Salas, L.M., Dabrio, C.J., Goy, J.L., Diaz del Rio,
V., Zazo, C., Lobo, FJ., Sanz, J.L. and Lario, J. 2009.
Land-sea correlation between Late Holocene coastal and
infralittoral deposits in the SE Iberian Peninsula
(Western Mediterranean). Geomorphology, 104, 4-11.

Fernandez-Salas, L.M., Duran, R., Mendes, l., Galparsoro, I.,
Lobo, F.J., Barcenas, P, Rosa, F.,, Ribd, M., Garcia-Gil, S.,
Ferrin, A., Carrara, G., Roque, C. and Canals, M. this
issue. Shelves around the Iberian Peninsula (I):
Morphology and sediments. Boletin Geoldgico y
Minero.

Ferrin, A. 2005. Cenozoic seismic stratography of the
Southern Galician Shelf (NW Spain). Comparative study
with the Canterbury Shelf (SE New Zealand) during the
Quaternary. PhD Thesis. Universidade de Vigo, Spain.

Frey-Martinez, J., Cartwright, J.A., Burgess, P.M. and Bravo,
J.V. 2004. 3D seismic interpretation of the Messinian
Unconformity in the Valencia Basin, Spain. In: Davies,
R.J., Cartwright, J.A., Steward, S.A., Lappin, M. and
Underhill, J.R. (eds), 3D Seismic Technology:
Application to the Exploration of Sedimentary Basins.
Geological Society, London, Memoirs, 29, 91-100.

Galparsoro, I., Borja, A., Legorburu, I., Hernandez, C., Chust,
G., Liria, P. and Uriarte, A. 2010. Morphological charac-
teristics of the Basque continental shelf (Bay of Biscay,
northern Spain); their implications for Integrated

403



Lobo, F. J. et al., 2015. Shelves around the Iberian Peninsula (Il): Evolutionary... Boletin Geoldgico y Minero, 126 (2-3): 377-408

Coastal Zone Management. Geomorphology, 118, 314-
329.

Gamez, D., Simo¢, J.A., Lobo, FJ., Barnolas, A., Carrera, J.
and Vazquez-Suné, E. 2009. Onshore-offshore correla-
tion of the Llobregat deltaic system, Spain:
Development of deltaic geometries under different rela-
tive sea-level and growth fault influences. Sedimentary
Geology, 217, 65-84.

Garcia, M., Maillard, A., Aslanian, D., Rabineau, M., Alonso,
B., Gorini, C. and Estrada, F. 2011. The Catalan Margin
during the Messinian Salinity Crisis: Physiography, mor-
phology and sedimentary record. Marine Geology, 284,
158-174.

Garcia-Garcia, A., Garcia-Gil, S. and Vilas, F. 2005.
Quaternary evolution of the Ria de Vigo, Spain. Marine
Geology, 220, 153-179.

Garcia-Garcia, A., Schoolmeester, T., Orange, D., Calafat, A.,
Fabres, J., Grossman, E., Field, M., Lorenson, T.D.,
Levey, M. and Sansoucy, M. 2012. Recent sedimentary
processes in the Cap de Creus canyon head and adja-
cent continental shelf, NE Spain: evidence from multi-
beam bathymetry, sub-bottom profiles and coring. In: Li,
M.Z., Sherwood, C.R. and Hill, P.R. (eds), Sediments,
Morphology and Sedimentary Processes on Continental
Shelves. IAS Special Publication, 44, 71-98.

Garcia-Gil, S., Vilas-Martin, F., Munoz, A., Acosta, J. and
Uchupi, E. 1999. Quaternary sedimentation and thermal
diapirism in the Ria de Pontevedra (Galicia), Northwest
Spain. Journal of Coastal Research, 15, 1083-1090.

Garcia-Gil, S., Garcia-Garcia, A., Duran, R. and Vilas, F. 2000.
Estudio sismico de alta resolucion en las Rias Baixas:
Pontevedra y Vigo (NO Espana). Cuadernos de Geologia
Ibérica, 26, 65-79.

Garcia-Gil, S., de Blas, E., Martinez-Carrefo, N., Iglesias, J.,
Rial-Otero, R., Simal-Gandara, J. and Judd, A.G. 2011.
Characterisation and preliminary quantification of the
methane reservoir in a coastal sedimentary source: San
Simén Bay, Ria de Vigo, NW Spain. Estuarine and
Coastal Shelf Science, 91, 232-242.

Gonzalez, R., Dias, J.M.A., Lobo, F. and Mendes, |. 2004.
Sedimentological and paleoenvironmental characterisa-
tion of transgressive sediments on the Guadiana Shelf
(Northern Gulf of Cadiz, SW lberia). Quaternary
International, 120, 133-144.

Grant, K.M., Rohling, E.J., Bar-Matthews, M., Ayalon, A.,
Medina-Elizalde, M., Ramsey, C.B., Satow, C. and
Roberts, A.P. 2012. Rapid coupling between ice volume
and polar temperature over the past 150,000 years.
Nature, 491, 744-747.

Gutiérrez-Mas, J.M., Dominguez-Bella, S. and Loépez
Aguayo, F. 1994. Present-day sedimentation patterns of
the Gulf of Cadiz northern shelf from heavy mineral
analysis. Geo-Marine Letters, 14, 52-58.

Gutiérrez-Mas, J.M., Hernandez-Molina, F.J. and Lopez
Aguayo, F. 1996. Holocene sedimentary dynamics on the
Iberian continental shelf of the Gulf of Cadiz (SW Spain).
Continental Shelf Research, 16, 1635-1653.

Hanebuth, T., Stattegger, K. and Grootes, P.M. 2000. Rapid
Flooding of the Sunda Shelf: A Late-Glacial Sea-Level
Record. Science, 288, 1033-1035.

Hernandez-Molina, F.J., Somoza, L., Rey, J. and Pomar, L.
1994. Late Pleistocene-Holocene sediments on the
Spanish continental shelves: Model for very high reso-
lution sequence stratigraphy. Marine Geology, 120, 129-
174.

Hernandez-Molina, FJ., Somoza, L. and Lobo, F. 2000a.
Seismic stratigraphy of the Gulf of Cadiz continental
shelf: a model for Late Quaternary very high-resolution
sequence stratigraphy and response to sea-level fall. In:
Hunt, D. and Gawthorpe, R.L.G. (eds.), Sedimentary
Responses to Forced Regressions. Geological Society,
London, Special Publications, 172, 329-362.

Hernandez-Molina, F.J., Fernandez-Salas, L.M., Lobo, F,
Somoza, L., Diaz-del-Rio, V. and Alveirinho Dias, J.M.
2000b. The infralittoral prograding wedge: a new large-
scale progradational sedimentary body in shallow
marine environments. Geo-Marine Letters, 20, 109-117.

Hernandez-Molina, F.J., Somoza, L., Vazquez, J.T., Lobo, F,
Fernandez-Puga, M.C., Llave, E. and Diaz-del-Rio, V.
2002. Quaternary stratigraphic stacking patterns on the
continental shelves of the southern Iberian Peninsula:
their relationship with global climate and palaeoceano-
graphic changes. Quaternary International, 92, 5-23.

Hernandez-Molina, F., Serra, N., Stow, D., Llave, E., Ercilla,
G. and Van Rooij, D. 2011. Along-slope oceanographic
processes and sedimentary products around the lberian
margin. Geo-Marine Letters, 31, 315-341.

Hinz, K. 1970. Seismic reflection measurements with a
pneumatic sound source in the Ria de Arosa (Nw Spain).
Leidsche Geol Meded 37.

Hsi, K.J., Ryan, W.B.F. and Cita, M.B. 1973. Late Miocene
dessication of the Mediterranean. Nature, 242, 240-244.

Jabaloy-Sanchez, A., Lobo, FJ., Azor, A., Barcenas, P,
Fernandez-Salas, L.M., Diaz del Rio, V. and Pérez-Pena,
J.V. 2010. Human-driven coastline changes in the Adra
River deltaic system, southeast Spain. Geomorphology,
119, 9-22.

Jabaloy-Sanchez, A., Lobo, FJ., Azor, A., Martin-Rosales,
W., Pérez-Pena, J.V., Barcenas, P., Macias, J., Fernandez-
Salas, L. M. and Vazquez-Vilchez, M. 2014. Six thousand
years of coastline evolution in the Guadalfeo deltaic sys-
tem (southern Iberian Peninsula). Geomorphology, 206,
374-391.

Jouanneau, J.M., Weber, O., Champilou, N., Cirac, P,
Muxika, 1., Borja, A., Pascual, A., Rodriguez-Lazaro, J.
and Donard, O. 2008. Recent sedimentary study of the
shelf of the Basque country. Journal of Marine Systems,
72, 397-406.

Katz, M.E., Browning, J.V., Miller, K.G., Monteverde, D.H.,
Mountain, G.S. and Williams, R.H. 2013.
Paleobathymetry and sequence stratigraphic interpreta-
tions from benthic foraminifera: Insights on New Jersey
shelf architecture, IODP Expedition 313. Geosphere, 9,
1488-1513.

Lantzsch, H., Hanebuth, T.J.J. and Bender, V.B. 2009a.
Holocene evolution of mud depocentres on a high-ener-
gy, low accumulation shelf (NW lIberia). Quaternary
Research, 72, 325-336.

Lantzsch, H., Hanebuth, T.J.J., Bender, V.B. and Krastel, S.
2009b. Sedimentary architecture of a low-accumulation

404



Lobo, F. J. et al., 2015. Shelves around the Iberian Peninsula (Il): Evolutionary... Boletin Geoldgico y Minero, 126 (2-3): 377-408

shelf since the Late Pleistocene (NW lberia). Marine
Geology, 259, 47-58.

Lastras, G., Canals, M., Amblas, D., Lavoie, C., Church, I., De
Mol, B., Duran, R., Calafat, A.M., Hughes-Clarke, J.E.,
Smith, C.J. and Heussner, S. 2011. Understanding sedi-
ment dynamics of two large submarine valleys from
seafloor data: Blanes and La Fonera Canyons, north-
western Mediterranean Sea. Marine Geology, 280, 20-
39.

Liquete, C., Canals, M., Lastras, G., Amblas, D., Urgeles, R.,
De Mol, B., De Batist, M. and Hughes-Clarke, J.E. 2007.
Long-term development and current status of the
Barcelona continental shelf: A source-to sink approach.
Continental Shelf Research, 27, 1779-1800.

Liquete, C., Canals, M., De Mol, B., De Batist, M. and
Trincardi, F. 2008. Quaternary stratal architecture of the
Barcelona prodeltaic continental shelf (NW
Mediterranean). Marine Geology, 250, 234-250.

Lobo, F.J. 2000. Estratigrafia de alta resolucion y cambios
del nivel del mar durante el Cuaternario del margen con-
tinental del Golfo de Cadiz (S de Espana) y del
Roussillon (S de Francia): Estudio comparativo. PhD
Thesis. Universidad de Cadiz, Spain.

Lobo, F.J. and Ridente, D. 2014. Stratigraphic architecture
and spatio-temporal variability of high-frequency
(Milankovitch) depositional cycles on modern continen-
tal margins: An overview. Marine Geology, 352, 215-247.

Lobo, F.J., Herndndez-Molina, F.J., Somoza, L. and Diaz del
Rio, V. 1999. Palaeoenvironments, relative sea-level
changes and tectonic influence on the Quaternary seis-
mic units of the Huelva continental shelf (Gulf of Cadiz,
southwestern Iberian Peninsula). Boletin del Instituto
Espanol de Oceanografia, 15, 161-180.

Lobo, F.J., Hernandez-Molina, F.J., Somoza, L., Rodero, J.,
Maldonado, A. and Barnolas, A. 2000. Patterns of bot-
tom current flow deduced from dune asymmetries over
the Gulf of Cadiz shelf (southwest Spain). Marine
Geology, 164, 91-117.

Lobo, F.J., Herndndez-Molina, F.J., Somoza, L. and Diaz del
Rio, V. 2001. The sedimentary record of the post-glacial
transgression on the Gulf of Cadiz continental shelf
(southwest Spain). Marine Geology, 178, 171-195.

Lobo, FJ., Sanchez, R., Gonzalez, R., Dias, J.M.A.,
Hernandez-Molina, F.J., Fernandez-Salas, L.M., Diaz del
Rio, V. and Mendes, |. 2004. Contrasting styles of the
Holocene highstand sedimentation and sediment dis-
persal systems in the northern shelf of the Gulf of Cadiz.
Continental Shelf Research, 24, 461-482.

Lobo, F.J., Dias, J.M.A., Hernandez-Molina, F.J., Gonzélez,
R., Fernandez-Salas, L.M. and Diaz-Del-Rio, V. 2005a.
Late Quaternary shelf-margin wedges and upper slope
progradation in the Gulf of Cadiz margin (SW Iberian
Peninsula). In: Hodgson, D.M. and Flint, S.S. (eds.),
Submarine Slope Systems: Processes and Products.
Geological Society, London, Special Publications, 244, 7-
25.

Lobo, F.J., Fernandez-Salas, L.M., Hernandez-Molina, F.J.,
Gonzaélez, R., Dias, J.M.A., Diaz del Rio, V. and Somoza,
L. 2005b. Holocene highstand deposits in the Gulf of
Cadiz, SW Iberian Peninsula: A high-resolution record of

hierarchical environmental changes. Marine Geology,
219, 109-131.

Lobo, FJ., Fernandez-Salas, L.M., Moreno, |., Sanz, J.L. and
Maldonado, A. 2006. The sea-floor morphology of a
Mediterranean shelf fed by small rivers, northern
Alboran Sea margin. Continental Shelf Research, 26,
2607-2628.

Lobo, F., Maldonado, A., Hernandez-Molina, F., Fernandez-
Salas, L., Ercilla, G. and Alonso, B. 2008. Growth pat-
terns of a proximal terrigenous margin offshore the
Guadalfeo River, northern Alboran Sea (SW
Mediterranean Sea): glacio-eustatic control and disturb-
ing tectonic factors. Marine Geophysical Researches, 29,
195-216.

Lobo, F.J., Maldonado, A. and Noormets, R. 2010. Large-
scale sediment bodies and superimposed bedforms on
the continental shelf close to the Strait of Gibraltar:
interplay of complex oceanographic conditions and
physiographic constraints. Earth Surface Processes and
Landforms, 35, 663-679.

Lofi, J., Rabineau, M., Gorini, C., Berne, S., Clauzon, G., De
Clarens, P, Tadeu Dos Reis, A., Mountain, G.S., Ryan,
W.B.F., Steckler, M.S. and Fouchet, C. 2003. Pliocene-
Quaternary prograding clinoform wedges of the west-
ern Gulf of Lion continental margin (NW Mediterranean)
after the Messinian Salinity Crisis. Marine Geology, 198,
289-317.

Lépez-Galindo, A., Rodero, J. and Maldonado, A. 1999.
Surface facies and sediment dispersal patterns: south-
eastern Gulf of Cadiz, Spanish continental margin.
Marine Geology, 155, 83-98.

Maestro, A., Lopez-Martinez, J., Llave, E., Bohoyo, F,
Acosta, J., Hernandez-Molina, FJ., Muhoz, A. and Jané,
G. 2013. Geomorphology of the Iberian Continental
Margin. Geomorphology, 196, 13-35.

Maillard, A. and Mauffret, A. 2006. Relationship between
erosion surfaces and Late Miocene Salinity Crisis
deposits in the Valencia Basin (northwestern
Mediterranean): evidence for an early sea-level fall.
Terra Nova, 18, 321-329.

Maillard, A. and Mauffret, A. 2013. Structure and present-
day compression in the offshore area between Alicante
and Ibiza Island (Eastern Iberian Margin).
Tectonophysics, 591, 116-130.

Maldonado, A. and Nelson, C.H. 1999. Interaction of tecton-
ic and depositional processes that control the evolution
of the lberian Gulf of Cadiz margin. Marine Geology,
155, 217-242.

Maldonado, A. and Zamarreho, I. 1983. Modelos sedimen-
tarios en las plataformas continentales del Mediterraneo
espanol: factores de control, facies y procesos que rigen
su desarrollo. [In: Castellvi, J. (ed), Estudio
Oceanogréfico de la Plataforma Continental. Cadiz, 15-
52.

Maldonado, A., Swift, D.J.P.,, Young, R.A., Han, G., Nittrouer,
C.A., DeMaster, D.J., Rey, J., Palomo, C., Acosta, J.,
Ballester, A. and Castellvi, J. 1983. Sedimentation on the
Valencia continental shelf: preliminary results.
Continental Shelf Research, 2, 195-211.

Martinez-Carreno, N. and Garcia-Gil, S. 2013. The Holocene

405



Lobo, F. J. et al., 2015. Shelves around the Iberian Peninsula (Il): Evolutionary... Boletin Geoldgico y Minero, 126 (2-3): 377-408

gas system in the Ria de Vigo (NW Spain): Factors con-
trolling the location of gas accumulations, seeps and
pockmarks. Marine Geology, 344, 82-100.

Maselli, V., Trincardi, F., Cattaneo, A., Ridente, D. and Asioli,
A. 2010. Subsidence pattern in the central Adriatic and
its influence on sediment architecture during the last
400 kyr. Journal of Geophysical Research, 115, B12106.

Medialdea, J., Maldonado, A., Alonso, B., Diaz, J.l., Farran,
M., Giro, S., Vazquez, A., Sainz-Amor, E., Martinez, A.
and Medialdea, T. 1986. Mapa Geoldgico de la
Plataforma Continental Espanola y Zonas Adyacentes. E
1:200000. Hojas 41-42 (Tortosa-Tarragona). Madrid,
Instituto Geoldégico y Minero de Espana, 78 pp.

Medialdea, J., Maldonado, A., Diaz, J.l., Escutia, C., Farran,
M., Giro, S., Serra, M., Medialdea, T. and Vazquez, J.T.
1989. Mapa Geoldgico de la Plataforma Continental
Espanola y Zonas Adyacentes. E 1:200000. Hojas 35-42E
(Barcelona). Madrid, Instituto Geoldgico y Minero de
Espana, 117 pp.

Medialdea, J., Maldonado, A., Alonso, B., Diaz, J.l., Ercilla,
G., Farran, M., Medialdea, T. and Vazquez, J.T. 1994.
Mapa Geoldgico de la Plataforma Continental Espanola
y Zonas Adyacentes. E 1:200000. Hojas 25-25E
(Figueres). Madrid, Instituto Geoldgico y Minero de
Espana, 92 pp.

Mendes, I., Rosa, F.,, Dias, J.A., Schonfeld, J., Ferreira, O.
and Pinheiro, J. 2010. Inner shelf paleoenvironmental
evolution as a function of land-ocean interactions in the
vicinity of the Guadiana River, SW lberia. Quaternary
International, 221, 58-67.

Mendes, I., Dias, J., Schonfeld, J., Ferreira, O., Rosa, F,
Gonzalez, R. and Lobo, F. 2012. Natural and human-
induced Holocene paleoenvironmental changes on the
Guadiana shelf (northern Gulf of Cadiz). The Holocene,
22, 1011-1024.

Mougenot, D. 1989. Geologia da Margem Portuguesa.
Documento Técnico, 32, Instituto Hidrografico, 259 pp.

Munoz, A., Acosta, J. and Uchupi, E. 2003. Cenozoic tecton-
ics on the Galicia margin, northwest Spain. Geo-Marine
Letters, 23, 72-80.

Musellec, P. 1974. Geologie du plateau continental portu-
gais au Nord du Cap Carvoeiro. These 3¢ cycle,
Université de Rennes, France, 150 pp.

Nelson, C.H., Baraza, J., Maldonado, A., Rodero, J., Escutia,
C. and Barber, J.H. 1999. Influence of the Atlantic inflow
and Mediterranean outflow currents on Late Quaternary
sedimentary facies of the Gulf of Cadiz continental mar-
gin. Marine Geology, 155, 99-129.

Oliveira, A., Rocha, F., Rodrigues, A., Jouanneau, J., Dias,
A., Weber, O. and Gomes, C. 2002. Clay minerals from
the sedimentary cover from the Northwest lberia shelf.
Progress in Oceanography, 52, 233-247.

Ortega-Sanchez, M., Lobo, F.J., Lépez-Ruiz, A., Losada, M.A.
and Fernandez-Salas, L.M. 2014, The influence of shelf-
indenting canyons and infralittoral prograding wedges
on coastal morphology: The Carchuna system in
Southern Spain. Marine Geology, 347, 107-122.

Pascual, A., Cearreta, A., Rodriguez-Lazaro, J. and Uriarte,
A. 2004. Chapter 3 Geology and Palaeoceanography. In:
Borja, A. and Collins, M. (eds.), Oceanography and

Marine Environment of the Basque Country. Elsevier
Oceanography Series, Volume 70, 53-73.

Pena dos Reis, R.B. and Mayer, R. 1982. Sédimentation con-
tinental du Crétacé terminal au Miocéne dans the Bassin
de Coimbra-Leiria (Portugal). Actions tectoniques et cli-
matiques (silicification). Comptes Rendus de I’Académie
des Sciences, 294, 741-744.

Perea, H., Gracia, E., Alfaro, P, Bartolomé, R., Lo lacono, C.,
Moreno, X., Masana, E. and Team, E.-S., 2012.
Quaternary active tectonic structures in the offshore
Bajo Segura basin (SE Iberian Peninsula -
Mediterranean Sea). Natural Hazards and Earth System
Sciences, 12, 3151-3168.

Rabineau, M., Berne, S., Aslanian, D., Olivet, J.-L., Joseph,
P.,, Guillocheau, F., Bourillet, J.-F., Ledrezen, E. and
Granjeon, D. 2005. Sedimentary sequences in the Gulf of
Lion: A record of 100,000 years climatic cycles. Marine
and Petroleum Geology, The Gulf of Lions: an overview
of recent studies within the French “Margins”
Programme, 22, 775-804.

Rabineau, M., Leroux, E., Aslanian, D., Bache, F., Gorini, C.,
Moulin, M., Molliex, S., Droz, L., dos Reis, A.T., Rubino,
J.L., Guillocheau, F. and Olivet, J.L. 2014. Quantifying
subsidence and isostatic readjustment using sedimenta-
ry paleomarkers, example from the Gulf of Lion. Earth
and Planetary Science Letters, 388, 353-366.

Rasmussen, E.S., Lomholt, S., Andersen, C. and Vejbae, K.O.
1998. Aspects of structural evolution of the Lusitanian
Basin in Portugal and the shelf and slope area offshore
Portugal. Tectonophysics, 300, 199-225.

Raymo, M., Ruddiman, W., Backman, J., Clement, B. and
Martinson, D. 1989. Late Pliocene variation in northern
hemisphere ice sheets and North Atlantic deep water
circulation. Paleoceanography, 4, 413-446.

Rey, J. 1993. Relacion morfosedimentaria entre la platafor-
ma continental de Galicia y las Rias Bajas y su evolucion
durante el Cuaternario. Publicacion Especial del Instituto
Espafnol de Oceanografia, 17, 233 pp.

Rey, J. and Diaz del Rio, V. 1983. Aspectos geoldgicos sobre
la estructura poco profunda de la plataforma continental
del levante espanol. In: Castellvi, J. (ed) Estudio
Oceanogréfico de la Plataforma Continental. Cadiz, 53-74.

Rey, J. and Fumanal, P. 1996. The Valencian coast (western
Mediterranean): Neotectonics and geomorphology.
Quaternary Science Reviews, 15. 789-802.

Rey, J., Fernandez-Salas, L.M. and Blazquez, A.M. 1999.
Identificacion de las unidades morfosedimentarias cua-
ternarias en la plataforma interna del litoral del Pais
Valenciano: el rol de los factores morfoestructurales y
eustaticos. Geoarqueologia i Quaternari litoral, 403-418.

Riaza, C. and Martinez del Olmo, W. 1996. Depositional
model of the Guadalquivir-Gulf of Cadiz Tertiary Basin.
In: Friend, PF. and Dabrio, C.J. (eds), Tertiary Basins of
Spain: The Stratigraphic Record of Crustal Kinematics.
Cambridge University Press, Cambridge, 330-338.

Ridente, D., Trincardi, F., Piva, A. and Asioli, A. 2009. The
combined effect of sea level and supply during
Milankovitch cyclicity: Evidence from shallow-marine
0 records and sequence architecture (Adriatic mar-
gin). Geology, 37, 1003-1006.

406



Lobo, F. J. et al., 2015. Shelves around the Iberian Peninsula (Il): Evolutionary... Boletin Geoldgico y Minero, 126 (2-3): 377-408

Roca, E., Sans, M., Cabrera, L. and Marzo, M. 1999.
Oligocene to Middle Miocene evolution of the central
Catalan margin  (northwestern Mediterranean).
Tectonophysics, 315, 209-233.

Rodero, J., Pallares, L. and Maldonado, A. 1999. Late
Quaternary seismic facies of the Gulf of Cadiz Spanish
margin: depositional processes influenced by sea-level
change and tectonic controls. Marine Geology, 155, 131-
156.

Rodrigues, A. 2001. Tectono-estratigrafia da plataforma
continental setentrional portuguesa. Dissertagao.
Universidade de Lisboa, Portugal, 227 pp.

Rodrigues, A., Dias, J.A. and Ribeiro, A. 2000. The North
Portuguese shelf during the last Glacial Maximum and
Younger Dryas. 32 Simpdsio sobre a Margem Ibérica
Atlantica, Faro, 209-210.

Rosa, F.,, Dias, J., Mendes, I. and Ferreira, 0. 2011. Mid to
late Holocene constraints for continental shelf mud dep-
osition in association with river input: the Guadiana
Mud Patch (SW Iberia). Geo-Marine Letters, 31, 109-121.

Serra, J. 1976. Le precontinent catalan entre le Cap Begur et
Arenys de Mar (Espagne): structure et sedimentation
recente. PhD Thesis. Université Paul Sabatier, Toulouse
lll, France, 322 pp.

Serra, J. and Sorribas, J. 1993. Origin and chronology of the
submarine bars of the Maresme Coast (NE Spain).
Geogaceta, 14, 29-31.

Serra, J., Maldonado, A. and Riba, O. 1979. Caracterizacion
del margen continental de Cataluia y Baleares. Acta
Geoldgica Hispanica, 14, 494-504.

Serra, J., Valois, X. and Parra, D. 2007. Estrucutura del
prodelta de la Tordera (costa del Maresme, NO
Mediterraneo) a partir del analisis sismico de alta res-
olucién. Geogaceta, 41, 211-213.

Shackleton, N.J., Backman, J., Zimmerman, H., Kent, D.V.
and Hall, M.A. 1984. Oxygen isotope calibration of the
onset of icerafting and history of glaciation in the North
Atlantic region. Nature, 307, 620-623.

Soler, R., Martinez, W., Megias, A.G. and Abeger, J.A. 1983.
Rasgos basicos de Nedgeno del Mediterraneo espanol.
Mediterranea. Serie de Estudios Geoldgicos, 1, 71-82.

Siddall, M., Chappell, J. and Potter, E.K. 2007. Eustatic sea
level during past interglacials. In: Sirocko, F., Claussen,
M., Goni, M.F.S. and Litt, T. (eds.), The Climate of Past
Interglacials. Developments in Quaternary Sciences,
Elsevier, 75-92.

Siddall, M., Kaplan, M.R., Schaefer, J.M., Putnam, A., Kelly,
M.A. and Goehring, B., 2010. Changing influence of
Antarctic and Greenlandic temperature records on sea-
level over the last glacial cycle. Quaternary Science
Reviews, 29, 410-423.

Somoza, L., Hernandez-Molina, F.J., De Andrés, J.R. and

Rey, J. 1997. Continental shelf architecture and sea-level
cycles: Late Quaternary high-resolution stratigraphy of
the Gulf of Cadiz, Spain. Geo-Marine Letters, 17, 133-
139.

Tassone, A., Roca, E., Munoz, J.A., Cabrera, L. and Canals,
M. 1994. Evolucidn del sector septentrional del margen
continental catalan durante el Cenozoico. Acta
Geoldgica Hispanica, 29, 3-37.

Tent-Manclus, J.E., Estévez, A., Soria, J.M., Benabdeloued,
N.Y.B., Corbi, H., Rey, J., Pina, J.A. and Yébenes, A.
2009. Registro del evento 8.2 ka en la plataforma conti-
nental de Alicante (SE, Espana). Geogaceta, 47, 97-100.

Urgeles, R., De Mol, B., Liquete, C., Canals, M., De Batist, M
1146 ., Hughes-Clarke, J.E., Amblas, D., Arnau, PA,,
Calafat, A.M., Casamor, J.L., Centella, V., De Rycker, K.,
Fabrés, J., Frigola, J., Lafuerza, S., Lastras, G., Sanchez,
A., Zuniga, D., Versteeg, W. and Willmott, V. 2007:
Sediment undulations on the Llobregat prodelta: Signs
of early slope instability or bottom current activity?
Journal of Geophysical Research, 112, B05102.

Urgeles, R., Camerlenghi, A., Garcia-Castellanos, D., De
Mol, B., Garcés, M., Vergés, J., Haslam, I. and Hardman,
M. 2011a. New constraints on the Messinian sealevel
drawdown from 3D seismic data of the Ebro Margin,
western Mediterranean. Basin Research, 23, 123-145.

Urgeles, R., Cattaneo, A., Puig, P, Liquete, C., De Mol, B.,
Amblas, D., Sultan, N. and Trincardi, F. 2011b. A review
of undulated sediment features on Mediterranean
prodeltas: distinguishing sediment transport structures
from sediment deformation. Marine Geophysical
Researches, 32, 49-69.

Uriarte, A., Collins, M., Cearreta, A., Bald, J. and Evans, G.
2004. Chapter 5 Sediment supply, transport and deposi-
tion: contemporary and Late Quaternary evolution. In:
Borja, A. and Collins, M. (eds.), Oceanography and
Marine Environment of the Basque Country. Elsevier
Oceanography Series, Volume 70, 97-131.

Vigneaux, M. 1974. The geology and sedimentation history
of the Bay of Biscay. Ocean Basin and Margins, vol. 2, 9.
Plenum Press, London, 273-374.

Wilson, R.C.L. 1988. Mesozoic development of the
Lusitanian Basin, Portugal. Revista de la Sociedad
Geoldgica de Espana, 1, 393-407.

Zamarreno, |, Vazquez, A. and Maldonado, A. 1983.
Sedimentacién en la plataforma de Almeria: Un ejemp-
lo de sedimentacidon mixta silicico-carbonatada en clima
templado. In: Castellvi, J. (ed), Estudio Oceanogréfico de
la Plataforma Continental. Cadiz, 97-119.

Zecchin, M. and Catuneanu, O. 2013. High-resolution
sequence stratigraphy of clastic shelves I: Units and
bounding surfaces. Marine and Petroleum Geology, 39,
1-25.

Recibido: marzo 2014
Revisado: septiembre 2014
Aceptado: diciembre 2014
Publicado: junio 2015

407






