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Presentation and objectives of  the Ph.D. 
Thesis

The Cantabrian continental margin constitutes a magnificent natural laboratory to investigate sub-
marine sedimentation and the processes of  deposition and erosion that operated in a continental 
margin from the Alpine continental collision up to the recent evolution. More specifically, this re-
search focuses on the sedimentary evolution spanning from the Late Oligocene to the present of  the 
easternmost sector of  this margin, that is, from Gijón to Bilbao, comprising also a small sector of  
the distal Aquitanian continental margin, from Biarritz to Bordeaux. 

Geological processes, especially those related with the structural dynamics in the Cantabrian con-
tinental margin, have long been a point of  scientific debate.  Investigations of  geology date back to 
the French exploration expeditions in the 70’s (Boillot et al. 1971; Debyser et al., 1971; Le Pichon 
et al., 1971; Montadert et al., 1971a, b, c; Winnock, 1971; Laughton et al., 1972; Boillot et al., 1974; 
Vigenaux, 1974; Boillot & Capdevila, 1977; Boillot et al., 1979; Montadert et al., 1979; Derégnau-
court & Boillot, 1982; among others). Periodical cruises to the Cantabrian Sea produced a modest 
collection of  scientific literature as well as a number of  physiographic and structural maps. Howe-
ver, investigations on sedimentology (s.l.) were extremely limited. It is also worth mentioning that 
this margin represents one of  the Spanish less studied margins, both in the Mediterranean Sea and 
Atlantic Ocean.  

The Cantabrian continental margin is an important area for investigation due to the hydrocarbon 
industry’s interest in its exploitation as well as for the telecommunication cables that are laid across 
it. Nevertheless, its Neogene and Quaternary sedimentary evolution and recent sedimentary proces-
ses remain poorly understood. 

For all the abovementioned reasons, this work represents an important advance in our knowledge 
on this margin’s geology together with the fact that its results will be of  great interest and multiple 
practical applications.    



The main objective of  this research is to study the Sedimentation of  the Cantabrian Continental 
Margin from Late Oligocene to Quaternary. In particular, this research addressed the following 
specific objectives:

- To characterise the sedimentary geomorphology and the main sedimentary environments 
and processes, 

- to establish the stratigraphic architecture and sedimentary evolution of  the continental mar-
gin from the Late Oligocene to the Quaternary, and

- to analyse the interplay between sedimentation, tectonics, eustasy and oceanography, and 
their resulting sedimentary products since the Late Oligocene.

In order to cover all these objectives, the approach chosen was to investigate them in the different 
physiographic provinces of  the continental margin and in an integrated way (as a shelf-to-rise system), 
using a database with comprised both acoustic and seismic information obtained with different 
systems and which had different scales of  resolution. This multi-spatial scale approach includes 
perspectives ranging from regional to tens of  kilometres long, whereas the multi-resolution approach 
implies knowledge of  sedimentation from regional to local context up to decametric resolution. All 
have triggered a multi-temporal approach ranging from millions to thousands of  years. 

The manuscript has been divided into 5 chapters. To begin with, Chapter 1 presents general thematic 
and regional introductions. The thematic introduction deals with the topic of  continental margins, 
paying special attention to clastic passive continental margins and their sedimentation. The regional 
introduction covers the geographical, geodynamic, geological and oceanographical settings of  the 
Bay of  Biscay. After this theoretical introduction, the thesis will be divided in four parts.

The first part corresponds to Chapter 2 and presents the dataset used and the methods of  acquisition 
and processing. These methods will be reminded of  throughout the different chapters in their res-
pective introductions.

The second part, Chapter 3, defines the main morphosedimentary features and determines the recent 
sedimentary processes that characterise to sedimentary environments from continental shelf  to rise.  

The third part, grouping Chapter 4 and Chapter 5, presents a detailed seismic stratigraphy with di-
fferent degrees of  resolution, from the Late Oligocene to the Quaternary periods (Chapter 4), and 
from Early Pliocene to Holocene (Chapter 5), characterising the facies’  architecture, sedimentary 
environments as well as their spatial and temporal relationships. The different sedimentary stages of  
the evolution are also characterised.

The fourth part is represented by Chapter 6, where the nature of  ‘pockforms’ on the Landes Plateau 
is investigated by correlating the observed sedimentary, structural and fluid-dynamics features, to 
their interpretation.  

In conclusion, Chapter 7 presents a summary of  the new insights provided as well as an integration of  
the results obtained in order to establish sedimentation models and their controlling factors.







Resumo

Obxectivos

A marxe Continental Cantábrica constitúe un magnífico laboratorio natural para investiga-la se-
dimentación submarina e mailos procesos de deposición e erosión que operan nunha marxe conti-
nental dende a Oroxenia Alpina ata a recente evolución. De xeito mais específico, esta investigación 
céntrase na evolución sedimentaria dende o Oligoceno Superior ata a actualidade no sector máis 
oriental desta marxe, dende Gijón ata Bilbao, e un pequeño sector da marxe continental deAquita-
nia, dende Biarritz a Burdeos.

Os procesos  xeolóxicos, especialmente aqueles relacionados coa dinámica estructural da marxe 
continental Cantábrica, veñen sendo un punto de especial debate científico. As investigacións xeo-
lóxicas datan das expedicións francesas dos anos 70 (Boillot et al. 1971; Debyser et al., 1971; Le 
Pichon et al., 1971; Montadert et al., 1971a, b, c; Winnock, 1971;  Laughton et al., 1972; Boillot et 
al., 1974; Vigenaux, 1974; Boillot & Capdevila, 1977; Boillot et al., 1979; Montadert et al., 1979; 
Derégnaucourt & Boillot, 1982; entre outros). Campañas periódicas ó Mar Cantabrico produciron 
unha modesta literatura científica e algunhas cartografías fisiográficas e estructurais. Sen embargo, 
as investigacións sobre a sedimentoloxía (s.l) foron extremadamente escasas. Por outro lado, esta 
marxe representa unha das marxes españolas menos estudadas, tanto entre as do Mar Mediterráneo 
coma as do Oceano Atlántico.

A marxe continental Cantábrica é unha área importante para a investigación debido ó seu interese 
na explotación de hidrocarburos, e polos cables de telecomunicacións extendidos ó longo del. Non 
obstante, a súa evolución Neóxena e Cuaternaria e os procesos sedimentarios recentes continuan 
moi pouco estudados.

Por todo isto, este traballo representa un importante avance no noso coñecemento sobre a xeoloxía 
desta marxe, e sobre os resultados haberá unha gran e variada aplicabilidade.



O obxectivo principal desta investigación é estudar a sedimentación da Marxe Continental Cantá-
brica dende o Oligoceno Superior ata o Cuaternario. En particular, este estudo persigue os seguin-
tes obxectivos científicos:

- Caracterizar a xeomorfoloxía sedimentaria e os principais ambientes e procesos sedimenta-
rios,

- establecer a arquitectura e a evolución sedimentaria da marxe contiental dende o Oligoceno 
Superior ata o Cuaternario, e

- analizar a interacción entre sedimentación, tectónica, eustasia e oceanografía, e seus produc-
tos sedimentarios resultantes dende o Oligoceno Superior.

O enfoque para acadar estes obxectivos é investigalos nas diferentes provincias fisiográficas da mar-
xe, dunha forma integrada (é dicir, nun sistema plataforma-ascenso), coun conxunto de datos que 
inclúe información acústica e sísmica, obtida con diferentes sistemas que teñen diferentes escalas de 
resolución. O enfoque multi-espacial inclúe prespectivas que van dende a escala rexional á de ducias 
de kilómetros; o enfoque multi-resolución implica o coñecemento da sedimentación ata niveis de 
resolución decimétrica dende un contexto rexional a un contexto mais local. Todas estas aproxima-
cións ofrecen un enfoque multi-temporal que vai dende os milleiros ós centos de años.

O manuscrito dividiuse en 5 capítulos. Empezando co, Capítulo 1 que presenta unha introducción 
xeral temática e unha introducción rexional. A introdución temática versa sobre as marxes conti-
nentais, con especial atención á sedimentación nas marxes pasivas siliciclásticas. A introducción 
rexional trata a xeografía, a xeodinámica, a xeoloxía e a oceanografía do Golfo de Biscaia. Despois 
desta introdución, a tese divídese en catro partes.

A primeira parte, o Capítulo 2, presenta o conxunto de datos usados e os métodos de adquisición e 
procesado. Estes métodos son tamén recordados en cada un dos diferentes capítulos nas súas res-
pectivas introducións.

A segunda parte, o Capítulo 3, define as formas morfo-sedimentarias e determina os procesos sedi-
mentarios recentes que caracterizan ós ambientes sedimentarios dende a plataforma ata o ascenso 
continental.

A terceira parte, que agrupa o Capítulo 4 e Capítulo 5, presenta unha detallada estratigrafía sísmica 
con diferentes graos de resolución, dende o Oligoceno Superior ata o Cuaternario (Capítulo 4), e 
dende o Plioceno Superior ata o Holoceno (Capítulo 5), caracterizando a arquitectura de facies dos 
distintos ambientes sedimentarios da marxe e establecendo as relacións espaciais e temporais que 
hai entre eles. Ademais tamén se caracterizan os distintos estados sedimentarios da súa evolución.

A cuarta parte é presentada polo Capítulo 6, onde é investigada a natureza dos ‘pockforms’ da Plata-
forma de Landes a partir dunha interpretación suxerida pola correlación entre formas sedimenta-
rias, formas estructurais e dinámica de fluídos observadas.

En conclusión, o Capítulo 7, presenta un sumario do novo entendemento e unha integración dos 
resultados, coa intencion de establecer modelos sedimentarios e factores de control.



Síntese

Os principais obxectivos desta investigación foron analizar en detalle a evolución sedimentaria da 
marxe contiental Cantábrica dende o Oligoceno Superior ata o Cuaternario. O Capítulo 3 presen-
tou as formas morfo-sedimentarias e os procesos sedimentarios recentes desta marxe continental. 
Os Capítulos 4 e 5 adicáronse á estratigrafía sísmica e a establecer a evolución sedimentaria con 
diferentes graos de resolución, dende o Oligoceno Superior ata o Cuaternario, e con máis detalle 
dende o Plioceno Superior ata o Holoceno. O Capítulo 6 investigou os ‘pockforms’ e analizou como 
a tectónica, a sedimentación e a dinámica de fluídos controlan a súa xénese. Na síntese resúmense 
os principais resultados dos capítulos previos e intégranse co obxectivo de establecer modelos sedi-
mentarios e factores de control.

Formas morfosedimentarias e procesos sedimentarios recentes
Batimetría multifeixe, rexistros sísmicos de alta (canóns de aire tipo ‘sleeve’) e moi alta resolución 
(sistema paramétrico –TOPAS-) foron empregados para definir as formas sedimentarias e investigar 
os procesos sedimentarios recentes na marxe continental Cantábrica. A plataforma continental ex-
terna (ata os 180–245 m de profundidade) presenta unha superficie do fondo marino erosionada que 
trunca depósitos antigos pregados e fracturados. Os depósitos recentes están presentes só localmente 
en forma de depósitos de borde de plataforma e tapices transparentes sobre os que se desenrolan 
formas de fondo. O talude continental está afectado por diferentes tipos de procesos sedimentarios 
que se combinan para crear as formas morfo-sedimentarias actuais. O talude superior (ata os 2.000 
m de profundidade) e o inferior (ata os 3.700–4.600 m) están suxeitos principalmente a diferentes 
tipos de inestabilidades, como deslizamentos, transportes en masa (unha mestura de deslizamentos 
e fluxos en masa), e correntes de turbidez.  O talude superior está tamén suxeito á acción de corren-
tes de fondo (corrente de saída de auga mediterránea – MOW) que interacciona co Banco de Le 
Danois favorecendo o retraballamento e arrastre de sedimento así coma o esculpido das contornitas 
de Le Danois. O ascenso continental é unha zona de trasvase de fluxos gravitacionais e correntes 
de turbidez, e onde acontece a complexa e interesante zona de transición canal-lóbulo do abano 
turbidítico do Cap Ferret.

Estratigrafía sísmica e evolución sedimentaria dende o Oligoceno Superior ó Cuaternario

Batimetría multifeixe e rexistros sísmicos mono e multi-canle foron empregados para definir en 
detalle unha nova estratigrafía que ofreza unha nova visión da evolución sedimentaria da marxe 
contiental Cantábrica. O rexistro Oligoceno Superior-Cuaternario é relativamente pouco potente 
(de 0 a 2 segundos) e cunha distribución irregular. A nova estratigrafía foi organizada en tres mega-
secuencias sísmicas, A, B, C, limitadas por disconformidades e conformidades correlativas. Cada 
mega-secuencia foi dividida en dúas meso-secuencias sísmicas; meso-secuencias A1 e A2 dentro da 
Mega-secuencia A, meso-sequencias B1 e B2 dentro da Mega-secuencia B, e meso-sequencias C1 e C2 
dentro da Mega-secuencia C. A arquitectura de facies das mega-secuencias é complexa podéndose 
defininir tres ambientes sedimentarios distintos: i) plataforma continental externa, caracterizada 
pola ausencia de depósitos Eoceno-Cuaternarios agás no borde de plataforma e onde aparecen 
localmente cuñas progradantes (depósitos de borde de plataforma), ii) o talude continental, caracte-
rizado por depósitos de talude (depósitos gravitativos de talude sen canalizar intercalados con hemi-
pelaxitas) interrompidos por depósitos de fluxos en masa, canales turbidíticos illados (tipo trenzado 
e tipo canal-dique),  depósitos de desbordamento, e contornitas nos sectores de menor pendente; e 
por cicatrices e depósitos de transporte en masa asociados, e cicatrices e lóbulos deposicionais aso-



ciados nos sectores de máis pendente, e iii) o ascenso continental formado por unha gran variedade 
de facies relacionados con abanos turbidíticos, e en menor medida por facies de cicatrices e lóbulos 
deposicionais asociados e turbiditas distais. 

A integración de facies sísmicas, a arquitectura dos depósitos e a análise da historia xeolóxica foi 
empregada para integrar a evolución sedimentaria desta marxe. A súa evolución foi dividida en tres 
fases principais, cada unha asociada cunha mega-secuencia sísmica. Durante o Oligoceno Superior-
Mioceno Inferior, o levantamento da marxe continental, Pireneos e Cordilleira Cantábrica, xunto 
co clima, contribuíron a unha intensa erosión das áreas continentais e a un enorme aporte de sedi-
mento. A sedimentación ocorre dende descargas directas e procesos de movemento en masa sin-tec-
tónicos, formando depósitos de talude, deslizamentos, cicatrices e depósitos  de transporte en masa 
asociados, canais turbidíticos e cicatrices e lóbulos deposicionais asociados no talude continental e 
tres abanos turbidíticos  no ascenso continental (o de Cap Ferret, o de Capbreton-Santander e o de 
Torrelavega). Entre o Mioceno Inferior e o Mioceno Medio, a pesar de que a actividade tectónica 
continúa na zona continental, a interacción entre  as condicións climáticas rexionais e un alto nivel 
do mar causou a diminución do aporte sedimentario hacia a marxe continental. Neste escenario, o 
sedimento queda atrapado principalmente no talude continental e os abanos turbidíticos profundos 
permanecen desnutridos e pouco desenrolados. Durante o Mioceno Superior e Plio-Cuaternario, 
cando a actividade tectónica cesa tanto nas áreas continentais coma na marxe, o papel xogado polo 
nivel do mar e a oceanografía comezan a ser máis decisivos. As baixadas do nivel do mar e a insta-
lación dos ciclos eustáticos de alta amplitude e alta frecuencia, xunto co inicio da MOW, permitiron 
un cambio  na arquitectura sedimentaria. No talude continental, aumenta a ocorrencia de procesos 
de movementos en masa que localmente son retraballados pola corrente de masa de auga medite-
rranea (MOW) que flúe lonxitudinalmente ó longo do talude construíndo os depósitos contorníticos 
de Le Danois. No ascenso continental, os abanos turbidíticos reciben un maior aporte de sedimento 
que contribuíe a un aumento do seu tamaño.

Estratigrafía sísmica e evolución sedimentaria dende o Plioceno Inferior ó Holoceno
A análise da batimetría multifeixe e de rexistros sísmicos  de ‘sparker’ e TOPAS) permitiu establecer 
unha estratigrafía sísmica de moi alta resolución na parte distal da marxe Cantábrica que abrange o 
período dende o Plioceno Inferior ó Holoceno. Tres secuencias sísmicas, divididas en unidades, sub-
unidades e sub-unidades de orden menor foron definidas nos depósitos de talude, nas contornitas 
e nos depósitos de desbordamento dos canais turbidíticos do talude continental e dos abanos tur-
biditícos do ascenso continental. As divisións estratigráficas  e a análise de facies xunto co encadre 
xeo-histórico, permitiu reconstruír a sedimentación Cuaternaria desta marxe. Esta reconstrución foi 
feita en termos de tipo/actividade dos procesos sedimentarios, e tamén en termos de clima global, 
cambios do nivel do mar e oceanografía local.

As contornitas, que son consecuencia da MOW e a súa interacción co fondo ó longo do talude 
continental, desenrolanse despois da discontinuidade LPR (Revolución do Plioceno Inferior). Den-
de a LPR ata a MPR (Revolución do Pleistoceno Medio), as principais crestas contornitas estaban 
confinadas en dúas paleo-concas dentro de conca intra-talude da Plataforma Marxinal Asturiana. 
Co cambio a unhas condicións totalmente glaciares con 100 ka (kiloanos) de ciclicidade acadado 
despois da MPR, as formas deposicionais e erosivas actuais comezaron a formarse.
Dous períodos principais separados pola MPR establecéronse para os depósitos de talude aberto, 
contornitas e depósitos de desbordamento. Durante o primeiro período, a predominancia de osci-
lacións glacio-eustáticas de 40 ka de frecuencia e baixa amplitude, foron responsables dun talude 
desnutrido e un ambiente de acenso continental con eventuais fuxos gravitativos lamosos de baixa 



densidade e pouco carácter erosivo, así como unha menor actividade da MOW. Durante o segundo 
período, a predominancia de oscilacións glacio-eustáticas de 100 ka de frecuencia e maior amplitu-
de (100-120 m), favoreceron unha abondosa sedimentación caracterizada por fluxos gravitativos de 
alta densidade e alto carácter erosivo que presentan unha clara alternancia de material fino a groso. 
A actividade da MOW ó longo do talude está tamén influenciada polos cambios glacio-eustáticos, 
sendo máis activa durante os períodos glaciares, é dicir, durante as baixadas e niveis baixos do mar.

Pockforms: unha avaliación das formas de fondo con apariencia de ‘pockmark’  da 
Plataforma de Landes
As formas de fondo con apariencia de ‘pockmarks’ localizadas na Plataforma de Landes, Golfo de 
Biscaia, son segundo os datos de ecosonda multifeixe, depresión de entre 1 km de longo e 50 m de 
profundidade. Os perfiles sísmicos (canóns de aire e TOPAS) mostran que cada forma de fondo 
constitúe un apilamento de formas idénticas as cales se extenden ata os 300 ms (milisegundos). Tres 
tipos de depresións, alongadas, irregulares e circulares aparecen coma estructuras en foma de V non 
truncativas  nos sedimentos Plio-Cuaternarios, e só algunhas (circulares) teñen forma de V ou U 
que truncan os reflectores internos. Estas formas están localizadas sobre a antiga Conca de Paren-
tis, onde fallas profundas, crestas de basamento e corpos diapíricos son proxectados hacia arriba a 
través do recubrimento sedimentario, ofrecendo vías de migración ideais para o ascenso de fluídos. 
A orixe destas formas de fondo similares a pockmarks identificadas na Plataforma de Landas é va-
riada.

As investigacións iniciais suxerían que estas estruturas eran clásicos pockmarks; non obstante, a au-
sencia de truncación de reflectores indica que non están formados pola removilización de sedimento 
debida a escape de fluídos. Son ‘pockforms’ pero non ‘pockmarks’. Ademais, a ausencia de indicado-
res de gas somero baixo estas estruturas e incluso en situacións nas cales o gas se podería acumular, 
suxire que non hai mecanismos para a xeneración normal de pockmarks a pesar da súa asociación 
con diapiros e vías de migración. Este capítulo presentaba unha explicación para a formación destas 
estruturas, incluíndo colapsos e subsidencia, erosión sedimentaria, e só nalgúns casos removilización 
do sedimento provocada por escape de fluídos. Estas orixes son en moitos casos  rexidas pola di-
námica de fluídos que é a expresión da compresión Terciaria nesta zona. Esta dinámica de fluídos 
provoca reaxustes nas crestas de basamento e forzamentos diapíricos que teñen lugar ata o Mioceno 
Superior. Cómpre esperar que estas formas sexan reenchidas pola subseguinte sedimentación, pero 
a súa morfoloxía vense mantendo porque, durante o Plio-Cuaternario, a sedimentación  nesta área 
onde as estruturas son preservadas está formada por lamas depositadas dende o transporte de baixa 
enerxía (fluxos turbidíticos diluídos) e decantación dende suspensións hemipeláxicas.   

 



Conclusions: os modelos

Modelo de arquitectura sedimentaria dende o Oligoceno Superior ata o Cuaternario
A nova e detallada estratigrafía da marxe continental Cantábrica dende o Oligoceno Superior ata 
o Cuaternario ofrece unha gran variedade de formas morfolóxicas e depósitos sedimentarios que 
representan elementos arquitectónicos os cales poden ser agrupados en sistemas sedimentarios en 
funcion da relación xenética entre os procesos sedimentarios responsables da súa formación  e dis-
tribución, e da persistencia temporal na arquitectura sedimentaria como un sistema unitario. Os 
novos datos dan información sobre o acoplamento entre elementos arquitectónicos que forman un 
sistema sedimentario e tamén sobre o acoplamento entre distintos sistemas sedimentarios. Estes aco-
plamentos son deducidos da resposta temporal e espacial dos elementos arquitectónicos e sistemas 
sedimentarios fronte a cambios ambientais. 

Cinco sistemas sedimentarios principais caracterizaron a arquitectura sedimentaria da marxe con-
tinental Cantábrica. Estes son: o sistema de plataforma continental, o sistema gravitacional de talude aberto, 
o sistema contornítico de Le Danois, o sistema de canal turbidítico de Le Danois, e os abanos de Cap Ferret, Cap-
breton-Santander e Torrelavega. Segundo as súas facies sísmicas e relacións espaciais e temporais, estes 
sistemas sedimentarios da marxe continental poden ser agrupados en dous dominios sedimentarios 
principais: o dominio proximal e o distal.

O ambiente ou dominio proximal da marxe continental Cantábrica está caracterizado aquí como 
un sistema sedimentario individual, o sistema de plataforma continental. É obvio que en termos xerais, 
a plataforma continental está caracterizada por varios sistemas sedimentarios (cuñas infralitorais, 
prodeltas, sistemas transgresivos, deltas de plataforma…), pero a limitación que este estudo ten en 
canto a datos de plataforma favorece a consideración dun sistema de plataforma único. Aquí, o 
sistema de plataforma continental caracterízase por corpos sedimentarios discontinuos e illados 
que están separados por unha superficie erosiva que pode ser obsevada ó longo de toda a platafor-
ma. Os corpos comprenden depósitos de borde de plataforma de estadíos de baixo nivel do mar e 
tapices de lama de estadíos de alto nivel do mar, os cales respectivamente son truncados a teito ou 
apoianse sobre a continua superficie erosiva. As múltiples regresións Plio-Cuaternarias  espuxeron 
sucesiva e repetidamente a plataforma continental, favorecendo os procesos litorais erosivos durante 
as migracións da líña de costa a través da plataforma, e os procesos subaéreos erosivos durante a 
exposición da mesma. Todos estes procesos foron responsables da superficie erosiva. Os depósitos 
de borde formáronse durante as etapas de baixo nivel do mar acontecidos durante o Pleistoceno 
Superior cando a liña de costa estaba localizada preto do borde de plataforma. Os tapices de lama 
(formado por depósitos transparentes de recubrimento que presentan formas de fondo) representan 
os depósitos modernos de alto nivel do mar que ademais reflicten como as correntes costeiras/de 
plataforma poden redistribuír a escasa sedimentación de plataforma durante esta etapa. O sistema de 
plataforma continental non ten continuidade con aqueles sistemas que se atopan pendente abaixo, no 
dominio ou ambiente distal.

En termos de volume, os depósitos do sistema gravitacional de talude aberto son os máis importantes do 
talude continental cantábrico. Este sistema desenrólase sobre os taludes superiores abertos, o Pro-
montorio de Santander e a Plataforma de Landes, así coma os taludes inferiores abertas e zonas 
adxacentes do ascenso continental. Deslizamentos, cicatrizes e depósitos de transporte en masa aso-
ciados, depósitos de fluxo en masas, depósitos de talude aberto (turbiditas non confinadas areosas e 
lamosas, con hemipelaxitas intercaladas) e cicatrices e depósitos de lóbulo, son os principais elemen-



tos arquitectónicos que compoñen este sistema. A asociación de todos estes depósitos ocorre coma 
un sistema agradacional desenvolvido pola interacción entre os fluxos gravitacionais non confinados 
dende as descargas directas das fontes de sedimento continental e litoral, e dos numerosos procesos 
de inestabilidade gravitacional (slides, depósitos de transporte en masa, e unha gran variedade de 
fluxos, dende os fluxos en masa ás correntes turbiditicas) inducidos polas altas pendentes do talude 
e mais a sobrecarga de  sedimento. A secuencia de crecemento deste sistema está caracterizada 
pola sucesión de dous períodos alternantes: os períodos de crecemento activo e inactivo. Durante os 
períodos activos, esta parte da marxe recibe unha alta entrada de sedimento terríxeno, ocorrendo 
o maior desenrolo do sistema gravitacional de taludes abertos cun sedimento predominantemente 
groso (areoso). Durante os períodos de crecemento inactivo, a marxe recibe unha baixa entrada de 
terríxenos, o desenrolo deste sistema inhíbese, vese limitado ou considerablemente reducido, e os 
depósitos son predominantemente de gran fino (lama). De feito, durante este período, predomina 
a sedimentación hemipeláxica e/ou a formación de seccións condensadas. Esta dualidade no cre-
cimento observáse a dúas escalas diferentes (baseándose na xerarquía estratigráfica), dende o longo 
prazo ata a curto prazo. Aqueles cambios a longo prazo parecen estar relacionadas co tectonismo 
da marxe Cantábrica e/ou co volumen de sedimento subministrado dende as áreas continentais 
que está condicionado pola meteorización da Cordillera Cantábrica e dos Pireneos occidentais e 
polo clima, e modulado por cambios de nivel do mar de 3º orden. Por outro lado, as secuencias de 
crecemento dos cambios a curto prazo parecen estar relacionadas principalmente coas oscilacións 
glacio-eustáticas de menor orde (4 º e 5 º); o crecemento máis activo ocorre durante as etapas de 
baixada e baixo nivel do mar, mentras que o crecemento mantense inactivo durante as etapas de 
subida e alto nivel do mar.

O sistema gravitacional de talude aberto cohabita co sistema contornítico de Le Danois e o sistema de canal tur-
bidítico de Le Danois, ó longo dos diferentes momentos da súa evolución. A configuración estructural 
da Plataforma Marxinal Asturiana permitiu o desenrolo destes dous sistemas de menor escala na 
conca Intra-talude. Aquí, as correntes de fondo paralelas  ó talude asociadas á MOW teñen una 
influencia maior que contribúe á edificación do sistema contornítico de Le Danois. Este sistema está 
caracterizado por formas deposicionais e erosivas. Fórmanse varios crestas contorníticas entre os 
que se distinguen tres tipos: crestas contorníticas confinados, alongadas e adosadas. As ondas sedi-
mentarias ocorren sobre os flancos externos dos crestas contorníticas. As formas erosivas son regos 
contorníticos, marcas de erosión aliñadas, e cicatrices de deslizamentos. Este sistema desenrólase 
dende o Plioceno Inferior, coas crestas contorníticas principais confinados en dúas paleo-concas 
dentro da conca Intra-talude. Ademais, despois do Revolución do Pleistoceno Medio (MPR - 900 
ka), o cambio a un modo ‘full glacial’ de 100 ka de ciclicidade, as formas deposicionais e erosivas 
extendéronse ocupando máis terreo, dende o borde da plataforma continental ata o flanco sur do 
Banco de Le Danois. A alternancia a curto plazo entre períodos de crecemento activo e inactivo 
similares ós que afectan ó Sistema gravitacional de taludes abertos tamén afectan a este sistema con-
tornítico, sendo tamén coincidentes en tempo ós de ese sistema. É dicir, a MOW ten unha influencia 
maior sobre a sedimentación contornítica durante períodos glaciares. O sistema de canal turbidítico de 
Le Danois acontece sobre a parte oriental da conca intra-talude da Plataforma Marxinal Asturiana 
e é resultado da canalización hacia o leste dos fluxos gravitacionais (principalmente correntes de 
turbidez) obrigados a circular ó longo desta conca en forma de val. Este sistema foi activo dende o 
Oligoceno Superior, e pasa a través de tres etapas evolutivas principais, as dúas primeiras cohexistin-
do có Sistema gravitacional de taludes abertos, e na última etapa (concretamente dende o Plioceno 
Inferior) co sistema contornítico de Le Danois. Estes cambios semellan estar relacionados co cambio no 
tipo e volume de aporte de sedimento. Ó principio, este canal turbidítico experimentaba un com-
portamento tipo trenzado con un canal erosivo recto e amplo, depósitos lenticulares (probablemente 
de gran groso) e desembocadura no canón submarino de Torrelavega. Dende o Mioceno Inferior, o 



sistema cambia a  canal turbidítico tipo canal-dique caracterizado por un conducto principal máis 
estreito con diques e depósitos de desbordamento ben desenrolados a ámbolos dous lados do canal. 
Desde o Plioceno este sistema vén sendo a continuación talude abaixo do surco contornítico de Le 
Danois e adopta unha nova traxectoria. O canal presenta en planta forma de arco, desenrola unha 
única área de desbordamento hacia o seu lado dereito, e bordea o Banco ata desembocar no talude 
continental inferior (a parede norte do Banco Le Danois).

A outra parte do talude continental estudiado tamén está dominado por canóns submarinos estruc-
turalmente controlados que se extenden dende a parte externa da plataforma e se inciden profunda-
mente, sobre todo aqueles do sector oriental cantábrico e da marxe francesa. Os fluxos de sedimento 
viaxan canón abaixo, desbordándose por algunhas das suás paredes (como no caso do Capbreton e 
Lastres), e rematan directamente sobre o ascenso continental onde acontecen os seguintes sistemas 
de abanos turbidíticos: o abano de Cap Ferret, o abano de Capbreton-Santander e o abano de Torrelavega. 
Non tódolos abanos se formaron ó mesmo tempo; os abanos de Capbreton-Santander e de  Torrelavega 
comenzáronse a formar a lo menos dende o Oligoceno Superior, mentres que o de Cap Ferret duran-
te o Mioceno Inferior. En tódolos abanos desenroláronse canais-dique distributarios que comezan 
normalmente nas desembocaduras dos canóns. Estes canais, todos xuntos, constitúen un sistema 
de drenaxe complexa que atravesa o ascenso continental ata a Chaira Abisal de Biscaia onde se 
acomodaron os depósitos de lóbulo distal, apilándose de forma individual, parcial ou totalmente 
superposta (Crémer, 1983; Faugères et al., 1998). Unha zona de transición canal-lóbulo tamén se ten 
desenrolado. As distribucións espaciais e temporais dos depósitos turbidíticos que constitúen a estra-
tigrafía dende o Oligoceno Superior ó Cuaternario implican que o desenvolvemento destes abanos 
pasou por moitas e  significativas recolocacions laterais e longitudinais das principais canles de trans-
porte. Os cambios laterais probablemente foron resultado de cambios topográficos do fondo marino 
e avulsións dende os canais. Os cambios longitudinais foron retrogradacións e progradacións (de 
decenas de kms) dos depósitos turbidíticos que son resultado da interacción entre o recheo gradual 
do ascenso continental e chaira abisal, e as variacións no volume dos aportes de sedimento dende o 
continente, relacionados coa meteorización da Cordilleira Cantábrica e os Pireneos occidentais e co 
clima. As reubicacións das principais vías de canalización determinan dous tipos básicos de abanos 
turbidíticos en función dos puntos de entrada do sedimento: un único abano moi desenrolado con 
múltiples puntos de alimentación,  ou un sistema de abanos individuais alimentados por cadanseu 
único punto de entrada de sedimento. A natureza do sedimento subministrado tamén condiciona as 
características dos abanos e dos seus elementos arquitectónicos. Neste senso dous tipos de abanos, os 
lamosos e os areosos (acordes ós do modelo de Richards et al., 1998), tamén se alternan neste sistema 
do ascenso continental cantábrico.

O estudo da sedimentación de todos estes sistemas indica que a marxe continental Cantábrica é 
unha marxe cuxa evolución sedimentaria a longo plazo foi condicionada pola dinámica Alpina do 
Golfo de Biscaia. O estudo de detalle da súa sedimentación recente tamén permite a proposta de 
que a marxe Cantábrica sexa unha área libre de tectonismo recente, excepto en dous sectores onde 
a deformación dos depósitos Plio-Cuaternarios suxire un certo neotectonismo localizado. Estas zo-
nas son: i) a parte NW da Plataforma de Landes onde certos elementos estructurais afectan os de-
pósitos do Sistema gravitacional de taludes abertos, e ii) a conca intratalude da Plataforma marxinal 
Asturiana onde algúns elementos estructurais afectan ós depósitos do sistema contornítico de Le Danois. 
En ámbolos dous lugares a actividade tectónica Plio-cuaternaria ten presuntamente a mesma orixe, 
a dinámica de fluídos que actúa directamente, dende a inxección de corpos diapíricos, ou ben indi-
rectamente, pola reactivación de estructuras tectónicas antigas. Esta actividade provocou a forma-
ción de diapiros pero tamen fallas, pregamentos, colapsos, pokforms, e depósitos de fluxos en masa 
asociados. Por outra banda o estudo de sistemas a unha escala máis detallada permitíu a definición 



dun novo elemento, o ‘pockforms’ cuxa orixe é variada, implicando derrubamento e afundimento, 
erosión sedimentaria, e só nalgúns casos removilización de sedimentos debido a un probable escape 
de fluídos.

Aproximacions “source to sink” – un modelo sedimentario dinámico
Este estudo ofreceu un coñecemento detallado sobre as rutas de sedimento que teñen lugar en tóda-
los rincóns da marxe continental Cantábrica. Isto proporciona interconexións significativas do tipo 
‘source-to-sink’ (fonte-a-sumidoiro) entre os ambientes de marxe proximal e marxe distal, e tamén coas 
áreas fonte continentais (sobre todo a Cordilliera Cantábrica e os Pireneos occidentais).

A marxe continental Cantábrica mostra un modelo arquitectónico complexo que é o resultado da 
interacción dos elementos principais que definen a configuración morfo-structural e as provincias 
fisiográficas do golfo de Biscaia coa gran variabilidade de sistemas sedimentarios interconectados. 
A literatura, basándose en criterios morfolóxicos, clasifica esta marxe continental Cantábrica como 
unha marxe profunda e escarpada (Grady et al., 2000). A figura 7.1 mostra como o perfil deposicio-
nal enteiro dende a fonte (a Cordillera Cantábrica e os Pireneos occidentais) ó sumidoiro (o ascenso 
continental e a Llanura Abisal de Biscaia) se extende dende os 3.400 m de altura en terra ata aproxi-
madamente 4.500 m de profundidade de agua nunha distancia transversal relativamente curta de 
aproximadamente 150 kms. Noutras palabras, hay un salto duns 7,9 kilómetros en 150 kms, e polo 
tanto unha pendente relativamente forte (aproximadamente dun 5 %). As figuras 1.16 e 7.1 mos-
tran esta brusquedade pero tamén as múltiples variacións morfolóxicas do talude continental. Estas 
irregularidades non só están relacionadas cos rasgos fisiográficos/morfolóxicos creados segundo o 
patrón estructural, tamén pola presenza dunha gran variedade de complexos  sistemas deposicionais 
cuxa natureza, ubicación e xeometría tamén está condicionada por ese patrón.

Os elementos morfolóxicos e sedimentológicos que configuran a marxe contiental Cantábrica son 
claves para caracterizar o modelo sedimentario dinámico. Os elementos que poderían ser conside-
rados como importante son os siguientes:

i) Na plataforma continental: unha estratigrafía truncada practicamente en toda a plataforma. 
Esta plataforma truncada indica unha carencia de sedimentos recentes porque a erosión 
chega ata os depósitos Cretácicos e Miocenos.

ii) No talude continental: 1) canóns cun alto grao de incisión, e 2) unha gran variedade de de-
pósitos que compoñen o sistema gravitacional de talude, e localmente contouritas e canais 
turbidíticos. Aproximadamente o 65 % do talude superior está canibalizado por canóns 
submarinos, mentras que o 35 % do talude. Este está afectado sobre todo por depósitos 
de movementos en masas, canóns submarinos de pequena escala, e contornitas. A acción 
da MOW ó longo do talude, localmete complica o efecto dos movementos en masa talude 
abaixo, e adapta e redistribúe o sedimento inestable para construír un sistema contorní-
tico (crestas contorníticas elongadas e adosadas) ó pe do estructural Banco de Le Danois. 
O 100 % do talude inferior tamén estan afectados por unha gran variedade de depósitos 
de movementos en masas (deslizamentos, depósitos de transporte en masa, depósitos de 
fluxos gravitativos) relacionado coa inestabilidade sedimentaria desta provincia fisiográ-
fica.

iii) No ascenso continental: construción dos abanos turbidíticos (de Torrelavega, de Capbre-
ton-Santander, e de Cap Ferret). Os grandes canóns submarinos (Cap Ferret, Capbreton, 
Santander, Torrelavega, Lastres, e Llanes) e a súa intensa inestabilidade sedimentaria ca-
nalizan os sedimentos que veñen da zona continental e da erosión da plataforma cara as 



áreas máis profundas onde se desenrolan aqueles abanos nos cales múltiples depósitos 
morfo-sedimentarios (canales, diques e depósitos de desbordamento, ondas de sedimento, 
depósitos de fluxo de derrubas, turbiditas distais, marcas erosivas da zona de transición 
canal-lóbulo) e formas morfo-tectónicas (a montaña de Landes e o alto de Jovellanos) 
interactúan. Este estudo acentúa que os movementos en masa (principalmente fluxos de 
derrubas e correntes de turbidez) tamén xogan un papel importante na formación e de-
pendencia da parte distal de esta marxe continental.

Como se mencionou anteriormente, a estratigrafía truncada da plataforma continental e o restante 
patrón estructural suxiren que dende un punto de vista sedimentolóxico a marxe contiental Can-
tábrica pode ser considerada como unha marxe desnutrida. Este carácter de desnutrición non está 
relacionado cunha baixa entrada de sedimento, senón coa gran evacuación a través dun importante 
sistema de drenaxe formado por grandes vales e canóns submarinos e procesos de inestabilidades 
sedimentarias. Nuha escala temporal longa, a meteorización e a erosión da Cordilleira Cantábrica 
e os Pireneos occidentais (a fonte) dende a súa formación durante a Oroxenia Alpina, debe ter con-
tribuído con grandes volumes de sedimento. Este sedimento terá sido transportado ata o mar por 
pequenos torrentes/ríos de montaña. Milliman e Sivistky (1992) dan bos exemplos do comporta-
mento de correntes fluviais deste tipo e da súa gran capacidade para transportar grandes volumes 
de sedimento. O sedimento atravesa a plataforma continental e cando chega ó talude é transportado 
por un importante sistema de drenaxe submarina (grandes vales e canóns submarinos e procesos de 
movemento en masas) ata o ascenso contiental (o sumidoiro). As altas pendentes da zona continental 
evolucionan para acoplárse ás altas pendentes da marxe continental. Esta pendente favoreceu a 
evacuación do sedimento que alcanza o mar, a través dos grandes cañons, sedimento que vai sendo 
transportado pouco a pouco por unha gran variedade de procesos de movementos en masa cara as 
suaves pendentes do ascenso contiental. Esta dispersión transversal foi interrumpida pola dispersión 
de sedimento lonxitudinal na conca intra-talude, cando a MOW interactúa co Banco Le Danois. 
O ascenso continental forma a área depositional (sumidoiro) da Cordilleira Cantábrica e os Pireneos 
occidentais (fonte) coa edificación de abanos, pero tamén como area de trasvase sedimentario de 
debritas e turbiditas que viaxan cara á Chaira Abisal de Biscaia. Neste sentido, a pendiente hacia 
o oeste do fondo marino (actualmente <0,3 º a <0,008 º) terá favorecido o modelo de dispersión 
transversal dos sedimentos depositados e a circulación dos fluxos.   

Este modelo depositional que inclúe a identificación das principais vías de sedimento dende a pla-
taforma ata o ascenso continental será importante para un mellor entendemento do rexistro sedi-
mentario máis antigo e para as reconstrucións paleo-climáticas da rexión, tanto en terra como na 
marxe continental, e tamén para reconstrucións paleo-oceanograficas así como predecir a presenza 
de depósito de hidrocarburo. Da mesma maneira, os resultados obtidos neste estudo da definición 
e análise dos rasgos morfo-sedimentarios son de gran interese dende un punto de vista de xeoloxíca 
aplicada. Hai unha gran variedade de información sobre pendentes e gradientes, abruptas roturas 
de talude, tipos de inestabilidades, oceanografía, canais de sedimento, montañas submarinas, tipos 
de fondo e de material do subsolo (consolidado, semiconsolidado, ou non consolidado), que exten-
samente poden ser usado en estudos medioambientais e de avaliación xeolóxica.

Sedimentación, tectonismo, eustasia e oceanografía
A  marxe continental Cantábrica é unha boa área para analizar a pegada sedimentaria exercida 
polo tectonismo, a eustasia, e pola oceanografía, así como as súas relacions directas con fontes de 
sedimento e a súa fisiografía. Tanto o dominio submarino coma o continental estiveron afectados 
por un tectonismo rexional activo (durante o Oligoceno e o Mioceno Inferior), cuxa actividade des-



apareceu primeiro na zona submarina e logo na continental (entre o Mioceno Inferior e Superior) 
ata chegar a un período de ausencia de actividade case total (Mioceno Superior a Plio-Cuaternario). 
De feito, estes tres principais episodios tectónicos condicionaron as tres mega-secuencias e a división 
a longo prazo da evolución sedimentaria en tres etapas. Pero, durante estes tres episodios tectóni-
cos principais, a marxe continental Cantábrica foi afectada por variacións eustáticas globais e por 
variacións rexionais no aporte de sedimento e na oceanografía. A interacción entre estes factores 
condicionou os cambios ambientais reflectidos nas divisións estratigráficas a escala de meso-secuen-
cias. Isto é así porque estes cambios están asociados á maior ou menor presenza de movementos 
en masas, reubicacións dos sistemas sedimentarios, cambios do modelo deposicional dos abanos 
turbidíticos, e o inicio do sistema contornítico,  todos eles asociados a cambios ambientais en termos 
de tectónica, de aporte de sedimento, eustatismo e variacións na circulación da MOW. Ademais, a 
importancia relativa destes factores e o papel que eles xogan na sedimentación cambiou co tempo, 
dende o Oligoceno Superior ó Cuaternario.

Estes cambios xeo-ambientais que son de menor escala que aqueles producidos pola tectónica Alpi-
na, controlan a arquitectura das marxes continentais e seguen diversos patróns na marxen continen-
tal Cantábrica. A pesar de que a tectónica introduciu algún cambio fisiográfico, a fisiografía xeral da 
marxe Cantábrica mantívose constante durante todo o período estudado. Na área de estudo, un dos 
mellores dominios fisiográficos para analizar os factores de control é o ascenso continental porque, 
alomenos durante o período de estudo, tanto a plataforma como o talude representan unha zona de 
trasvase para a maior parte do sedimento que vén do continente. De feito, os depósitos Cretácicos 
afloran en moitas zonas da plataforma e talude continental, e as áreas con sedimentación están 
caracterizadas sobre todo polos elementos arquitectónicos que reflicten unha continua transferen-
cia de sedimento como poden ser os canóns, canais, movementos en masa e depósitos asociados, 
localmente modificados por correntes oceánicas lonxitudinais, principalmente despois do Mioceno 
Superior (Messiniense), cando os sistema contornítico comezou a ser edificado na Plataforma Mar-
xinal Asturiana.  En cambio, o ascenso continental e a chaira abisal representan a zona de sumideiro 
da sedimentación, e unha área estupenda para analizalos productos sedimentarios resultado da 
interacción entre os factores de control tanto globais como locais, dende o Oligoceno Superior ata o 
Cuaternario. Con este análise é posible definir cinco escenarios diferentes que combinan sedimen-
tación e erosión con tectónica, cambios do nivel do mar, aportes de sedimento e oceanografía. Estes 
son os seguintes:

- escenario 1; levantamento importante (no continente e na marxe), nivel do mar global baixo 
nun contexto xeral de subida (de 2º orden) e altos aportes de sedimento. Este escenario é 
o encadre da Mega-secuencia C (meso-secuencia C2 e C1) que se extende dende o Oligoceno 
Superior á primeira metade do Mioceno Inferior,

- escenario 2; levantamento moderado (no continente) e ausencia de actividade tectónica na 
marxe (agás certa dinámica de fluídos que actúa localmente no talude), nivel do mar 
global alto nun contexto xeral de subida (de 3º orde) e baixos aportes de sedimento. Este 
escenario é o encadre da Mega-secuencia B, concretamente da Meso-secuencia B2 que ten 
lugar durante a segunda metade do Mioceno Inferior,

- escenario 3; levantamento moderado (no continente), e ausencia de actividade tectónica na 
marxe (agás a dinámica de fluídos local e certa subsidencia no ascenso continental), nivel 
do mar global alto nun contexto xeral de baixada (de 3º orde) e baixos aportes de sedi-
mento. Este escenario é o encadre da Mega-secuencia B, concretamente da Meso-secuencia B1 
que ten lugar durante o Mioceno Medio,

- escenario 4; ausencia xeral de actividade tectónica (agás a dinámica de fluídos local e algo de 
subsidencia), nivel do mar global baixo nun contexto xeral de subida (de 3º orde) e altos 
aportes de sedimento. Este escenario é o encadre de parte da Mega-secuencia A, concreta-



mente da Meso-secuencia A2 que ten lugar durante o Mioceno Superior, e
- escenario 5; ausencia xeral de actividade tectónica, instalación dos ciclos eustáticos de alta fre-

cuencia (de 4º e 5º orden), altos aportes de sedimento e presenza da MOW. Este escenario 
é o encadre de parte da Mega-secuencia A, concretamente da Meso-secuencia A1 que ten lugar 
durante o Plio-Cuaternario.

A través da análisie detallada destes escenarios e dos corpos sedimentarios que resultan, especial-
mente dos abanos turbidíticos, suxírese que os cambios globais do nivel do mar xogaron un papel de 
menor importancia na arquitectura e  productos sedimentarios, así coma na súa evolución a longo 
prazo (polo menos durante os tres primeros escenarios, cando a actividade tectónica e mailo aporte 
de sedimento desempeñaron un papel máis importante); isto xustifica a idea de que os cambios de 
nivel do mar inflúen no aporte de sedimento, que será máis alto durante as etapas de baixada (regre-
sivas) e de nivel baixo, mentres que durante as etapas transgresivas e de alto nivel do mar o aporte 
será moito máis baixo. A análise rexional e a nivel de conca apunta que os períodos que presentan 
un crecemento maior ou menor dos sistemas de abano turbidítico parecen ser absolutamente inde-
pendentes da posición do nivel do mar posto que, por exemplo, durante o escenario 3 e o escenario 1 o 
crecemento destes abanos é baixo. Así mesmo, esta asunción tamén falla no senso de que as veces 
a sedimentación é mais alta nalgúns escenarios con ascensos do nivel do mar (escenarios 1 e 4) que 
noutros nos que acontecen descensos (escenario 3). Propoñemos que a abrupta fisiografía desta marxe 
fai que o efecto do nivel do mar desempeñase un papel de menor importancia. A pegada eustática é 
unicamente rexistrada no cambio entre os escenarios que está representado sempre por superficies 
erosivas de 2º e 3º orde que si están relacionadas cos cambios globais do nivel do mar, concretamen-
te baixadas ou caídas rápidas.

A tectónica rexional é de vez en cando o principal conductor que controla o tipo e o volume de 
aporte de sedimento, pero non a única, o clima e o nivel do mar tamén están implicados. O acopla-
mento directo entre a tectónica e o aporte de sedimento ocorre no escenario 1, cando a Cordilleira 
Cantábrica e os Pireneos estanse a levantar, fórmanse os montes submarinos, e unha forte erosión 
nos canóns submarinos (cuxa ubicación está tectónicamente controlada) fai que se incídan pro-
fundamente fendendo a marxe incluso ata o borde da plataforma continental. O levantamento de 
terreos ten como resultado un importante aumento do sedimento que chega ás áreas profundas, 
formando os abanos de gran groso (durante a Meso-secuencia C2) que evolucionan co tempo a abanos 
de gran fino (durante a Meso-secuencia C1). O acoplamento directo entre a tectónica e o aporte de 
sedimento también se observa na marxe continental francesa (a marxe de Aquitania), onde o subsi-
dencia da Conca de Parentis e do Graven do Cap Ferret inhibe o desenrolo do abano turbidítico do 
Cap Ferret. A ausencia deste acoplamento entre tectónica e aporte de sedimento ocurreu durante os 
escenarios 2 e 3, nos cales – a pesar de que a actividade tectónica continúa en terra e localmente no ta-
lude continental, pola dinámica de fluídos) – ocorre una disminución importante da sedimentación 
na marxe continental. Nestes escenarios os aportes de sedimento parecen ser tamén independentes 
da posición global do nivel do mar, polo que pode ser deducido un certo control/influencia do clima 
rexional nas áreas fonte. Os escenarios 2 e 3 ocorren durante a segunta metade do Mioceno Inferior 
e durante o Mioceno Medio (de 20 a 10 Ma), e os estudos paleo-climáticos das concas sedimenta-
rias da cornisa Cantábrica suxiren que este período caracterizouse por unha humidade moi baixa, 
indicando unha marcada aridez que favoreceu unha disminución importante da meteorización das 
zonas continentais (Barrón et al., 1996; Benito-Calvo e Pérez-González, 2007). Ningún acoplamento 
entre a tectónica, o clima e o aporte de sedimento parece ocurrer durante os escenarios 4 e 5, cuxo 
rexistro sedimentario mostra outra vez un aumento da sedimentación a pesar do inexistente tecto-
nismo e da ocorrencia de numerosas etapas glaciais-interglaciais.



Cando a tectónica rexional cesa tanto nas áreas continentais coma na marxe continental, o papel 
xogado polo nivel do mar e pola oceanografía comeza a ser recoñecido na arquitectura sedimen-
taria da marxe. Co baixo nivel do mar alcanzado ó principio do escenario 4, foi posible acceder ó 
sedimento acumulado na plataforma continental durante os dous escenarios anteriores; o sedimento 
exposto volve a ser retraballado e erosionado favorecendo un aumento dos aportes de sedimento 
hacia os abanos turbidíticos profundos. O inicio da MOW, e a chegada dos ciclos de nivel do mar 
de alta amplitude e alta frecuencia que caracterizan o escenario 5, supón un cambio importante na 
marxe. Durante este tempo, a caída do nivel do mar chega repetidas veces preto do borde da plata-
forma, e a maior parte do tempo o nivel do mar encóntrase en regresión (preto do 60% do tempo 
- Chiocci et al., 1997-), e a plataforma é castigada por erosións subaereas e submarinas. Por outra 
banda, as variacións glacio-eustáticas son un factor de control principal da dinámica da MOW e 
ambos factores lideran as variacións do volume de aporte de sedimento, a dispersión do sedimento, 
da recolocación dos sistemas turbidíticos e da sedimentación contornítica. Estes dous factores axu-
dan a explicar o aumento da sedimentación xunto coas condicións climáticas favorables para unha 
alta meteorización en terra.
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Chapter 1. Introduction
1.1. Geology of  continental margins
The continental margins represent the transition between continents and oceans, and are the areas 
with major sediment accumulation on Earth. Their sediments contain high-resolution registers of  
the factors that control their evolution, such as climatic changes, sea-level fluctuations, tectonic chan-
ges, sub-aerial processes, transportation, oceans hydrodynamics and productivity (Kennett, 1982). 

Continental margins are subjected to environmental hazards, such as earthquakes, tsunamis, lands-
lide and floods, among others. These zones contain important resources, such as hydrocarbons, 
subterranean bottom waters, fishing and marine algae, humid coastal zones, and constitute potential 
fields for agriculture. Due to that, many urban nucleus are located close to these continental mar-
gins, since they result areas of  great geological interest for society.

1.1.1. General physiography

Three physiographic provinces can be defined in the continental margins. These are the continental 
shelf, the continental slope and the continental rise, which is directly joined to the proximal basin/
abyssal plain (Fig. 1.1).

Figure 1.1: The main physiographic provinces of  the continental margins (Encyclopaedia Britannica, 2006).
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1.1. Geology of  continental margins

- The continental shelf occurs as a rim around continents. It extends from the coasts to slope 
environments (Fig. 1.1), varying in width from almost zero to more than 1,500 km, with a 
worldwide average of  about 80 km (Johnson & Baldwin, 1996). This environment is cha-
racterised by water depths less than 200 m and gentle gradients (1º- 0.1º).

- The continental slope is an immense drop-off that begins at the seaward edge of  the continental 
shelf  (Fig. 1.1). The break point between the shelf  and slope is sometimes known as the 
continental shelf-break or shelf-edge. Average slope of  continental slopes is about 2° to 4°, but 
some areas are actually some of  the most dramatic cliffs on the face of  Earth (with gra-
dients up to 25º) (Pratson & Haxby, 1996; Stow et al., 1996). They may drop from a depth 
of  200 m to more than 3,000 m over a distance of  100 km (Kennet, 1981). This steepness 
commonly appears as an irregular slope with walls of  different slope gradients, intra-slope 
basins, marginal plateaus, and submarine canyons. Submarine canyons are among the most 
easily recognisable and better studied features of  continental margins. They are characteri-
sed by a V-shape and/or U-shaped cross section with steep walls crossed by minor tributary 
canyons and gullies, and by a straight to sinuous main erosive talweg (Figs. 1.1 and 1.2). 
Canyons begin on the continental shelf  and upper domain of  the slope, commonly off 
the mouth of  large rivers, and normally branch out towards the coastline. Others may be 
deflected along structural boundaries and present irregular pathways. They act as conduits 
for the water and sediment transfer from the shelf, sometimes directly feeding from a river 
mouth. The presence of  canyons controls the formation and position of  deep submarine 
systems, due to their evolution from channels into fan systems.

- The continental rise begins at the foot of  the slope where seafloor gradients change drastically 
(Fig. 1.1). It is a wide (100-1,000 km width) area where the main part of  the sediment 
transported from continents to oceans is accumulated. It represents the 14% of  the world’s 
ocean floor and 25% of  the Atlantic Ocean (Pratson & Haxby, 1996). The upper surfaces 
of  rises gently slope oceanward and passes gradually into the deep, flat basin/abyssal plain 
(Fig. 1.1). They occur at depths of  over 3,000 m water depth and are the flattest, most 
featureless areas on Earth, representing approximately 40% of  the planet’s ocean floor 
(Heezen & Hollister, 1971; Kennet, 1981; Stow et al., 1996).

Figure 1.2: The Monterrey Submarine Canyon. The main talweg, tributary canyons and gullies eroding the walls can 
be observed (http://www.literacyworks.org/ocean/plankton/images/mbaymap_lg.jpg).
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1.1.2. Sedimentary processes

Sediment is primarily supplied to the oceans from hinterland areas. Rivers play a major role, since 
they act as transport agents of  sediment produced in the catchment area and delivered into the 
sea. Additionally, sediment comes from the erosion of  coastal cliffs, within the wind, from biogenic 
activity and authigenic one (Stow et al., 1996). The continental sediment supplied can be delivered 
by a variety of  alluvial systems, i.e., estuaries, delta tributaries, point-sourced alluvial fans, multiple 
braid plains and scree cones. The nature and volume of  sediment are primarily determined by the 
catchment area, its size, relief, tectonics, climate, vegetation and the character of  its bedrock and 
surficial deposits (Stow et al., 1996; Allen & Allen, 2005).

Apart from mud, terrigenous sediments do not easily pass out on to the shelf. This is due to a littoral 
energy fence at the shoreline where shoaling and breaking waves have the potential to move more 
sediment landward than seaward (Allen, 1970). Nevertheless, this fence can be broken or bypassed, 
causing the sediment to escape out into the shelf  through deltas, estuaries’ mouths (due to the en-
hancement of  tidal currents in those areas), shoreface bypassing (due to the oceanic currents) and 
submarine canyons. Other processes capable of  eroding, transporting and depositing sediment in 
continental margins are: hemipelagic settling, mass-movements and contouritic (Fig. 1.3). 

Hemipelagic sedimentation can present two fractions of  sediment: allochtonous and autochthonous 
(Jenkyns, 1978; Nichols, 2009). The allochtonous fraction includes the sediment coming mainly 
from continents through the suspended load of  rivers, where the effluent extends as a plume into the 
marine basin, but it also contains aeolian dust and volcaniclastic material. The autochthonous one 
comprises biogenic particles produced by organisms that live in the water column.

Mass-movement processes refer to those movements which disturb the stability of  previous deposits 
and depend on the component of  gravity acting upon the material stored on or moving down a slo-
pe. These processes require some form of  trigger to start the mixture of  sediment and water moving 
under gravity. Such a trigger may be provided by earthquakes, the impact of  storm’s waves on the 
shelf, or by the accumulation of  sediment in shelf-edges reaching the point where it becomes unsta-
ble (Nardin et al., 1979; Masson et al., 1996). Gravitative processes are the main processes responsi-
ble whereby large volumes of  sediment are transported into deep water (Stow et al., 1996; Kennet, 
1981). They comprise a complex suite, much of  it a continuum, between the rock fall and creep to 
turbidity currents (Mulder & Cochonat, 1996). The most common are sliding, debris flows and tur-
bidity currents. Sliding can occur in a wide range of  scales and displacements (Masson et al., 1996; 
Casas, 2005). It is also particularly important since it is thought to be on the initial stages of  some 
downslope gravity flows. Debris flows (in the same way as grain flows) can be quite mobile, even in 
slopes as low as 0.1º, and they can imply a sediment transportation of  as much as 700 km on the 
continental slope and rise (Nardin et al., 1979). Turbidity currents are the most diluted gravity flows. 
Therefore, they are powerful and can contain a vast amount of  material, something which turns 
these currents into the major agent of  terrigenous material’s transportation from shallow water to 
deep-ocean basins. In fact, transportations of  up to 1,000 km distance have been reported in the 
literature (Masson et al., 1996). Sediment of  the continental margin’s floor can also be subjected to 
reworking by bottom currents (i.e. contouritic processes), which are the deep-water expression of  
oceanic thermohaline circulation. These deep currents generate a suite of  bedforms ranging from 
small current ripples to large sediment waves or dunes, being able to redeposit sediment in the form 
of  constructional ridges parallel to the current’s flow (Stow et al., 2002; Rebesco, 2005).
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1.1.3. Sedimentary systems on modern clastic continental margins 

Due to the fact that continental margins constitute sediment-dispersal systems where the existing 
processes can be very diverse, the resultant sedimentary deposits will present a wide variability. For 
the past 50 years, scientific interest around continental margins has exponentially increased, mainly 
due to the advance in acoustic and seismic techniques, but also motivated for the need of  explora-
tion in the field of  hydrocarbons. Although the sedimentary processes and deposits are commonly 
studied as single units, a real interrelation among these processes has been observed, thus demons-
trating that such individual deposits belong to major sedimentary units, called sedimentary systems. 
In order to study the sedimentary systems and deposits, the continental margin is traditionally di-
vided into two major areas, which are defined on the basis of  stratigraphic architecture together 
with its response to most sedimentary processes, as well as to climate, sea level, tectonic history and 
oceanography. These two major areas are the proximal continental margin and the distal continental margin 
(Kennet, 1981; Johnson & Baldwin, 1996; Stow et al., 1996). In the following paragraphs these two 
areas will be analysed, focusing on its morpho-sedimentary elements and sedimentary systems.

1.1.3.1. The proximal continental margin.
The proximal continental margin use to include the infralitoral domain and the continental shelf. 
Sediment is supplied from major continental drainage systems and is influenced by a number of  
processes such as tides, waves, storm-generated currents and oceanic currents and sea-level changes, 
due to the coastline’s landward and seaward movement under this province during sea-level fluc-
tuations (Johnson & Baldwin, 1996). The main sedimentary bodies characterising the continental 
margin have been broadly described and analysed in the literature.

Figure 1.3: Process’s continuum of  the main transport and depositional processes and deposits in the deep sea (Stow et 
al., 1996).

1.1. Geology of  continental margins
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Regressive progradational deposits (shelf-margin deltas and seaward downlapping regressive deposits) are deposits 
of  high lateral continuity characterised by oblique and sigmoidal stratified facies, with a tabular 
geometry in longitudinal section and a wedge-shaped one in cross section (Fig. 1.4A and 1.4B) (Suter 
& Berryhill, 1985; Gensous et al., 1986; Matteucci & Hine, 1987; Dahlen et al., 1990; Trincardi & 
Field, 1991; Tesson et al., 1993; Sydow & Roberts, 1994; Chiocci et al., 1997). Their basal and top 
boundaries are discontinuity surfaces that result from the subaerial and shallow waters’ erosion du-
ring the seaward displacement of  the coastline during sea-level regression. Present-day studies, be-
sides refining these deposits’ cartography, try to determine climatic changes in different time-scales 
(Postma, 2001), catastrophic events (river inundations, etc..), Milankovicht (hundreds of  kilo-years) 
related oscillations, and geologic scales (million-years).

Figure 1.4: Regresive progradational deposits. A) Shelf-margin deltas in the Gulf  of  Cadiz (Lobo et al. 2004); and B) 
seaward downlapping regressive deposits in the northern Catalonia (Ercilla et al., 1994b).

Prodeltas are another progradational deposit of  the proximal continental margins (Fig. 1.5A) that 
form during highstand stages of  sea-level. They represent the seaward progradation of  deltas, where 
mainly mud and fine silt are deposited through suspension so as to form well-laminated sediments 
that reflect the fluctuations in river activity, sediment supply, hydrodynamics and seafloor morpholo-
gy (Nittrouer et al., 1986; Trincardi & Normark, 1988; Díaz et al., 1996; Hart et al., 1998; Fernandez-
Salas et al., 2003; among others). The fine load of  rivers (or buoyant plumes) can be also transported 
along shelf  currents and deposit forming mud-blanket bodies. These bodies are fine-grained sheet-like 
deposits that cover vast areas of  shelves (Bong-Chool, 1989; Ridente & Trincardi, 2005; Lantzsch et 
al., 2009; among others ) (Fig. 1.5B). Current investigations also focus on characterising the sediment 
accumulation in different scales, from millennial or centenarian to catastrophic events.

Transgressive bodies are other depositional elements that characterise modern shelves. They result 
from the transgressive dynamics along the shelf  during sea-level rises and are made up of  the se-
diment eroded during the flooding and deposited seaward over the transgressive surface (Brunn, 
1962). They display a retrogradational character and landward onlaping (Fig. 1.6). Their develop-
ment depends on the existence of  enough sediment supply in order to fill the accommodation space 
(Van Wagoner et al., 1988; Boyd et al., 1989) and/or the subsidence rate (Bourgeois, 1980; Penland 
et al., 1988). When there is not enough sediment supply, the proximal continental margins will con-
sequently either lack transgressive bodies or they will present a poor development (Swift et al., 1972; 
Pilkey et al., 1981; Trincardi et al., 1994; Nodder, 1995). Recent studies have mainly focused on esta-
blishing the different pulsations of  the Quaternary transgressions in order to infer climatic-eustatic 
changes of  higher order, in a millennial to centenarian scale.
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Figure 1.5: A) The Guadalquivir Prodelta and its internal strata pattern (Fernández-Salas et al., 2003); and B) a mud-
blanket body developed on the Galician shelf  (Lantzsch et al.,2009)

Figure 1.6: Transgressive bodies (TST) developed between the highstand (HST) and regressive (FSST) units in the 
Adriatic shelf  (Ridente &Trincardi, 2002)

1.1. Geology of  continental margins
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1.1.3.2.The distal continental margin 
Distal continental margins comprise the physiographic provinces of  the continental slope and rise, 
although the abyssal plain may also be included (Stow et al., 1996). It is important to include the 
sediments of  the abyssal plain/basin as a part of  the continental margin, since plains are mostly 
formed by sediment stemming from the margin (Wynn, 2000). Frequently, the continental slope is a 
bypass area characterised by an intense transportation of  sediment toward the rise, where high sedi-
ment accumulation occurs. This transportation takes place mainly by direct supply during lowstand 
stages and also by re-sedimentational gravitational processes linked to the steep gradients of  this 
domain. In this transference towards the deeper area, submarine canyons play a key role since they 
act as major conduits of  terrigenous sediment captured either by direct connection to the mouth 
of  rivers, or by along-shelf  transportation to the canyon heads. They also channelise mass-wasting 
produced in the continental slope. Thus, sediment reaching the continental rises comes mostly from 
gravitative flows running along the canyons and directly from instabilities on open slopes (Stow et 
al., 1996). Sediment can also be accumulated on continental slopes and rises due to the action of  
bottom currents (Stow et al., 2002). Likewise, hemipelagic settling occurs in these provinces. The 
percentage of  hemipelagites increases seaward at the same time that sediment supply decreases due 
to the mass-wasting of  the continental margins.

The main sedimentary bodies making up the clastic distal continental margins are mass-movement 
deposits, fans, slope aprons, contourites and hemipelagites. Mass-movement deposits involve different 
types of  unstable deposits, from slides to turbidity currents. Slides can be defined as a movement of  
essentially rigid intervals suffered by a sediment mass along a basal shear surface, with an internal 
deformation that can range from worthless to significant (Fig. 1.7A). Slides can be translational or 
rotational (in which case, they are named slumps). Extensional tension in the head (faults and scars) 
and compression on the toe (folds and thrusts) commonly occurs. Slides can show a wide range 
of  displacements and sizes. The largest slides involve blocks measured in many tens of  kilometres 
which are moved several kilometres along slope (Nardin et al., 1979; Masson et al., 1996; Mulder & 
Cochonat, 1996).

Figure 1.7: A) Slides in the Santa Barbara Margin (http://www.mbari.org/news); and B) Torreblanca Slide in the Ebro 
continental slope (Casas et al., 2003).

Gravity-flow deposits are sediment masses generated by flows with high to low sediment load (depen-
ding on the water absorbed during the remobilisation of  sediment), which travels down the conti-
nental slope and rise driven by gravity (Stow et al., 1996). Debris-flow deposits (or debrites) are one of  
the most common (Fig. 1.8A). They stem from a flow saturated in the debris, hence producing clasts. 
Debrites can be tens of  metres thick and they might extend for tens of  kilometres. Many examples 
have been mapped from the edge of  the shelf  to the continental rise (Johns et al., 1981; Masson et 
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al., 1992). Unlike a debris-flow on land, an underwater flow has the opportunity to mix with water, 
thus becoming more dilute and transforming into a turbidity current (flows with sediment concen-
trations from a few parts per thousand to 10%). The sediment content allows to distinguish low-, 
medium- and high-density turbidity currents. Turbidites (Fig. 1.8B) occur in some areas of  the conti-
nental slope, but they are more common in the continental rise, and even over a thousand kilometres 
out onto the basin plain (Alonso et al., 1985; Bouma et al., 1985; Carter, 1988; Bellaiche et al., 1994; 
Ercilla et al., 2002). Their thickness can range from a few millimetres to tens of  metres being made 
up of  mud, sand and gravel and distributed in a particular pattern of  internal facies called “Bouma 
sequence” (Bouma, 1962). Calculations of  the volume of  a single turbiditic deposit talk about more 
than 100 km3 (Masson, 1994). 

Figure 1.8: A) Debrite of  Faeroe-Shetland channel (Wilson et al.,2003), and B) distal turbidites on the eastern Tyrrhe-
nein Margin (Tricardi et al., 2003). 

A submarine fan is a fan-shaped sedimentary complex that develops seawards from one or more sedi-
ment-point sources, such as a river, an alluvial fan or a glacial tongue, or from beyond a main cross-
slope supply route, such as a canyon or a gully (Fig. 1.9). Richards et al. (1998) differentiate between 
submarine fan and submarine ramp, depending on whether the sediment supply comes from a uni-
que source point or from broader constructional areas with multiple sources in the upslope region 
(Fig. 1.10). Submarine fans vary in size from a few square kms to over one million square kilometres 
(these being some of  the largest geomorphological features on the Earth) (Naini & Leyden, 1973; 
Damuth & Kumar, 1975; Bouma et al., 1985; Kolla & Coumes, 1985; Droz & Bellaiche, 1991). The 
morphology and depositional characteristics are strongly conditioned by the composition of  the 
supplied material (Mutti & Normack, 1987; Bouma 2000). In this sense, four types can be differen-
tiated: mud-rich fans, mud/sand-rich fans, sand-rich fans and gravel-rich fans (Richards et al., 1998) 
(Fig. 1.10). Sea-level changes and tectonism are also important controlling factors in the develop-
ment of  these systems (Normark & Piper, 1972, 1991; Nelson & Kulm, 1973; Nelson, 1976, 1980; 
Nelson et al., 1985; Normark et al., 1993; Estrada, et al., 1997). Four main architectural elements can 
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Figure 1.9: Scheme of  submarine fan and related architectural elements: great-scale erosive elements, channels and 
overbank deposits, and lobes (adapted from Normark et al., 1993).

be differentiated in submarine fan systems: great-scale erosive elements, channels and overbank de-
posits, and lobes. Great-scale erosive elements comprise canyons, gullies and slides, among others. They 
are located in the continental slope, from the shelf-edge to the foot of  the continental rise (Figs. 1.2 
and 1.9). They constitute the submarine sediment source that feeds the fan. Channels represent the 
main and long-term pathways for sediment transportation in the fan (Fig. 1.9). Two main types of  
channel on modern fans are defined: large and leveed channels (hundreds of  meters in relief  and 
several kilometres wide) and small unleveed/poor developed leveed channels (few meters in relief  
and only tens of  meters wide) that appear to function as distributaries (Twichell et al., 1993; Kenyon 
et al., 1995; Clark & Pickering, 1996a, 1996b; Normark et al., 1997). Overbank deposits develop adja-
cently to the main channels (Fig. 1.9). In modern systems they can be divided into two parts: those 
proximal to the main channel with leveed relief  and the distal parts without major relief  (Kenyon 
et al., 1996). Modern-system lobes are lobular deposits which lie mainly immediately downslope the 
main channel. Lobes commonly present unleveed channels/poorly developed levees in their inner 
parts (Fig. 1.9) (Mutti & Normark, 1987; Shanmugan & Moiola, 1991). They constitute important 
areas of  sand deposition.

Slope aprons are linear ramp-shape depositional systems which develop on a continental margin lac-
king any discrete source points, but having a linear supply from a stretch of  the shelf  instead. (Fig. 
1.10). Their dimensions are variable, ranging from slope aprons that occupy tens of  kilometres 
of  the margin to those which fill the entire margin acting as a single slope apron (Richards et al, 
1998; Wynn et al., 2000; García et al., 2009). The character of  the slope basin deposits tends to be 
heterogeneous and generally chaotic due to the amalgamation of  a number of  sedimentary pro-
cesses. Sedimentation in these systems occurs by gravitational processes (from rock falls to turbidity 
currents) which move the sediment downslope towards the foot of  the slope, contributing to fill the 
continental rise and the abyssal/basin plain. The composition of  the material supplied, sea-level 
changes and tectonism (Mutti & Normack, 1987; Ross et al., 1994) are also the main control factors 
in the development of  these systems.
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Contourites are the products of  bottom currents reworking previous deposits, and their characteristics 
are determined by variations in the current velocity, the amount and type of  sediment supply and 
the morphology (Stow et al., 1996). Contourite depositional systems are very common on continen-
tal slopes and rises and they are composed of  both depositional and erosive features (Faugères et al., 
1999; Stow et al., 2002; Rebesco, 2005; Viana & Rebesco, 2007). Depositional features are mostly 
represented by sediment ridges or drifts and associated erosive features or moats that can extend from 
tens to hundreds kilometres long, tens of  kilometres wide, range from 0.1 to 1 km in relief  and whose 
thickness may locally exceed 2 km (Stow et al., 2002; Rebesco, 2005; Rebesco & Camerlenghi, 2008) 
(Fig. 1.11). Other contouritic deposits may appear, like sheets, channel-related drifts and a wide 
range of  minor bedforms, which can be depositional, such as sediment waves, ripples and dunes, or 
erosional, like scours and furrows (Figs. 1.11A and 1.11B) (Kenyon and Belderson, 1973; Ambar & 
Howe, 1979; Stow et al., 2002). On the European continental margins, contouritic deposits seem to 
be less affected by sea-level changes, even though during low sea-level, the better development of  
turbidite systems seems to outshine the contourites’, so that they will be best represented during high 
sea-level periods (Weaver et al., 2000). 

Finally, another important type of  deposit that contributes to outbuilding continental margins are 
the hemipelagic sheets (or hemipelagites) which stand for almost 40% of  the continental margin in 

1.1. Geology of  continental margins

Figure 1.10: Classification of  submarine fans, submarine ramps and slope aprons proposed by Richards et al. (1998).
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Figure 1.11: Contourites. A) depositional and erosional contouritic sedimentary features (Stow et al., 2002); B) classifi-
cation of  contourite drifts (Rebesco & Stow, 2000); and C) 3D image (seismic image and multibeam bathymetry) of  a 
contourite drift (Viana & Rebesco, 2007).

some places (Kennet, 1981). Hemipelagites are reliefless aggrading beds of  fine-grained sediment 
with both terrigenous components coming from continental areas (dust of  particles blown from land 
areas by winds, volcanic ash, and airborne particles from fires) and biogenic ones, which inhabit the 
ocean water (remains of  calcareous organisms, such as foraminiferes and coccoliths, and siliceous 
skeletons of  Radiolaris and diatoms). Most of  the material is brought into the oceans by currents 
from the adjacent landmass and is deposited at rates of  between 10 to 100 mm/ka) (Stow et al., 2000). 

1.1.4. New tendencies in the study of  continental margins

Recent studies have demonstrated that the spatial and temporal evolution of  continental margins 
includes strong interactions among their physiographic provinces and sedimentary systems. As a 
result of  these observations, the so-called “source-to-sink” models tendency arises. In source-to-sink 
system studies, all areas that contribute to erosion, transport and deposition of  sediments (from 
catchment headwater to deeper areas) are taken into account. The system is composed of  segments 
that are genetically related (Moore, 1969) so that the evolution due to erosion or deposition in one 
part of  the system is reflected by the morphological modification within one or several adjacent seg-
ments. The source-to-sink system covers both the morphological (in terms of  segment areas, lengths 
and gradients) and the sedimentological (in terms of  sediment transfer, storage and buffering) aspect 
of  any erosional-depositional system.
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The catchment area controls the amount and rate of  sediment delivered to the ocean, and this flux 
is influenced by a number of  factors, such as its size, the nature of  its substrate, the length of  the as-
sociated rivers, the climate and tectonism, among others (Hovius, 1998; Syvitski et al., 2003). As the 
shelf  segment shows the large variations in terms of  down-dip extent and accommodation space are 
primarily controlled by the interplay between underlying structures, sediment supply and relative 
sea-level (Jervey, 1988; Posamentier et al.,1988; Helland-Hansen & Martinsen, 1996; Muto & Steel, 
2002). Such a segment plays a crucial role in controlling the amount of  sediment stored on the shelf  
vs. the amount delivered to more distal environments. The slope segment is fully subaqueous and, as 
it is commonly an area of  net deposition, the variations in the length, gradient and overall prograda-
tion architecture of  the slope can help to determine changes in the magnitude of  the sediment flux 
along this segment. The basin floor fan is the ultimate sink in which the laid-down sediment record 
should therefore reflect the combined impact of  different autogenic and allogeneic forcing mecha-
nisms, which in turn may cause basin-wide perturbations affecting the entire source-to-sink system.

Sediment dispersal in source-to-sink systems occurs on several spatial and temporal scales in respon-
se to short and long-term (from days to tens of  millions of  years) changes in both local and regio-
nal climate patterns and tectonic uplift rate (Wolman & Miller, 1960; Brunsden & Thornes, 1979; 
Walling & Webb, 1983; Meade et al., 1990; Blum & Tornqvist, 2000; Paola, 2000; Frostick & Jones, 
2002; Allen, 2008). As a consequence, the stratigraphic record is a mixture of  products represen-
ting short periods of  erosion and deposition superimposed on longer-term allogeneic control me-
chanisms. A global perspective is therefore required for the understanding of  short and long-term 
development of  source-to-sink systems, how the various geomorphologic elements are related and 
how the sediments are transported and stored at various time scales.

1.2. The area of  study
The area of  study is located in the Cantabrian and Aquitanian continental margins (Bay of  Biscay), 
between 43.5º – 46.0ºN and 1.0º - 6.0ºW (Fig. 1.12), at water depths ranging from 0 to 5,000 m. 
This area includes the east Asturian, Cantabrian and Basque sectors of  the Cantabrian Continental 
Margin and the distal part of  the Aquitanian Continental Margin.

1.2.1. Geography
The Bay of  Biscay, or Gulf  of  Gascogne, is a North Atlantic re-entrant located between 44ºN to 
50ºN and 10ºW to 1ºW. The Bay (223,000 km2) is a gulf  of  the northeast Atlantic Ocean that enclo-
ses the Cantabrian Sea (4,735 m maximum water depth). It lies along the western coast of  France, 
from Brest to Biarritz, and the northern coast of  Spain, continuing westwards to Punta de Estaca 
de Bares. Based on its morphology, which is inherited from its geologic history, the Bay of  Biscay 
comprises different continental margins: the Cantabrian, Aquitanian, Armorican and Celtic, from 
south to north. All of  them are passive margins but with significant geological differences.

The Cantabrian Continental Margin is a typical young passive margin with an important mountain 
range (the Cantabrian Mountains; 32,000 Km2 and less than 2,648 m high), which is close to the 
coastline. Moreover, it is connected to the occidental part of  the Pyrenees cordillera (56,000 Km2 
and up to 3,404 m high), which are considered as an integral part of  the Cantabrian margin. The 
ridge of  the Cantabrian and western Pyrenees mountains plunges abruptly into the sea in less than 
40 km in a straight line. Their relief  generates a rocky, mountainous, jagged and irregular coastline 
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with impressive cliff formations defining numerous capes, small beaches, erosive coastal plains and 
small bays, rias and estuaries. The mountains are drained by river valleys with short (about 30 to 80 
km long) but fast-flowing rivers in them (Jones, 2000). The ratio of  the river run-off to the catchment 
area is very large for these basins due to the proximity of  the mountains to the sea (Fig. 1.13). 

The French continental margins range from medium to large size passive margins. Besides, the 
mountains are placed further inland (Fig. 1.12). In front of  the mountains, a large coastal plain area 
develops with practically flat sedimentary basins dominated by long (more than 300 km) fluvial 
courses (Fig. 1.13). The French margin of  the Bay of  Biscay comprises two continental margins: the 
N-S Aquitanian margin to the south, and the NW-SE Armorican and Celtic margins to the north. 
The Aquitanian Continental Margin is a medium size passive margin. Additionally, the hinterland 
area is drained by small (less than 20 km long) rivers that flow into coastal lagoons (Figs. 1.12). The 
eroded sediment is transported along the coast by a dominant southward littoral drift. The Armori-
can Continental Margin occurs along the north sector of  the Aquitanian basin and the Loire basin 
(Fig. 1.12). These basins constitute the two major river drainage systems of  France: the Garonne/
Dordogne (31.2 km3/yr) that drains the French Pyrenees and the southern part of  the Massif  Cen-
trale, and the Loire (26.0 km3/yr) that drains the northern part of  the Massif  Centrale and the Her

Figure 1.12: Bay of  Biscay and location of  the study area.
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1.2.2. Oceanography

The Bay of  Biscay is a wave-dominated tidal (mesotidal) coastline. The bay is noted for its sudden 
and severe storms as well as its strong tidal currents. Most of  the water masses are of  North Atlantic 
origin (Pollard et al., 1996). The main water masses identified in the Bay of  Biscay will be described 
below respectively from surface to bottom.

Figure 1.13: Fluvial interaction. A) Catchment areas and run-off from the main rivers (OSPAR, 2000); B) mass balance 
of  the fine sediment imput (tonnes by 106 yr) to estuaries of  the French Atlantic coast and suspended sediment transfer 
to the ocean (Castaing, 1981); and C) AVHRR (NOAA-14) thermal infrared image (channel 4) of  the south-eastern Bay 
of  Biscay showing a warm coastal flow (divided into several warm water cells) that extends from the Gironde and Adour 
estuaries to the inner Bay of  Biscay and along the north Spanish shelf  (Gil et al., 2002). Warm waters are shown as dark 
shades and cool waters as light shades.

1.2. The area of  study

cinian Massif  Armorican of  the Bretagne (OSPAR, 2000) (Fig. 1.13A). Their rivers, especially the Gi-
ronde and Loire, represent important sediment sources of  fine sediment into the sea (Castaing, 1981; 
Castaing et al., 1999; Durrie de Madron et al., 1999; Jouanneau et al., 1999) (Figs. 1.13B and 1.13C).
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Figure 1.14: A) General circulation of  the water masses in the Bay of  Biscay (OSPAR, 2000), with an indication of  
the sampling stations (I, II and III) and bathymetric profiles (1 and 2); B) temperature-salinity diagrams from the water 
masses of  the Bay of  Biscay under the sampling stations I, II and III (Gónzalez-Pola, 2006); C) and D) S-N bathymetric 
profiles from the Cantabrian continental shelf  towards the Le Danois Bank (DB) respectively, at its eastern and western 
extremities. 

The uppermost water mass is the Eastern North Atlantic Central Water (ENACW), which extends 
to depths of  about 400 to 600 m (Fig. 1.14). The ENACW is characterised by a cyclonic gyre in the 
Bay of  Biscay with an average velocity of  1 cm s-1, but with evidence of  peaks higher than this value 
(González-Pola, 2006). The shelf  circulation is governed by the combined effects of  tides. Additio-
nally, the shelf  circulation is also governed by buoyancy, also known as coastal currents induced by 
run-offs from the main rivers, as well as wind and cross-shelf  transportation along the axes of  sub-
marine canyons (Fig. 1.14A). This is due to amplified tides and non-linear wave-current interactions, 
and is particularly important in relation to the canyons dissecting the shelf.

Between 400-500 and 1,500 m water depth, the Mediterranean Outflow Water (MOW) follows the 
continental slope as a contour current (Fig. 1.14). Its circulation is conditioned by seafloor irregula-
rities and the Coriolis effect (Iorga & Lozier, 1999). Off the coast at Santander, the MOW is about 
40% of  the water mass defined in the Gulf  of  Cadiz and only about 11% of  its initial properties 
within the Mediterranean Sea (Díaz del Río et al., 1998). The MOW velocities have been measured 
at 8ºW and 6ºW in the Bay of  Biscay with minimum values of  2-3 cm s-1. Having taken these values 
into consideration, the MOW should theoretically take no longer than 19 months from the Strait 
of  Gibraltar to Santander (Pingree & Le Cann, 1990; Díaz del Río et al., 1998). Iorga and Lozier 
(1999) show that the MOW splits into two branches as it passes around the Galicia Bank, and turns 
into the Bay of  Biscay as a cyclonic recirculation (Fig. 1.14A). Although there is a lack of  detailed 
information of  the MOW circulation in the Bay of  Biscay, it seems that once the MOW has passed 
the Galicia Bank, one branch continues towards the north, while the other flows towards the east 
along the slope of  the Cantabrian Continental Margin (González-Pola, 2006). From Cape Ortegal 
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to Santander, the MOW propagates along the slope, although with reduced velocities. However, 
the MOW is likely to be influenced first by the Aviles Canyon but also from farther away by the Le 
Danois Bank (with a summit of  about 500 m water depth), which could introduce isopycnal doming. 
Farther east, in the Santander Promontory, the MOW has a lower salinity and temperature after 
crossing the Torrelavega Canyon (González-Pola & Lavín, 2003; Valencia et al., 2004; González-
Pola, 2006) (Fig. 1.14B). 

Between 1,500 and 3,000 m water depth the North Atlantic Deep Water (NADW) is recognised. 
It includes a core of  the Labrador Sea Water (LSW) at a depth of  about 1,800 m, indicated by a 
new salinity minimum down to 2,000 m (Caralp, 1985; Vangriesheim & Khripounoff, 1990; Mc-
Cartney, 1992; McCave et al., 2001; González-Pola, 2006). Pingree (1973) traced the LSW from 
the Labrador Sea eastwards toward the Bay of  Biscay (Fig. 1.14B). Paillet et al. (1998) reported a 
possible northwestward return flow over the Celtic continental slope, but these authors never found 
it and inferred that the Bay of  Biscay was likely to act as an active mixing zone. In fact, an intense 
diapycnal mixing over the continental slope at an intermediate level has been reported by many 
researchers (e.g. González-Pola, 2006), as probably being the highly energetic internal tidal waves 
the energy source.

Below the NADW, the Lower Deep Water (LDW) is identified, which mainly seems to result from the 
convergence of  the deep Antarctic Bottom Water (AABW) and the Labrador Deep Water (LDW) 
(Le Floch, 1969; Botas et al., 1989; Haynes & Barton, 1990; McCartney, 1992; Pingree & Le Cann, 
1992; Van Aken, 2000; McCave et al., 2001; Valencia et al., 2004). A cyclonic recirculation cell over 
the Biscay Abyssal Plain is categorised by a characteristic poleward velocity of  the water near the 
continental margin of  1.2 (± 1.0) cm.s-1 (Dickson et al., 1985; Paillet & Mercier, 1997).

1.2.3. Physiography

The Cantabrian Continental Margin, located between the Ortegal spur and the Capbreton Can-
yon, is a very abrupt and steep continental margin (Fig. 1.15). The continental shelf  is very irregular 
and indented with the upstream section of  submarine canyons. It is generally narrow with widths 
ranging from 10 to 30 km (Fig. 1.15). These differences allow the division of  the shelf  into the Astur-
Galician, the Asturian, and the Basco-Cantabrian sectors. Moreover, the shelf  starts somewhere 
between 180 to 250 m water depth. The continental slope is also very irregular with perpendicular 
and oblique canyons that delimit numerous intra-slope platforms and abrupt zones with gradients 
that are relatively very steep. From west to east, the most important submarine canyons are: Avi-
les, Torrelavega and the Capbreton-Santander Canyons; while the most important intra-slope pla-
tforms are: Asturian Marginal Plateau, Santander Promontory and the Landas Marginal Plateau 
(Fig. 1.15). Generally, this margin lacks continental rise and the slope joins directly with the Biscay 
Abyssal Plain at a water depth of  4,000m.

The Aquitanian Continental Margin is characterised by its medium size and subsident continental 
shelf  as well as an open and regular continental slope. It is bounded to the south by the Capbreton 
Canyon and to the north by the Conti Spur (Fig. 1.15). The continental shelf, which breaks at 220 m 
water depth, is regular as well as N-S rectilinear and has a width of  70 km. The upper continental 
slope is formed by a proximal N-S regular and steep open-slope sector and a distal marginal pla-
tform (Landes Marginal Plateau) that dips gently westwards in a water depth ranging from 1,000-
2,000 m. This plateau is bordered by steep slopes forming the south flank of  the Cap Ferret Canyon 
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in the north, the Capbreton Canyon in the south and the Santander Canyon in the west, while the 
north-western margin is a steep open lower slope that joins with the French continental rise (Fig. 
1.15). 

The NW-SE sector of  the French continental margin is a large passive margin, and comprises the 
Armorican and Celtic margins. Additionally, it is characterised by a vast and regular NW-SW con-
tinental shelf  (Fig. 1.15). The contiguous continental slope is a regular open slope due to the lack of  
important structural submarine canyons. The continental slope extends down to a water depth of  
4,000 m and joins the continental rise and Biscay Abyssal Plain (Fig. 1.15).

1.2.4. Tectonic history

As it has been mentioned before, the Bay of  Biscay is bordered by dissimilar continental margins: 
the northern Spanish or Cantabrian Margin, that trends W-E and marks the boundary of  the Ibe-
rian plate; and the French margin, composed of  the N-S Aquitanian Margin and the Armorican as 

Figure 1.15: The main physiographic elements of  the Bay of  Biscay. (1) Ortegal spur, (2) Astur-Galician shelf, (3) Aviles, 
(4) Asturian shelf, (5) Asturian Marginal Plateau, (6) Torrelavega Canyon, (7) Santander Promontory, (8) Basco-Can-
tabrian shelf, (9) Santander Canyon, (10) Capbreton Canyon, (11) Aquitanian shelf, (12) Landas Marginal Plateau, (13) 
Cap-Ferret Canyon, (14) Conti Spur, (15) Armorican shelf, (16) Berthois Spur, (17) Celtic shelf, (18) Meriadzek Terrace, 
(19) Trevelyan Escarpment, (20) Goban Spur, (21) English Channel, (22) continental rise, (23) Biscay Abyssal Plain, (24) 
Biscay Seamount, (25) Gascogne Knoll, and (26) Jovellanos High. 
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well as the Celtic Margins that trend NW-SE (Figs. 1.12 and 1.15). There are great morphostruc-
tural and sedimentary differences between the Cantabrian, the Aquitanian and the NW-SE French 
margins (Jones, 1968; Vigneaux, 1974; Le Pichon & Sibuet, 1981; among others). In general, the 
Cantabrian margin is starved and has higher slope gradients acquired during its contractional tecto-
nic history. Furthermore, the Celtic and Armorican margins have experienced less tectonic activity 
and have the slope profile and development of  the typical extensional Atlantic continental margins. 
Finally, the Aquitanian margin is a complex margin formed previously over different structural pro-
vinces (the Landes High and Parentis Basin).

The Bay of  Biscay was formed as a subsidiary rifted arm of  the North Atlantic during the breakup 
between Europe and North America in the Mesozoic period. This initial northern Spanish conti-
nental margin was controlled by extensional regimes, which evolved as part of  the collisional Euro-
pean Variscan chain (in Palaeozoic times) and became a passive margin during the progressive ope-
ning of  the Bay of  Biscay. This transformation comprised several rifting episodes that started in the 
Triassic period and lasted until the Cretaceous period (Debyser et al., 1971; Le Pichon et al., 1971; 
Montadert et al., 1971b; Montadert et al., 1971c; Laughton et al., 1972; Williams, 1975; Montadert 
et al., 1979; Sibuet et al., 2004a; among others). The passive margin evolved through various stages 
of  shallow waters with deposition of  lagoonal evaporites, pelagic sediments and black shales (Pautot 
et al., 1970; Boillot et al., 1979). The Mesozoic evolution of  the Bay of  Biscay was characterised by 
processes of  sea-floor spreading in the centre of  the basin and tectonic subsidence as well as exten-
sional normal faulting and marine transgressions in the margins.

The models that consider the relative motions of  Africa, Iberia and Europe suggest an anti-cloc-
kwise rotation of  the Iberian plate relative to stable Europe, which in the beginning of  the Tertiary 
period caused the NW-SE oblique convergence between the Iberian and European plates starting 
at the eastern Pyrenees with simultaneous seafloor spreading in the Bay of  Biscay (Choukroune et 
al., 1973; Srivastava et al., 1990a; Thinnon et al, 2001; Rosenbaum et al., 2002; Sibuet et al., 2004b; 
Gong et al., 2008). This caused a shortening in the margins, the partial closure of  the Bay of  Biscay, 
the progressive uplifting and deformation of  the Cantabrian and Aquitanian margins, and the for-
mation of  a collisional orogen (Pyrenees and Cantabrian Mountains) (Fig. 1.15) (Choukroune et al., 
1973; Boillot & Capdevila, 1977; Boillot et al., 1979; Grimaud et al., 1982; Srivastava et al 1990b; 
Pérez-Estaún et al., 1994; Pulgar et al., 1996; Álvarez- Marrón et al., 1996; Gallastagui, 2001; Ga-
llastegui et al., 2002). The Cantabrian margin, which is considered as being part of  this new orogen, 
over-thrusted the transition to the oceanic crust of  the Bay of  Biscay plain (Boillot & Capdevila, 
1977; Boillot et al., 1979; Álvarez- Marrón et al., 1997; Gallastegui, 2001; Gallastegui et al., 2002). 
The deformation began in this area and extended along the continental slope and shelf  during the 
Oligocene and Early Miocene periods. In addition, the tectonic activation of  the margin resulted 
in the formation of  the main structural elements of  the margin (Asturian, Santander and Landas 
Plateaus and major submarine canyons) and distinctive minor tectonic structures. Some examples 
of  the latter could be reverse faults, thrusts and folds of  different scales, types and orientations which 
in many cases followed pre-existent structural features inherited from extensional regimes (Fig. 1.16) 
(Boillot et al., 1979; Deregnacourt & Boillot, 1982; Gallastegui et al., 2002). In the Aquitanian mar-
gin, the deformation was focused in the Parentis Basin with a general uplifting in the southern part 
and subsidence in the northern one that favoured the formation of  Cap Ferret Graben (Winnock, 
1971; Montadert et al., 1979; Thinon, 1999; Ferrer et al., 2008a).

The compressive regime in the Bay of  Biscay is diachronic. On the French margin, it seems to have 
occurred up to the Late Eocene period (Winnock, 1971; Thinon, 1999; Thinon et al., 2001) whe-

1.2. The area of  study
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Figure 1.16: Tectonic setting. A) structural framework of  the entire Cantabrian continental margin (LeBorgne & Monel, 
1970; Williams, 1973; Laughton et al., 1975); and B) structural map of  the area of  study showing the main tectonic fea-
tures, compiled from Laughton et al. (1975), Derégnaucourt and Boillot (1982), Pulgar et al. (2004), Ferrer et al. (2008a) 
and Roca et al. (2008).
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reas on the Cantabrian margin, it seems to have ended in the distal areas during the Early Miocene 
period (Alvarez-Marrón et al., 1996; Alvarez-Marrón et al., 1997; Gallastegui et al., 2002) and on 
land during the Late Miocene period (Srivastava et al., 1990b). Nevertheless, the Neogene tectonic 
activity was weak and this period was characterised by smoothing of  previously created reliefs and 
deposition with rapid homogenization of  the seafloor morphology of  the continental rise due to 
increased activity of  canyons and related deep-sea clastic turbidite systems (Crémer, 1983; Faugères 
et al., 1998; Cirac et al., 2001; Mulder et al., 2001; Bourillet et al., 2006; Gaudin et al., 2006). The 
morphology of  the Cantabrian Continental Margin roughly reflects the above mentioned structu-
ral trends (Fig. 1.16), which are characterised by abrupt slopes, that are sometimes more than 20º 
and large canyons, that are more than 100 km long, whose location is tectonically controlled and 
that extends down to the continental rise (Fig. 1.16) (Boillot et al., 1974; Belderson & Kenyon, 1976; 
Kenyon, 1987).

1.2.5. Stratigraphy
The sedimentary cover is comprised of  sediments from the Cretaceous period up to the Quaternary 
period, including pre-rift, syn-rift, passive margin, syn-orogenic and post-tectonic deposits. The 
initial studies (Boillot et al 1971; Montadert et al., 1971a; Winnock, 1971; among others) and later 
publications (Vigenaux, 1974; Derégnaucourt & Boillot, 1982; Thinon, 1999; among others) propo-
se that seven seismic units define the sedimentary cover of  the Bay of  Biscay which are mainly on 
the abyssal plain. They are grouped into three families (pre-rift, syn-rift and post-rift) and five for-
mations (5 to 1 from oldest to youngest): the lower pre-rift family (Unit 5), the middle syn-rift family 
(4 and 3B units) and the upper post-rift family. The post-rift family is divided into four seismic units: 
(1) Middle Eocene–present times separated in 1A and 1B by Mid R discontinuity, (2A) Paleocene–
Early Eocene, (2B) Late Cretaceous and (3) Aptian-Cenomanian. The age of  formations 1, 2 and 
3 was confirmed by DSDP sites 118 and 119 (Laughton et al., 1972). Thinon (1999) correlates the 
base of  formation 1 (D1 discontinuity) entirely within the Bay of  Biscay. Moreover, Gallastegui et al. 
(2002) and Alvarez-Marrón et al. (1997) propose three different Tertiary sequences focusing on the 
initiation of  compressive deformation: the two lower syn-tectonic sequences (Late Eocene sequence 
and Oligocene–Early Miocene) and the upper post-tectonic one (lower Miocene–Plio-Quaternary). 
Stratigraphic studies of  higher resolution are few and in different locations. For example, Cholet et 
al. (1968) define the base of  Miocene deposits in the Landas Plateau. Crêmer (1983) divided forma-
tion 1 into sequences, focusing on the Cap-Ferret deep Fan. This division comprises: Sequence I, 
divided into two sub-sequences, Ia (Late Eocene–Middle Oligocene) and Ib (Late Oligocene–Early 
Miocene); Sequence II (Middle Miocene); Sequence III (Late Miocene); and Sequence IV (Plioce-
ne–Quaternary) also divided into two sub-sequences, IVa and IVb. Faugeres et al. (2002) and Go-
thier et al. (2006) define four units and four discontinuities (R1, R2, R3 and R4) in deposits of  the 
Landes Plateau. Previously, in the distal lobes of  Cap Ferret Fan, Faugeres et al. (1998) had defined 
the same R1, R2 and R3 discontinuities. Finally, Bellec (2003) and Bellec et al. (2009) define a post-
Neogene seismic stratigraphy with six seismic units (U6 to U1) in the Aquitanian continental shelf.

1.2.6. Recent sedimentation
In the Bay of  Biscay, there is an important morphological contrast between the north and the south 
margins that provoke important differences in the recent sedimentary elements and sedimentary 
systems. This contrast results from its geological history. In general, the Bay of  Biscay is characte-
rised by gravitational, pelagic and glacigenic processes that have favoured the formation of  three 
deep-sea sedimentary systems. 

1.2. The area of  study
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The distribution of  the sediment that is on the surface of  the continental shelf  of  the Celtic and Ar-
morican continental margins is very irregular (Fig. 1.17B). It also presents fine deposits in restricted 
patches in the vicinity of  major estuaries where it is protected from wave action (Castaing & Jouan-
neau, 1987). The presence of  sandbanks in the western sector of  the outer continental shelf  must 
be emphasised (Fig. 1.18). For some authors, the sandbanks represent the remains of  the palaeodelta 
of  the “Manche paleoriver” (Lericolais, 1997), whereas for others (Marsset et al., 1999; Reynaud et 
al., 1999) they could be purely fossil tidal sandbanks. Below the sandbanks, a network of  infilled pa-
laeovalleys associated with palaeoriver incision characterise the shelf  sedimentation (Bourillet et al. 
2003; Gracia-Garay et al. 2004). The Celtic and the Armorican turbidite systems (Fig. 1.18) are fed 
by a “canyon dominated” margin and its connection to the Manche palaeoriver. The sedimentary 
history of  these turbidite systems began after the maximum inversion of  the Early Miocene period 
and its history is characterised by three phases: two phases (Miocene and Pliocene) with the system 
fed by highly coarse particle loads that favour a basinward progradation with frequent channel 
shifts; and a third phase (Quaternary) showing a more important fine particle load that generates a 
more permanent channel-levee system (Droz et al., 1999). In the south-eastern part of  the Armori-
can continental slope, four additional drainage basins can be identified and all of  them are fed by 
canyons dissecting the continental slope and rise. Therefore, no significant deep-sea fans are found 
at the mouth of  the lower valleys and only small channel-levee complexes, slumps or small lobes are 
identified (Fig. 1.18) (Droz et al., 1999; Aufret et al., 2000; Zaragosi et al., 2000).

Figure 1.17: Surface sediments distribution on the continental shelves of  the study area. A) Basco-Cantabrian shelf  
(Jouanneau et al., 2008); and B) Aquitanian and Armorican shelves (Allen & Castaing, 1977).
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1.2. The area of  study

Figure 1.18: Morphosedimentary elements of  the present-day seafloor of  the Bay of  Biscay (Bourillet et al., 2006).

The continental shelf  of  the Armorican margin is mainly characterised by fine sands (Allen & Cas-
taing, 1977) (Fig. 1.17B). Palaeovalleys associated with Gironde paleo-discharges are poorly develo-
ped (Pinot, 1974; Lericolais et al., 2001; Bellec, 2003; Menier, 2004; Bourillet et al., 2006; Chaumillon 
& Weber, 2006). The only deep-sea clastic system in this southern part of  the bay is the Cap-Ferret 
system (Fig. 1.18). It is supplied by the canyons and channels draining the Landes drainage basin 
and part of  the northeast Spanish continental slope, via the Capbreton-Santander and Torrelavega 
canyons. The turbidite deposition of  the Cap-Ferret system seems to begin during the Upper Eoce-
ne period, after the Eocene tectonic phase and its evolution is strongly linked to tectonism up to the 
Middle Miocene period, when the sea-level and the climate seems to have controlled its evolution 
(Crémer, 1983). Not much data exists for this region and consequently, this system remains poorly 
understood, something which is in contrast with the regions of  the northern part of  the bay. 

The lack of  knowledge of  the Cantabrian Continental Margin is even more evident. It is known that 
the continental shelf  contains an important percentage of  sand and coarse material compared to the 
sediment content of  other shelves of  the world (Jouanneau et al., 2008) (Fig. 1.17a). It is also known 
that the continental rise is dominated by the presence of  the Cap Ferret turbidite system (Crémer, 
1983; Faugères et al., 1998). Nevertheless, the recent deposits and sedimentary systems of  the conti-
nental slope remain poorly known. 
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Chapter 2. Methodology

2.1. Dataset 
The dataset studied in this work comprises seafloor bathymetry, single and multi-channel seismic 
profiles. They were obtained during four oceanographic cruises: MARCONI I, MARCONI II 
(http://www.geol.uniovi.es/Investigacion/Marconi/index.html), ECOMARG (http://www.ecomarg.net) and 
GALIPORT (Figs. 2.2, 2.3 and 2.1 ). Also, regional bathymetry published by GEBCO Digital Atlas 
(GEBCO Centenary, 2003), and multi-channel seismic profiles data provided by “Sociedad de Hi-
drocarburos de Euskadi S.A.” (SHESA) and downloaded from SIGEOF database form the IGME 
(Spanish Geological Society) (http://www.igme.es/internet/sistemas _infor/BASESINTERN ET/sigeof.
htm) have been used (Fig. 2.2).

Figure 2.1: Research vessels of  oceanographic cruises: BIO Hespérides for the MARCONI I and II cruises, B/O Viz-
conde de Eza for the ECOMARG cruises and R/V Belgica for the GALIPORT cruise.
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Figure 2.2: Bathymetric map showing the multibeam bathymetry (plotted as shaded-mean depth) and the tracklines of  
the multi-channel, single-channel and TOPAS seismic profiles recovered onboard research vessel BIO Hespérides du-
ring the MARCONI I and II cruises. Multichannel seismic profiles provided by SHESA and those available in SIGEOF 
Data Base are also plotted. Bathymetric lines, from GEBCO Digital Atlas, each every 200 meters

2.1. Dataset
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Figure 2.3: Data from the ECOMARG and GALIPORT projects (See Fig. 2.2 for location). Bathymetric mosaic (pre-
sented as shaded-mean depth image) from the ECOMARG project using the EM 300 multibeam echosounder of  the 
B/O Vizconde de Eza; and location of  Sparker seismic profiles (yellow lines) acquired during the GALIPORT cruise 
onboard the R/V Belgica.

2.2. Multibeam bathymetric data
In the early 1990s, the development of  high-resolution multibeam mapping systems led to subs-
tantial improvement in sea-bottom information gathering. Multibeam echosounder is based in the 
emission of  a series of  acoustic pulses directed towards the seafloor and arranged in fan of  a narrow 
acoustic beams (Fig. 2.4).The main advantage of  this system is that it provides a 100% of  covera-
ge of  the seafloor, and therefore the resulting seabed maps are more detailed than those obtained 
using single-beam mapping. The maps (Figs. 2.2, 2.3 and 2.5) are also produced faster, reducing 
ship survey time. In addition, the multibeam echosounders produce seabed image data similar to a 
sidescan sonar image, with information of  the backscattering seafloor signal (Fig. 2.5B), which can 
be used for characterising the seabed material properties and sometimes for detecting small features 
not visible in the sounding data. Multibeam data are displayed in real-time onboard, and afterwards 
they are processed to apply calibrations and corrections (Fig. 2.4). The final procedure is the produc-
tion of  batimetric maps, topographic profiles, backscattering imagery and different types of  terrain 
models with the employment of  specific software. Acoustic backscatter mapping from multibeam 
systems has provided a revolutionary access to precise information on dimensions and geometry, on 
architectonic and structural elements of  morphosedimentary and morphotectonic systems. Swath 
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2.2. Multibeam bathymetric data

Figure 2.4: Scheme showing the working flow for the multibeam data.

bathymetry maps (Figs. 2.2, 2.3 and 2.5B), an important support for geologic interpretation based 
on seismic records, enable research into, and understanding of, the main processes involved in the 
genesis, evolution and present dynamic of  morphosedimentary and morphotectonic features.

In this study, multibeam bathymetry was obtained with Simrad EM-12 S120 multibeam echo soun-
der during the MARCONI I and II, and with the Simrad EM 300 during the ECOMARG cruises. 
These systems offer a vertical resolution of  approximately 0.025% of  water depth, and acoustic 
footprint (horizontal resolution) that depends of  water depth and the bean angle. In the case of  
EM-12, the resolution factor is of  2º x 4º that for water depth ranging between 250 to 4,500 m, re-
present between 9 x 18 m and 160 x 315 m resolution. In the case of  EM 300, the resolution factor 
is of  1º x 2º that for water depth ranging between 200 to 3,000 m, represent between 3.5 x 7 m and 
52 x 105 m resolution The sound velocity spreading corrections for depth calculations were perfor-
med with the SIPPICAN MK12 data acquisition system, including Expendable Bathythermograph 
(XBT), Expendable Sound Velocity (XSV), and Expendable Conductivity, Temperature and Depth 
(XCTD) profilers. During the MARCONI I cruise, 21 corridors of  multibeam (covering more than 
20,000 km2) (Figs. 2.2 and 2.5A) were recovered from the outer shelf  to the continental rise, at the 
sector of  the Cantabrian Continental Margin between the Oviedo and Bilbao (between 2.5-5.5ºW 
and 43.5-45ºN). During the ECOMARG cruise a mosaic of  5,000 km2 was obtained (Fig. 2.3), at 
water depth ranging between 200 to 3,000, at the sector of  the Cantabrian Continental Margin 
between 4º15’W-5º25’W longitude and 43º35’N-44º15’N latitude. Multibeam data are displayed 
in real-time on board, and afterwards they are processed to apply calibrations and corrections and 
stored. NEPTUNE and CARAIBES softwares were used for this purpose. Bathymetric maps obtained 
during both cruises were completed with the data from the GEBCO Digital Atlas in order to fullfill 
the area without coverage (Fig. 2.6).
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Figure 2.5: EM12 multibeam data of  the MARCONI project (from CARAIBES software). A) Bathymetric map (shaded 
mean-depth); and B) backscatter map.
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2.2. Multibeam bathymetric data

Figure 2.6: Bathymetric map (from Fleder Maus software) which integrates the swath bathymetry of  the MARCONI pro-
ject and data of  GEBCO Digital Atlas fulfilling the area without coverage.

2.3. Geophysical methods 

Seismic profiles were obtained with three different systems: i) TOPAS, ii) Sparker and iii) airguns. 
The airguns were used for single- and multi-channel seismics.

The TOPAS system transmits two primary acoustic signals of  15 and 18 kHz that interfere with the 
water column generating a secondary signal of  low frequency between 0.5 and 5 kHz (Parametric 
effect) (Dybedal & Boe, 1994), providing a good vertical resolution of  the upper 50-80 m of  the 
sediment column (Webb, 1993). The penetration of  the acoustic signal varies between 0 and 200 
milliseconds TWTT (ms) at full oceanic depths. The TOPAS system may work with different types 
of  pulse shapes, as simple pulse, continuous wave and chirp modes. The main advantage of  this sys-
tem is that it provides a narrow (generally from 3º to 7º) low frequency beam from a reduced trans-
ducer surface. The TOPAS system includes a real-time processing and presentation of  the raw and 
processed data in a monitor (Fig. 2.7A). These data may also be printed and stored in the adequate 
digital formats for their posterior processing and analysis. In this study the TOPAS seismic profiles 
(Fig. 2.7B) were obtained during the MARCONI I and II cruises (Fig. 2.1). These seismic profiles 
represent a total of  3,700 km (MARCONI I, 2,200 km; and MARCONI II, 1,700 km) and extend 
from the outer shelf  down to the continental rise, at the sector of  the Cantabrian Continental Mar-
gin between Bilbao and Oviedo (2.5ºW and 5.5ºW) and between the latitudes of  43.5ºN and 45ºN.

The Sparker system is a high resolution single-channel seismic system. The SIG sparker system was 
used during the GALIPOR cruise, and is defined by a source composed of  120 electrode SIG (Fig. 
2.8A), triggered every 3 s attaining an energy of  500 J at discharge. The sample frequency is 6 kHz 
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Figure 2.7: TOPAS (TOpographic PArametric System) data. A) Example of  real-time TOPAS seismic profile displayed 
by a monitor onboard; and B) example of  TOPAS seismic record acquired during the MARCONI I cruise

Figure 2.8: Sparker seismic data. A) Photo of  SIG sparker system used during GALIPORT cruise; and B) example of  a 
sparker seismic record acquired during that cruise.

with a recording time of  2.5 seconds. The standard vertical resolution of  this method varies from 
0.4 to 1 m with a penetration between 200 and 500 miliseconds TWTT (ms). The processing of  
these data involved basic bandpass-filtering and swell filtering. A total of  150 km of  sparker seismic 
profiles (Fig. 2.8B) were obtained in the sector of  the Cantabrian Continental Margin between 
4º35’W - 5º05’W and 43º55’N - 44º10’N during the mentined cruise (Fig. 2.2).
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2.3. Geophysical methods

The airgun system (c) used in this study is a medium to low resolution system. The seismic source is 
one or more pneumatic chambers that are pressurized with air (airguns) (Fig. 2.9). The airgun array 
is submerged below the water surface and is towed behind the vessel. When the airgun is fired, the 
bolt is retracted, allowing the air to escape the chamber and to produce a pulse of  acoustic energy. 
The reflected pulse is received in hydrophones displayed in a streamer. The resultant seismic signal 
is then registered and recorded. Real-time raw data may be displayed in monitors and may also be 
printed on board. The raw seismic data are recorded to posterior processing in laboratory, which 
basically consist in georeferencing of  shoots, filtering and in the case of  multichannel stacking of  
traces. Two types of  airguns were used in the MARCONI cruises: the Sleeve gun (Fig. 2.10A) and 
Bolt airguns (Fig. 2.11A), in order to obtain single- (Fig. 2.9B) and multi channel (Fig. 2.10A) seismic 
records, respectively. The single-channel airgun records from MARCONI II (Fig. 2.1) were collected 
using a 140 cubic inch sleeve gun array, located at a depth of  3.5 m, with a shot frequency of  8 
seconds. The airguns were fired with four Hamworthy air compressors, producing a 140-bar firing 
pressure. The receptor system was a SIG streamer with a 150 m long active section, comprising three 
independent channels with 40 hydrophones each, having an optimum working depth of  1.5 m. 15 
seismic lines were recovered with an average penetration of  the acoustic signal of  about 1.5 seconds 
TWTT (s). The seismic profiles were recorded in digital format (SEG-Y and raw) and printed on-
board in EPC and Dowty printers for primary visualization. The recorded raw single-seismic data were 
processed to apply different types of  correction and filters. With respect to the multi-channel seismic 
records, they were recorded during MARCONI I cruise (Pulgar et al., 2004; Gallart et al., 2006). 
More than 1,800 km of  seismic data were recorded following 11 profiles (Fig. 2.1). A power variable 
Bolt airgun array (raging between 1,935, 2,435 and 2,690 in3) 9 m submerged, were shoot every 40 s 
(100 m). A 2,400 m Teledyne streamer (Fig. 2.10B) with 96 groups of  hydrophones was towed behind 
the vessel 10 m below the water surface. The data were processed following the general routine, 
using the Globe Claritas software.

Figure 2.9: Scheme of  airgun operation.
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Figure 2.10: Single-channel seismic data. A) Sleeve gun array (140 cu.in) used during the MARCONI II cruise; and B) 
example of  a single-channel airgun record acquired during that cruise.

Figure 2.11: Multi-channel seismic data of  MARCONI I cruise A) Photo of  a Bolt airgun on the deck; B) Teledyne streamer 
with 96 groups of  hydrophones onboard the BIO Hespérides; and C) example of  multi-channel airgun record acquired 
during that cruise.
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2.4. Management of  the seismic and bathymetric data

2.4. Management of  the seismic and bathymetric
data 

The visualization and study of  the overall single- and multi-channel seismic records (from MAR-
CONI I and II cruises, SHESA and SIGEOF datasets) were made with the aid of  the Kingdom Suit 
software (Fig. 2.11), a powerful software from Seismic Micro-Technology, (http://www.seismicmicro.
com). With this software the seismic profiles can be visualizing at the same time that its position 
is plotted into a base map where the bathymetric, shaded mean depth or reflectivity data can be 
imported. The SEG-Y files (form MARCONI I and II, and from SHESA) are the files to be used 
while the raw files are saved for security or for a punctual post-processing. The SEG-Y files needed 
a coordinates transformation, which was made with DELF4KING (Farran, 2008), a Matlab script 
to transform SEG-Y files to UTM georeferenced SEG-Y files compatibles with Kingdom Suite. Those 
seismic profiles of  which the printed record was the only format available (from SIGEOF database) 
needed to be previously digitalized and transformed into a SEG-Y format following the method of  

Figure 2.12: Two different screen shots of  the working with KINGDOM Software. A) From left to right: the tree window 
which assemblages the elements of  the project; the base map window with bathymetry (contours from GEBCO) and 
seismic survey; the seismic record window showing an airgun seismic profile with digitized stratigraphic horizons; a grid 
window showing an isopach map; a countour window showing a paleoisobath map; and B) from left to right: the tree 
window; the base map window with bathymetry data (contours from GEBCO and shaded mean-depth relief  from the 
MARCONI cruises), seismic survey and morphosedimentary division (poligons); and an example of  TOPAS seismic 
profile in a seismic record window.
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Farran (2008) using the IMAGE2SEGY software, a RASTER to SEG-Y converter. After all these trans-
formations, the seismic profiles are imported and integrated into a unique Kindom Suite project. The 
seismic records can be visualized with different scales (vertical and horizontal, colour), filters, and 
other multiple parameters. This software allows picking horizons and faults, correlating different 
seismic profiles and calculating surfaces (contour maps) and isopachs (Fig. 2.11A). With drawing 
tools and directly over the base maps, morphosedimetary and morphostructural elements are inter-
preted and the thematic maps are done (Fig. 2.11B). It also provides visualization tools that help to 
get a better spatial understanding of  the stratigraphy. Horizons or discontinuities can be digitalized 
to create surfaces which can be visualized in 2D plots (in plan view) or cut by seismic profiles in 3D 
presentations. 

Other softwares as the Surfer (Fig. 2.2) and Fledermaus (Fig. 2.6) have been used for the production of  
bathymetric maps, topographic profiles, backscattering imagery and different types of  terrain digital 
models.

2.5. Analysis of  the sedimentary register

Seismic stratigraphy aims the identification of  genetic sedimentary units and sequences, and their 
interpretation is done in terms of  geochronological correlations, thickness, depositional environ-
ments, paleotopography, paleogeography and geologic history (Vail et al., 1977a, b; Vail et al., 1991). 
In this study the stratigraphic analysis has included four phases: i) identification and regional co-
rrelation of  discontinuities and their correlative conformities; ii) definition and classification of  the 
acoustic and seismic facies obtained with the different seismic methods and their correlation among 
them and with the multibeam bathymetric features; iii) identification of  structural features and their 
influence in the sedimentary structure and stratal pattern; and iv) definition of  sedimentary systems 
and their integrating architectural elements.

The interpretation of  seismic data is approached by determination of  seismic sequences and units 
and the analysis of  seismic facies (Vail, et al., 1977a, 1977b, 1984, 1991, 1992; Vail & Hardenbol, 
1979; Vail, 1987; Posamentier et al., 1988; Van Wagoner et al., 1988). Seismic sequences and units 
are defined by the subdivision of  the seismic section in groups of  deposits limited by discontinuities 
and correlative continuities and composed by reflections of  similar characteristics. Seismic sequen-
ces are defined as depositional sequences identified in a seismic section, and seismic units are groups 
of  genetically-related reflections, limited by discontinuities and their correlative continuities within 
the seismic sequences (Mitchum et al., 1977a).

The acoustic facies analysis is based on the acoustic response (or acoustic facies) of  the sediment 
and detailed sea-bottom morphology, and has been defined as echo-character analysis (Damuth, 
1980). Analysis of  high-resolution seismic and acoustic data enable to identify different echo types 
and classes mainly related to sediment distribution on the near-surface. Nomenclature for the echo-
character analysis was based on classic guidelines established by Damuth (1980), McClennen (1989), 
and Pratson & Line (1989), adapted to the acoustic response of  the study area. On the other hand, 
the seismic facies analysis consists on the characterisation of  the seismic bodies based on their acous-
tic response, geometry and lateral relationship with surrounding deposits. This analysis includes 
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the characterisation of  the reflections terminations (downlap, onlap, concordance, toplap, erosive 
truncation, structural truncation), definition of  the internal reflection configuration, classification 
of  the reflection acoustic character and the geometry (Mitchum et al., 1977b; Damuth, 1980; Vera, 
1994; Vera et al., 2004). The study of  the seismic facies allows the interpretation of  the depositio-
nal systems and environments, infering the energy of  the environments, lithology, sediment supply, 
sediment dispersion, paleogeographic and paleoceanographic reconstructions and the geological 
emplacement of  the seismic units and sequences (Mitchum et al., 1977b; Vera et al., 2004). Many 
studies have confirmed the effectiveness of  acoustic and seismic facies as an indirect method for sedi-
mentary processes definition (e.g., Ercilla, 1992; Hernández-Molina, 1993; Lobo et al., 1994; Lobo, 
1995; von Rad & Tahir, 1997; Chough et al., 2002; Walter et al, 2002; García-García et al., 2004). 

The identification of  structural features is mostly approached by analysis of  seismic data (Allen & 
Allen, 2005). Displacement of  reflectors, sharp contacts between sediments with a different acoustic 
response and flexures of  reflectors are common signals of  tectonic deformation. In spite of  the space 
between seismic lines, and the fact that the deformational features can produce seafloor reliefs (highs 
and scarps), mapping of  these structural features is also supported by the use of  the bathymetric 
data (eg., Biju-Duval et al., 1982; Vázquez et al., 2008; among others). 

A sedimentary system (i.e., depositional system) is a three-dimensional, genetically defined, physical 
stratigraphic entity that consists of  a contiguous set of  process-related sedimentary facies (AGI, 
1987). Sedimentary systems vary according to the types of  sediments available for deposition as well 
as the depositional processes and environments in which they are deposited. When a sedimentary 
section from a seismic record is interpreted as a sedimentary system, it is usually to determine the 
depositional setting and from this predict their character and extent to areas where less information 
is available. This process of  interpretation often encompasses using acoustic and seismic facies, se-
dimentary internal configuration, sediment geometry, sediment growth pattern, sequence stratigra-
phic signal, and environmental settings (physiographic, sedimentary, tectonic). Sedimentary systems 
analysis together with a detailed sea-bottom morphology characterisation are important tools for 
understanding recent and present-day sedimentary processes (Damuth, 1980), and geologic evolu-
tion of  modern continental margins and deep sea areas.

2.5. Analysis of  the sedimentary register
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Chapter 3. Physiography, 
morphosedimentary features and 
sedimentary processes

3.1. Introduction and dataset 
Present-day morphology of  the study area must reflect the recent sedimentary processes, because as 
it was observed in the northern margins of  the Bay of  Biscay (Lericolais 1997; Droz et al., 1999; Za-
ragosi et al., 2000, 2001; Mojtahid et al., 2005) the relative scarcity of  sediment supply since the Last 
Glacial Maximum has allowed these features’ preservation. Several studies have presented general 
overviews of  near-surface features, geological processes and their controlling factors (Belderson & 
Kenyon, 1976; Crémer M., 1983; Kenyon et al, 1987; Faugères et al., 1998, 2002; Cirac et al., 1999, 
2001; Mulder et al., 2001, 2004; Bourillet et al., 2006; Gaudin et al., 2006, Gonthier et al., 2006; 
among others). However, studies showing detailed morphosedimentary mappings and analysing the 
recent sedimentary processes from the continental shelf  to rise are still lacking as far as this margin 
is concerned. 

This detailed morphosedimentary characterisation will allow:
- Defining in detail the physiographic characteristics of  the outer continental shelf, slope and 

rise, 
- morphological and acoustical characterising of  the sedimentary features of  the continental 

shelf, slope and rise, and
- establishing the linkages between morhosedimentary features so as to analyse the sedi-

mentary process and the complex interplay among processes acting within the entire 
shelf-to-rise system.

For this purpose, the studied dataset includes a combination of  the information from previous works 
together with the analysis of  high-resolution swath bathymetry maps, high (sleeve airguns and spar-
ker) and very high resolution (parametric system –TOPAS) seismic records. 
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3.2. Physiography
The Cantabrian Continental Margin is an abrupt margin (Grady et al., 2000) (Fig. 3.1). In general, 
this margin characterised by a relatively narrow continental shelf  which changes abruptly into a 
continental slope with a variable relief  affected by large canyons. The continental slope displays an 
abrupt transition to the continental rise in the east and to the Biscay Abyssal Plain in the west (Fig. 
3.1). In the following paragraphs a detailed physiographic characterisation of  the continental shelf, 
slope and rise is presented (Figs. 3.2 and 3.3).

3.2. Physiography

Figure 3.1: 3-D blocks illustrating the topography and bathymetry of  the surveyed area (top) with cross-section topo-
graphic profiles (bottom). Phsysiographic provinces are also outlined. Note the roughness and high slope morphological 
variations of  the continental margin.
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Figure 3.2: Bathymetric map with names of  the principal bathymetric features from GEBCO Centenary and multibean 
data of  this study. 
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Figure 3.3: Map illustrating the gradients of  the surveyed area from multibean.

3.2.1. Continental shelf

The Cantabrian continental shelf  extends down to 180-245 m water depth and is very narrow, ran-
ging from 4 to 30 km and being wider in the west (the Asturian Shelf) and narrower in the east (the 
Basco-Cantabrian Shelf). The seafloor of  the outer shelf  is characterised by an irregular, practically 
flat-lying surface (gradients < 0.5°) with isolated outcrops. The shelf-edge is a sharp break and dis-
plays a sinuous pathway in plain view (Fig. 3.1), due to the presence of  canyon heads and related 
gullies draining their walls (Fig. 3.2).

3.2.2. Continental slope

The Cantabrian continental slope extends down to 4,600 m water depth and has a width that in-
creases toward the east from 33 to 85 km (Figs. 3.1 and 3.2). Based on gradient distribution (Fig. 3.3), 
a gentler upper continental slope (between 1° and 8° and down to 2,000 m water depth) with three 
marginal plateaus, and a steeper lower continental slope (always >14°) are differentiated. The slope 
is characterised by the presence of  two large valleys, the Torrelavega and Capbreton-Santander 
canyons, that indent the shelf  in the eastern sector of  the study area, and three smaller oblique 
SE-NW canyons (Gijon – 40 km long, from 1 to 10 km wide –; La Gaviera – 50 km long, 2 to 12 
km wide –; and Avilés – 80 km long and >10 km mean wide –) in the western (Fig. 3.2). The large 
canyons are two of  the major submarine canyon systems that have developed around the Iberian 
Margin. The Torrelavega Canyon (80 km long and 15 km average wide) has a drainage system for-
med by the Llanes and Lastres tributaries (considered submarine canyons in the literature – Boillot 
et al., 1974; among others –), and runs in a S-N direction with a canyon floor displaying a straight 
pathway. The Capbreton-Santander Canyon has two sectors: the proximal that is formed by the 
Capbreton Canyon ( 170 km long, from 5 to 26 kms wide), a wider upstream E-W sector parallel to 
the margin and drained by a network of  gullies that indent the shelf  (Mulder et al., 2004; Gauding 
et al., 2006); and the distal that is represented by the Santander Canyon (70 km long and from 26 
to 38 km wide), a broader downstream S-N sector whose walls display morphological spurs that are 
bordered by a sinuous talweg. 

3.2. Physiography
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The upper and lower subprovinces are also defined for the French continental slope. The upper 
slope is gentler, with gradients of  less than 4º, and extends down to 2,000 m water depth; and the 
lower slope is steeper (< 8 º), forming an abrupt scarp down to 3,700 m water depth that is the lateral 
continuation of  that defined on the Cantabrian margin (Figs. 3.2 and 3.3). The surveyed French slo-
pe is indented by a large valley, the Cap Ferret Canyon (100 km long and 40 km wide) that runs with 
an E-W pathway from the Aquitanian and Armorican continental shelves down the continental rise 
(Crémer et al., 1999). In the studied sector, it has a tributary (up to 50 km long and >5 km wide) at 
its southern margin named the Arcachon Canyon (Fig. 3.2).

The mentioned large canyons divide the studied open continental slope into three sectors: the Lan-
des Marginal Plateau, the Santander Promontory and the Asturian Marginal Plateau (from east to 
west) (Fig. 3.2). The Landes Marginal Plateau (hereafter named Landes Plateau) defines a quasi-
squared marginal platform, which is bounded by the Capbreton-Santander Canyon system on its 
southern and western sides and by the Cap Ferret Canyon on its northern side. This plateau is 
connected directly to the French continental shelf  by its eastern side, through a N-S proximal upper 
open slope in the south and through the Arcachon Canyon in the north (Fig. 3.2). The seafloor of  
the Landes Plateau (1,000 to 2,000 m water depth) is fairly regular, slightly stepped basinward, and 
has slope gradients between 0.1° and 3° (Fig. 3.3). It ends with a sharp break that defines the begin-
ning of  the flanking canyon walls. 

The Santander Promontory is the S-N elongated intervalley (70 km long and between 30-15 km 
width) between the Santander and Torrelavega canyons (Fig. 3.2). The top of  the Santander Pro-
montory (1,000 to 2,000 m water depth) is fairly regular and the transition to the bounding canyon 
walls and lower slope is abrupt. 

The Asturian Marginal Plateau (hereafter named Asturian Plateau) is bounded to the east by the 
Torrelavega Canyon, to the north by the lower continental rise (or northern wall of  the Le Danois 
Bank) and the adjacent Biscay Abyssal Plain, and to the west by the Gijon, La Gaviera and Avilés 
canyons (Fig. 3.2). This plateau is characterised by a striking morphological bank in the distal do-
main, named the Le Danois Bank (Fig. 3.2). The presence of  this bank creates southward an intra-
slope basin (Asturian intra-slope basin - hereafter referred as the intra-slope basin -) paralleling the 
margin and sloping toward the east (from 920 to 2,050 m water depth). It displays a corridor shape 
in the west that progressively becomes wider and U-shaped valley that mouths into the Torrelavega 
Canyon as a hanging valley. Westward of  this Bank, there is a smaller high (200 m high) named the 
Vizco High.

The lower continental slope province, that is steeper than the upper slope, forms a narrow abrupt 
scarp (10 km average wide) with slope gradients always > 14º (locally 20º) and with the tendency to 
decrease (≈ 3º) downslope (Fig. 3.3). Three sectors separated by the mouths of  submarine canyons, 
are identified; from west to east they are: the steeper northern wall of  the Le Danois Bank, the gent-
ler northern and northwestern walls of  the Santander Promontory and Landes Plateau respectively 
(Fig. 3.2).
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3.3. Morphosedimentary features

3.2.3. Continental rise

The Cantabrian continental slope changes abruptly into the continental rise that is the prolongation 
of  the French Continental rise onlapping the Iberian Continental Margin (Vigneaux, 1974; Bourillet 
et al., 2006), and westward connects with the Biscay Abyssal Plain (Figs. 3.1 and 3.2). Both domains 
together (<4,500 m water depth) display a bay shape in plain view, the seafloor dips toward the west 
with a gradient of  <1° in the continental rise and even lower gradients in the abyssal plain (Fig. 3.3). 
The rise is also characterised by the presence of  two morphostructural highs, the Jovellanos High 
(top at < 3,500 m water depth) and Landes Mountain (top at < 3,400 m water depth) (Fig. 3.2).
 

3.3. Morphosedimentary features 

3.3.1. In the outer continental shelf

The Cantabrian outer continental shelf  mostly displays an eroded seafloor surface that is tracea-
ble throughout the surveyed area (Figs. 3.4 and 3.5). This surface erodes ancient inclined-oblique, 
subparallel, folded and fractured stratified deposits (Fig. 3.5). Due to the differential erosion of  those 
subbottom strata, the erosional surface is irregular with isolated morphological highs (outcrops), 
with dimensions of  as much as 2 km long and 97 m in relief  (Figs. 3.5A, 3.5B and 3.5C). Acoustica-
lly these highs are defined by prolonged and chaotic facies. 

The erosive surface marks respectively the top and bottom of  two different recent depositional bodies 
in the Asturian shelf: a wedge of  shelf-margin deposits (Fig. 3.5D) and a transparent drape (Fig. 
3.5E). The wedge of  shelf-margin deposits is locally identified on the shelf-break of  the western sector, 
from about 187 m water depth (Fig. 3.4). It comprises subunits of  prograding sediments defined by 
oblique, seaward-dipping clinoforms that are truncated by that surface. It displays wedge-shape geo-
metry up to 230 ms thick (Fig. 3.5D). The drape of  transparent deposits underlain by the erosive surface 
occurs locally at water depths of  < 80 m in the westernmost sector and is up to 12 m thick (Figs. 
3.4 and 3.5E). Locally, the transparent sediments display bedforms characterised by asymmetrical 
sediment waves with the western side steeper than the eastern one. The wave lengths are variable, 
ranging between 20 and < 500 m and the amplitudes are < 6 m.

3.3.2. In the upper continental slope

Several types of  sedimentary features characterise the upper continental slope: i) submarine valleys; 
including submarine canyons, channels and gullies, ii) major levees, iii) contouritic deposits, iv) 
’pockforms’ (Iglesias et al., in press), and v) mass-movement deposits (Fig. 3.4).

3.3.2.1 Submarine valleys

The main element that characterises the continental slope are the submarine valleys, which can 
be grouped into canyons, channels and gullies, which appear mostly affecting the inner walls of  
canyons and channels becoming to form true drainage systems (Fig. 3.6).



Figure 3.4: Morphosedimentary features of  present seafloor of  the Cantabrian continental margin. Multibeam, TOPAS and single-channel airgun data was used to elaborate it.
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Figure 3.5: Morphosedimentary features identified on the continental shelf. A) erosive surface that truncates ancient 
faulted and folded deposits and outcrops. Gullies affecting the southern wall of  the Capbreton Canyon and indenting 
the continental shelf  are also displayed; B) and C) erosive surfaces that truncate ancient faulted and folded deposits and 
outcrops; D) shelf-margin deposits; and E) a transparent drape with asymmetric waves.
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Figure 3.6: Submarine valleys of  continental slope. A) Shaded mean depth 3D plot of  a sector of  Capbreton-Santander 
Canyon system. note the gullies eroding its walls; B) multibeam backscatter plot showing the sinuous pathway of  the 
talweg of  Santander Canyon; C) Shaded mean depth 3D plot showing the Le Danois Leveed-Channel; and D) levee of  
the Le Danois Channel (location on C).

Submarine canyons 
Several common features characterise the large canyons (Cap Ferret, Capbreton, Santander, 
Torrelavega, Llanes, Lastres and Avilés submarine canyon): i) the heads, that locally indent the conti-
nental shelf  (Figs. 3.4 and 3.5A), are defined by irregular boundaries with well-developed amphi-
theatre terraces (as those defined by Gaudin et al. 2006 in the head of  Capbreton Canyon) (Fig. 3.7); 
ii) the walls are asymmetric, one being steeper than the other; iii) well-developed drainage features that 
form a network of  gullies cover much of  the less steep walls (Fig. 3.6A); and iv) the entrenched axial 
talwegs display a sinuous to straight pattern in the middle and distal reaches (Figs. 3.4 and 3.6). One 

3.3. Morphosedimentary features
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talweg is identified in all the canyons, except in the Santander Canyon, which displays two (Fig. 3.4). 
The talweg of  this canyon bifurcates from about 3,700 m water depth, and both branches surround 
the Landes High, remaining as a residual interfluve within the canyon course (Figs. 3.2 and 3.4). 
The eastern talweg displays a semicircular pathway and defines a U-shaped cross-section up to 
5.5 km wide and 300 m in relief. This talweg seems to be abandoned because it does not display 
erosion and downcutting, suggesting area of  deposition. The western talweg displays a V-shape in 
cross-section and represents the current entrenched talweg. Seismic profiles show that these canyons 
incise into the sedimentary succession in its upper part (the upstream) and locally reach the acoustic 
basement; in fact, truncations of  reflections against the canyon walls are observed suggesting their 
erosive character in the outer shelf  (Figs. 3.5A and 3.8A). The canyon floor deposits are characte-
rised by packages of  chaotic, hyperbolic and transparent facies with cut-and-fill features indicating 
that the canyon floor/talwegs have been eroded and filled through time (Fig. 3.8A).

Figure 3.7: Amphitheatre terraces in Capbreton Canyon. A) Illuminated grey-shaded three-dimensional view showing 
representative terraces with an amphiteatre shape (reproduced from Gaudin et al., 2006). The figure shows the sediment 
samples and seismic profile employed in that work; and B) bathymetric map of  the area displayed in A. Terraces are 
classified in four main types (T1, T2, T3 and T4) according to their morphology.
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3.3. Morphosedimentary features

Channels 
Some isolated channels have been identified: one is the Le Danois Leveed-Channel (Figs. 3.4 and 
3.6), and the others ones are minor scale leveed-channels (Figs. 3.4 and 3.9). The Le Danois Leveed-
Channel is a 42 km long leveed-channel bordered by an overbank area on its right side, where a 
well-defined levee is recognized. It occurs at about 1,500 m water depth in the intra-slope basin, 
the southern foot of  the Le Danois Bank, and it is the downslope continuation of  the Le Danois 
contouritic Moat. It displays an arc-shape plan-view that runs parallel to the Le Danois Bank. It has 
a downslope trend that varies from NE to N and finally towards the NW. The cross-section changes 
from V-shaped in the proximal part to U-shaped in the middle part and again to V-shaped in the 
distal part. The channel floor width decreases from 0.8 km in its proximal part, whereas it is only 
0.2 km at its connection with the lower continental slope. The levee has a relief  of  about 30 m and 
increases down-channel to 250 m (Fig. 3.6D). The outer face of  this levee and the distal part of  the 
overbank area is affected by at least three splay channels running perpendicular to the levee slope. 
They have a width below 1 km and are several kms long. 

The other minor scale leveed-channels were observed on the southern area of  the Landes Plateau (Figs. 
3.4 and 3.9A). At least three were identified at a water depth ranging between 1,000 and 3,000 m. 
They are more than 30 kms long and less than 1 km wide (Fig. 3.9B). The both sides levees has a 
relief  of  about 15 m and they maintain constant along their course.

Gullies 
A dense networks of  gullies mostly affect the large canyon walls, which resemble a badland topo-
graphy (Figs. 3.4, 3.6A and 3.8B). These networks are better developed on the left margin of  the 
Capbreton, Santander and Torrelavega canyons, and the right margin of  the Lastres Canyon. 

Figures 3.8: Gullies, talwegs and mass-wasting associated to submarine canyons. A) Seismic profile across the upstream 
incision of  Llanes Canyon; and B) multibeam plot of  a zone of  Capbreton-Santander Canyon walls.
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Gullies have different scales, from tens of  metres to several kilometres long, and are separated by 
narrow and sharp ridges. Smaller gullies act as tributaries of  the larger ones, which coalesce at diffe-
rent water depths and extend into the canyon floor. They are acoustically defined by hyperbolic, 
chaotic and prolonged facies that define a rough, high-reflectivity seafloor surface. 

Gullies are also identified at the inner face of  the left wall of  the Le Danois Leveed-Channel. They 
are of  metric scale and decimetric in length. Likewise, gullies are observed in the open slopes as 
occurs in the proximal upper open slope of  the Asturian Plateau close to the left margin of  N-S 
sector of  Lastres Canyon (Figs. 3.4 and 3.10). They are linear to sinuous and normal to the regional 
slope. They are tens of  meters in scale, few km long and affect an area of  about 170 km2. Its acoustic 
character (less reflective) denotes to be less erosive that those identified in canyon walls.

Figure 3.10: Gullies on the upstream of  the Lastres Canyon and on a small sector of  the proximal upper open slope of  
the Asturian Plateau.

Figure 3.9: Minor scale leeved-channels on the Landes Plateau. A) Multibeam (3D shaded mean depth) where two le-
veed channel can be observed; and B) cross section of  one of  this leveed-channels (location in A). 
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3.3.2.2. Capbreton and Lastres levees 

The Capbreton Levee is a positive E-W sedimentary ridge, 150 m high and 70 km long (Figs. 3.4 and 
3.11A) that borders the right margin of  the Capbreton Canyon, along the southern area of  the 
Landes Plateau. The internal facies comprise oblique to subparallel stratified reflections of  mean 
reflectivity, with the downlapping towards the north and merging with the stratified facies of  the 
Landes Plateau. The Lastres Levee is located at the distal reach of  the left margin of  the Lastres 
Canyon, at the south western of  the Asturian Plateau (Figs. 3.4 and 3.11B). This feature is 25 km 
long and 100 m high.

3.3. Morphosedimentary features

3.3.2.3. Contourites

The countourite features develop in the intra-slope basin constrained between the open upper slope 
and the Le Danois Bank, from 400 to 1,500 m water depth (Figs. 3.4 and 3.12). These features 
(hereafter named all together as Le Danois contouritic deposits) are of  two types: depositional and 
erosive. The depositional features are: i) elongated mounded and separated drifts; ii) plastered drifts; 
and iii) sediment waves. The erosive features are moats.

Elongated mounded and separated drifts
Two elongated mounded and separated drifts (following the classifications proposed by Faugères et 
al., 1999; Rebesco & Camerlenghi, 2008; Stow et al., 2002) have been identified within the intra-
slope basin: Gijón and Le Danois drifts (Figs. 3.4 and 3.12). The Gijón Drift is a SE trending elon-
gated mounded and separated contouritic deposit located on the upper slope at about 400-850 m 
water depth. It is bounded southward by the Gijón Moat, northward by the Le Danois Drift, and 
westward by the Lastres Canyon. The drift shows a positive relief  of  about 100 m in the NW part, 
becoming smaller (< 50 m) to the SE (Fig. 3.12C). It has a maximum width of  about 10 km and is 
approximately 31 km long (Fig. 3.4). The Le Danois Drift is an ESE trending elongated mounded and 
separated drift, developed between 800 and 1,500 to 1,600 m water depth. It is located at the foot of  
the southern face of  the Le Danois Bank, and is separated from it by the Le Danois Moat (Fig. 3.4). 
It is bound southward by the Gijón Drift and the Lastres Canyon, and westward by the Le Danois 
Leveed-Channel (Fig. 3.4). The drift is about 45 km long, 50 m high and has a variable width, with 
a maximum of  10 km in the central part of  the drift, 3.5 to 4 km in the westernmost sector and 4.7 
km in the easternmost sector. Between the Gijón and the Le Danois drifts, there is a 35 km long 
sub-horizontal transition zone with a SE trend (Figs. 3.4 and 3.12A). It is 9.5 km wide in the NW, 2.3 

Figure 3.11: The Capbreton Levee (A) and Lastres Levee (B) imaged in single-channel airgun seismic profiles.
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Figure 3.12: The Le Danois contouritic sedimentary bodies of  the intra-slope basin. A) Single-channel airgun seismic 
profile across the intra-slope basin showing the recent and ancient contouritic deposits formed in the intra-slope basin; 
B) The Gijón Drift and Moat on a multibeam bathymetry plot; and C) the Le Danois Drift and Moat at the southern 
foot of  the Le Danois Bank.
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km in the central zone and 7.1 km in the SW. Internally, the drift deposits consist of  the vertical 
stacking of  prograding stratified sediment packages reaching thicknesses of  up to about 200 ms; 
internal discontinuities are observed, such as downlap and erosive surfaces that are mostly regionally 
traceable. The direction of  progradation of  the deposits is upslope (Figs. 3.12A, 3.12C and 3.13). 

Plastered drifts
Along the southern slope of  the Le Danois Bank, three depositional plastered drifts (following the 
classifications proposed by Faugères et al., 1999; Stow et al., 2002; Rebesco and Camerlenghi, 2008) 
have been identified (Fig. 3.4); the plastered drifts 0, 1 and 2, from west to east. The Plastered Drift 
0 is located in the westernmost sector of  Le Danois Bank between 600 and 750 m water depth. 
The other two plastered drifts are located in the easternmost sector, the western one (Plastered Drift 
1) between 750 to 1100 m, and eastern one (Plastered Drift 2) between 1,100 and 1,550 m. They are 
all characterised by a mounded shape with a relief  of  about 40 m (Fig. 3.14). They are acoustically 
characterised by a stacking of  aggrading stratified packages, locally proggrading, of  mean to low 
reflectivity that reach up to 100 ms average thickness. The Plastered Drift 0 is 12 km long and 5.5 km 
wide. It displays a SE trend and ends southward against the Le Danois Moat (Fig. 3.4). The Plastered 
Drift 1 is 22 km long and 6 km wide with ENE trend. It ends sharply against the NW, and is bound 
by the Plastered Drift 2 and the Le Danois Moat towards the south. The easternmost plastered drift, 
the Plastered Drift 2, is about 20 km long and 6 km wide, showing a NE trend and extends downslope 
until the Le Danois Moat and Le Danois Leveed-Channel. Erosive scour alignments are observed 
over this last plastered (Fig. 3.4) with a NE and ENE trend. They are between 28 and 5.5 km in 
length and show a maximal vertical incision of  about 5 m deep over width of  1,250 m.

Sediment waves
A well-developed lingoid sediment wave field has been identified within the Gijón Drift (Fig. 3.4). 
This sediment waves field (4,060 km²) is located in the western area, south of  the Vizco High, from 
850 to 1,300 m of  water depth. Here, the sediment waves are migrating towards the SE, displaying 
wave lengths between 750 and 1,200 m, wave heights between 30 and 75 m, and lengths from 400 
to 3,600 m (Fig. 3.15). 

3.3. Morphosedimentary features

Figure 3.13: The Le Danois Drift within the northern palaeobasin. Note the upslope migration of  the drift deposits. 
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Figure. 3.15: Morphology in plan view (shaded mean depth image) and topographic profiles of  the sediment waves in 
the Gijón Drift.

Figure 3.14: Plastered Drift 1 on the southern flank of  the Le Danois Bank flank.
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3.3. Morphosedimentary features

Moats
Two erosive moats have been identified: the Gijón and Le Danois moats. The Gijón Moat is bound 
to the north by the Gijón Drift and to the south by the Asturian open upper slope. It is the upslope 
prolongation of  the Gijón Canyon, has a NW-SE trend, and is about 45 km long and 1 to 4 km 
wide. It starts from 1,100 m water depth in the west, having an incision of  200 m, up to 400 m water 
depth. In the east, close to the Lastres Canyon, it has reached 30 m of  incision (Fig. 3.4). The Le 
Danois Moat is bound to the north by the Le Danois Bank and to the south by the Le Danois Drift. 
This moat displays a WNW-ESE trend and deepens from 800 to 1,500 m water depth toward the 
east. It is approximately 48 km long and has a variable width, between 2.8 and 0.8 km. The relief  
is also variable; in the proximal reaches, the incision is 75 m and increases to 105 m in the central 
reaches to decrease again to 98 m in the distal reaches. The moat floors are defined by a higher 
reflective surface than the drift ones. The internal seismofacies of  moats comprise medium-high 
amplitude, discontinuous stratified and chaotic facies that onlap U-shaped surfaces of  high ampli-
tude displaying numerous cut-and-fill features (Figs. 3.12, 3.13 and 3.16). These types of  deposits 
are also vertically stacked, showing an upslope migration.

Figure 3.16: A) The Le Danois Drift, Le Danois Moat, and plastered drifts 1 and 2 on multibeam bathymetry plot of  the 
southern flack of  the Le Danois Bank. See the scar slides in the inner face of  the Le Danois Moat; and B) seismic across 
the Le Danois Moat with a slide in the inner face (location in A).
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3.3.2.4. Pockforms

‘Pockform’ was defined by Iglesias et al. (in press) to describe that pockmark-like seabed depression 
which not conform to the accepted definition of  pockmark (Judd & Hovland, 2007). Pockforms of  
up to 1 km across and 50 m deep that have been identified in the Landes Plateau (Fig. 3.4), between 
1,200 to 2,000 m water depth, in an area where the slope gradient ranges between 0.1º and 3°. 
They appear as non-truncating V-shaped features in the subbottom sediments (Tab. 3.1) and locally 
are associated with fluid-related acoustic anomalies (chimney-shaped acoustic blanking), and with 
diapirs and other structural and sedimentary features. Three types are differentiated based on their 
plan-view morphology: elongate (sub-circular), irregular and circular. The elongate pockforms are ellip-
tical in plain view with the long axes being orientated NE-SW. The average dimensions are about 
1 km (short axis) by 1.5 km (long axis), but one larger one (2 x 4.5 km) has been identified. These 
features are aligned to form chains with the same orientation (NE) as the long axes. In cross section 
they display a mainly-symmetric V- to U-shape (Tab. 3.1). Pockforms with this morphology are 
confined on the northwestern sector of  the plateau. The irregular pockforms are the most abundant 
and form clusters that result in an irregular seabed over an area of  tens of  square kilometers in the 
high (shallower) part of  the Landes Plateau. In cross section these depressions display an asymmetric 
V-shape, and are somewhat larger than 2.5 km in diameter and deeper than 40 m (Tab. 3.1). The 
thickness of  stacked V-shaped levels is relatively constant. These features occupy the area where a 
structural basement ridge (Txipiroi Ridge in Ferrer et al. 2008a) is closest to seabed, where they affect 
near-surface parallel stratified sediments (Fig. 3.4). The circular pockforms are randomly distributed 
in the Landes Plateau (Fig. 3.4). On average these features are 1 km in diameter, 35 m deep, and 
symmetrically V-shaped in cross section, although some asymmetric examples were also found (Tab. 
3.1).

Table 3.1: Compilation of  morphologic characteristics of  pockmark-like seabed features. Plan views show details of  
multibeam records. The locations of  sections are indicated on the plan views file (yellow for bathimetric sections and red 
for seismic sections). The diameters and reliefs are average values calculated from all features of  each type. The TOPAS 
seismic section row shows an example of  each pockform type.
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3.3.2.5. Mass-movement deposits

Here, term mass-movement is defined as the movement of  sediment driven by gravity and involves 
different types of  instabilities, from slides to gravity flows and turbidity currents (Hampton et al., 
1996; Locat & Lee, 2000). They characterise the near-surface sediments of  the canyons (in both 
walls and floor), proximal open slopes, intra-slope plateaus and basins, and walls of  the Le Danois 
Bank (Figs. 3.4 and 3.17).

Slides are easy recognizable as slightly to highly deformed, back-rotated, stratified and chaotic masses 
resting at the base of  a steep scarp (i.e. the slide scar) that displays an arcuate shape in plan view 
(Figs. 3.4, 3.8B, 3.11, 3.16 and 3.17). Slides tend to be rotational and are usually associated, forming 
multiple slides. The head of  the smaller-scale slides is a main scar, whereas the larger slides seem to 
be composed of  multiple rotational scars that display an amphitheatre-like failure surface (Fig. 3.18). 
Slides are common on the borders of  the canyons walls and steep open slopes (Figs. 3.4, 3.17A. 
3.17B and 3.18) where commonly show this retrogressive character that is thought to be one of  
the erosive processes responsible for canyons formation. Slides are also found affecting sedimentary 
structures with pronounces relives as mounded drifts of  the Asturian intra-slope basin and levees, as 
occurs in the Capbreton and Lastres levees (Fig. 3.11). Slides of  the Gijón and Le Danois drifts gene-
rate a rough seafloor characterised by arcuate and semicircular slide scars associated to deformed 
sediment (Fig. 3.16). These scars have the tendency to coalesce forming multiple slides, creating 
large areas of  erosion, locally displaying a downslope oriented amphitheatre-like failure surface, 
and sediment masses with a slightly to highly deformed seafloor. Their size is variable, ranging from 
tens to hundreds of  kilometres. Isolated slides are also identified on smooth open slopes, the area 
with back-rotated stratified deposits (depletion area) evolves downslope to a depositional area where 
chaotic deposits with a rugged seafloor are identified (Fig. 3.17E). This means that sediment sliding 
has resulted in deformation and disruption of  the slide material (Masson et al., 1993). Then, these 
slides would represent slides and associated mass-flows deposits.

The most widespread type of  deposit driving by mass-movement are the mass-transport deposits 
and open slope deposits. The mass-transport deposits are defined as deposit that cannot be associated 
with a defined type of  mass-movement because they probably results from complex events involving 
elements of  slumping and mass-flows (Figs. 3.4, 3.17C, 3.17D, 3.17G, 3.17F and 3.19). This type of  
mass-movement deposits characterises mostly the proximal open slopes, the canyon walls and floors, 
and locally the intra-slope platforms (Fig. 3.4). In the canyons they appear as incoherent stratified, 
chaotic, transparent and hyperbolic facies forming an irregular and undulating seafloor surface 
(Figs. 3.8A, 3.11A, 3.17C and 3.18). On the proximal open slope they form a sub-tabular unit (< 10 
m thick) of  unconsolidated sediments defined by contorted, deformed, and discontinuous stratified 
facies; locally, this unit shows a hummocky seafloor surface (Figs. 3.17E and 3.17F). Internally, major 
failure planes are not evident, but the seafloor surface shows isolated and smooth surficial erosive 
scarps (metre-scale relief) resembling shallow failure scars (e.g. shallow bedding plane detachment). 
The basal surface of  this unit of  unstable sediments is a horizontal plane that parallels the underlying 
stratified deposits, and locally overlies unconformably ancient canyon-fill deposits and undefined 
erosive surfaces. Mass-transport deposits with similar characteristic also occur in some distal areas 
of  open slope, especially those with steep slope gradients. In the southern wall of  the Le Danois 
Bank, unstable sub-tabular sedimentary packages with discontinuous to chaotic facies are common. 
They contribute to fill the intra-slope basin. Mass-transport deposits are also identified in intra-slope 
plateaus and basins (Asturian Plateau, Landes Plateau and Santander Promontory). They form kilo-
metric lenticular bodies of  transparent facies with a basal erosive surface and interbeded in stratified 
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Figure 3.17: Mass-movement deposits in the upper continental slope. A) Slides in the proximal upper slope adjacent 
to the shelf-break in front of  Santander; B), C) and D) mass-transport deposits in submarine canyons (walls and floor); 
E) mass-transport deposits on the proximal open upper slope of  the Asturian Plateau; F) mass-transport deposits in the 
southern wall of  the Le Danois Bank; and G) open slope deposits on the gentle seafloor of  the Landes Plateau.
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Figure 3.19: A mass-flow deposit interbeded in the open slope deposits of  the Asturian Plateau.

Figure 3.18: A set of  retrogressive slides on the right wall of  the Gijón Canyon.

3.3. Morphosedimentary features

facies (Fig. 3.19). They fill uniformly the paleotopography contributing to obliterate the palaeo-relief. 
The open slope deposits characterise the gentler sector of  continental slope, i.e. marginal plateaus (Fig. 
3.4), and comprise turbiditic deposits interbedded with hemipelagites forming a smooth seafloor 
surface. They are internally characterised by agradational, parallel stratified facies with reflections 
of  high lateral continuity and by the lacking of  erosive internal surfaces (Fig. 3.17G). This type 
of  deposits is locally interrupted by mass-flow deposits. They appear as lenticular to monticular 
bodies (up to few kilometers long and less than 4 ms thick) bounded at the base by erosive surfaces. 
Acoustically, they are defined by chaotic to transparent facies (Fig. 3.19). 
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3.3.3. In the lower continental slope

The escarpment face that defines the lower continental slope is mostly characterised by a combina-
tion of  numerous linear to slightly sinuous and narrow features perpendicular and oblique to the 
regional slope as occurs in the northern wall of  the Le Danois Bank and north-western wall of  the 
Landes Plateau (Figs. 3.4 and 3.20). These features represent positive and negative relief  of  tens to 
hundreds metres, which can be interpreted as sharp ridges separated by scoop-shaped scarps, slide masses 
and gullies (Fig. 3.20A). Some of  these features terminate on the face of  the escarpment as hanging 
features and others evolve basinward to lobe deposits (at least up to 6 km long, 4 km wide) (Fig. 3.20B). 
The depositional lobes stop at the boundary between the continental slope and the continental rise, 
although the large ones are slightly downslope from this boundary (< 2 km). The seismic profiles 
with different degrees of  resolution display similar acoustic facies, which are defined by hyper-
bolic and prolonged facies without acoustic penetration that must be related to steep gradients 
of  that seafloor. Locally, in sectors of  the lower continental slope where gradients are smoother, 
the easternmost sector of  the northern wall of  the Le Danois Bank and the northern wall of  the 
Santander Promontory, the seafloor displays acoustic penetration, and isolated and multiple slides and 
mass-transport deposits are identified (Fig. 3.4A). They show similar features (morphology and acoustic 
facies) to those described for the upper slope, and their facies are defined by deformed and disrupted 
stratified, chaotic and hyperbolic facies. The surrounding undeformed sediment comprises parallel 
continuous stratified reflections.

Figure 3.20: Morphosedimentary features in the lower continental slope. A) Multiple slides in the upper part of  nor-
thern wall of  the Le Danois Bank; and B) scars, rills and gullies, slides and lobe deposits at the foot of  northern wall of  
the Le Danois Bank.
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3.3.4. In the continental rise 

This continental rise is complex due to the development of  the distal part of  the Cap Ferret Fan 
(Crémer, 1981, 1982, 1983; Faugères et al., 1998; Crémer et al., 1999) (Fig. 3.4). The new data, in 
combination with previous published data, give new insights into this part of  the fan and indicate 
that it is formed by a great variety of  morphosedimentary features: turbiditic channels, spoon-
shaped scours, sediment waves, and mass-movements (Figs. 3.4 and 3.21).

Figure 3.21: The main morphosedimentary features identified on the continental rise. A) 3D plot of  multibeam (shaded 
mean depth) showing the plan view of  turbiditic channels of  continental rise; B) channel fill and overbank deposits of  
Cap Ferret Channel; C) colour gradient record from multibeam showing scours and minor subsidiary channel on the 
channel lobe transition zone; and D) debrites and turbidites that floored the continental rise.

3.3. Morphosedimentary features
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3.3.4.1. Turbiditic channels

The turbiditic channels consist of  (i) the Capbreton-Santander and Torrelavega turbiditic channels; 
(ii) the Cap Ferret Channel; and (iii) a minor subsidiary channel (Figs. 3.4 and 3.21).

The Capbreton-Santander and Torrelavega turbiditic channels results from the downslope evolution of  the 
entrenched talwegs coming from the Capbreton, Santander and Torrelavega canyons. When they 
reach the continental rise, they become smaller, branch, and display a sinuous pattern (Fig. 3.21A). 
The channel that evolves from the ancient talweg of  the Santander and Capbreton canyons is also 
present in the continental rise, where it extends down to 4,000 m water depth, showing a semicir-
cular pathway running toward the west. The modern channel displays a NNW-SSE direction that 
changes toward the west and reaches the Jovellanos High. Around this point, the channel coalesces 
with that of  the Cap Ferret Channel. The Torrelavega Channel is traceable just before it reached 
the Jovellanos High. 
 
The Cap Ferret Channel mapped here corresponds to the northern Cap Ferret Channel of  Faugères et 
al. (1998) (Fig. 3.4). Those authors differentiated two main distributary channels in the study area, 
northern and southern. However, the new data, especially those obtained with the swath bathyme-
try, show that only one main channel (the northern channel) is present. It results from the confluence 
of  at least three tributaries with NE-SW and E-W directions coming from the French continental 
margin. This turbiditic channel reaches the continental rise and shows changes in direction from 
NE-SW to E-W when it borders the northern flank of  the Jovellanos High, to again NE-SW. The 
channel course is defined by a trough 5.5 km wide and several thousand metres in relief, and locally 
it is entrenched by a talweg (about 1 km wide and < 100 m in relief) when it flanks the Jovellanos 
High. When the channel goes over the high, the channel trough disappears, and the course opens 
without showing a clear talweg incision. Acoustically the channel floor is defined by transparent 
acoustic facies bounded by a highly reflective and irregular surface on the top and an erosive surface 
that truncates the underlying stratified facies. The facies display tabular, wedge or mounded sha-
pes in transverse and oblique sections. Likewise, chaotic and hyperbolic facies are identified on the 
channel floor (Fig. 3.22). 

The minor subsidiary channel refers to the isolated channel identified in the westernmost sector of  the 
surveyed continental rise, which runs parallel to the escarpment of  the lower continental slope (Figs. 
3.4 and 3.21C). Its head is represented by a semicircular scarp (≈ 8 km wide, tens of  metres in relief) 
with a sinuous boundary that evolves downslope to a linear channel that branches 10 km downslope 
from the head. Two branches run toward the NW and the third one continues westward, all outside 
the limits of  the study area. This channel would correspond to the southern main distributary chan-

Figure 3.22: The Cap Ferret Channel affected by mass-flow deposits and slides.
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Figure 3.23: Erosive scours developed on the channel-lobe transition zone of  the Cap Ferret Fan

nel defined by Faugères et al. (1998). The new data of  multibeam bathymetry have allowed it to be 
outlined with confidence and to be considered as a minor order distributary channel.

3.3.4.2. Spoon-shaped scours

These scours occur just past the Jovellanos High, downslope from the confluence zone of  the Cap 
Ferret, Torrelavega and Santander talweg incisions (Figs. 3.4, 3.21C and 3.23). The scour area ex-
tends about 107 km in length. The scours are about 5 km wide, 20 m in relief, and up to 15 km long. 
They have the tendency to coalesce, creating large areas of  erosion. In cross-sections, they have an 
asymmetric V-shaped profile, with the steeper and shorter side facing downslope. The seafloor of  
the scours is irregular and truncates the nearsurface stratified and transparent deposits, indicating 
what seems to be an area of  intense erosion. Acoustically this seafloor is mostly defined by hyperbo-
lic echoes of  high reflectivity.

3.3.4.3. Overbank deposits

The Cap Ferret Channel is bordered by an overbank deposits on its northern side that define a stri-
king levee; the Cap Ferret Levee according with Crémer, (1981, 1982, 1983) (Figs. 3.4, 3.21A, 3.21B 
and 3.22). It is an asymmetric ridge (at least 120 km long) with the outer face wider (> 43 km) than 
the internal face (≈ 7 km). The relief  is > 500 m high, decreasing progressively to disappear at 
about 4,600 m water depth. The internal seismofacies comprise mostly stratified facies, and also 
chaotic and hyperbolic facies. The crest of  the levee is defined by a narrow (7.5 km), flat-lying sum-
mit. Overbank deposits also develop associated to Capbreton-Santander and Torrelavega Turbiditic 
Channels (Figs. 3.4 and 3.21A). This leveed deposits display identical seismofacies of  Cap Ferret 
Levee, but of  minor scale.

3.3.4.4. Sediment waves

The sediment waves occur on the northern face of  the Cap Ferret Levee, where the gradients vary 
from 0.4º to 0.1º across the wave field. The multibeam bathymetry shows that the crests of  these 
waves are sinuous with bifurcations and roughly parallel to the regional slope (Figs. 3.4 and 3.24). 
Though there are no seismic lines that cut perpendicularly to the crestlines, the morphological mea-
surements made on waves indicate that their dimensions are variable, with a wave height of  1-25 m, 
and a wave length of  534-2,600 m. They are asymmetric and generally the steeper and shorter flank 
faces upslope. The stratigraphy of  the sediment waves is mainly defined by parallel to subparallel 
stratified facies. Lateral thinning and thickening of  individual layers is observed, with individual 
layers thinning on the downslope flank leading to their pinch-out. This results in an upslope migra-
tion, although some vertical aggradation is also observed.

3.3. Morphosedimentary features
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3.3.4.5. Mass-movement deposits

Mass-movement deposits occur on the southern face of  the Cap Ferret Levee, where slides and 
mass-flows are the most representative types. Their occurrence leads to the presence of  scarps and 
disrupted and contorted sediments forming an irregular seafloor. They extend downward from the 
upper part of  the face and reach the channel floor (Figs. 3.4, 3.21 and 3.22). 

Mass-movement deposits also characterise the continental rise deposits, and comprise mass-flow 
deposits and sheet-like turbidites. The mass-flow deposits look like debris flow deposits and consist of  
lens- or wedge-shaped masses with an internal acoustic transparency and seafloor tangent hyper-
bolas and prolonged echoes in the surface (Figs. 3.21 and 3.22). It is not always possible to identify 
the individual lenses or wedges, but when it is their upper surfaces display mostly a convex-upward 
morphology and their lower boundaries are horizontal, whereas others show a V-shaped depression 
at their base. Individual bodies range from tens to hundreds of  metres in length, and are tens of  mi-
lliseconds in thickness. Their upper surface laps onto the underlying sediments that comprise similar 
bodies and/or sheet-like turbidites. 

The sheet-like turbidites are characterised by discontinuous and continuous stratified reflections of  
high acoustic amplitude (Fig. 3.21). The continuous ones are characterised by individual reflectors 
of  high-medium amplitude and high lateral continuity. The discontinuous ones comprise individual 
discontinuous reflections of  low to high acoustic amplitude that show traces of  paralleling reflec-
tions.

Figure 3.24: Turbidite sediment waves on the external face of  the Cap Ferret Levee.
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3.4. Recent sedimentary processes
The new morphological map allows to investigate the sedimentary processes responsible for the 
distribution of  sediment in Cantabrian Margin. The new data also give information about linkages 
between the processes and sedimentary deposits. All these facts can be translated in to the spatial 
evolution of  the sedimentary processes and controlling factors, within the entire sediment dispersal 
pattern trough the continental margin, from continental shelf  to rise.

3.4.1. Intense erosion in the continental shelf

Erosion seems to be the dominant sedimentary process on the Cantabrian Continental Margin, 
which is why there is no preservation of  recent sedimentation, at least on the outer shelf. Several 
morphological, acoustic and sedimentological evidences support this interpretation: 

i) The shelf-break is sharp. It does not display the typical ramp shape in cross-sections and bulges 
in plan view that tend to be indicative of  prograding sediments making up the recent sedi-
mentary architecture of  other continental shelves of  Iberian margin (Farran & Maldonado, 
1990; Ercilla et al., 1994a, 1994b; Chiocci et al., 1997; Hernández-Molina et al., 2002) (Figs. 
3.4 and 3.5C).

ii) The seismic profiles show outcropping folded and fractured deposits (Figs. 3.5A, 3.5C, 3.5E 
and 3.5D). The surficial sediment map obtained from the literature indicates that the out-
cropping material is Cretaceous and Miocene in age (Vigneaux, 1974).

iii) Only one wedge-shaped body with prograding sediments is identified, and its location is limi-
ted to the shelf-break (Fig. 3.5C). 

It is proposed that the interplay of  the relatively narrowness of  the continental shelf  with the Plioce-
ne–Quaternary sea-level changes have favoured the absence and/or no preservation of  recent shelf  
sediments. This interplay has been also proposed in other continental shelves of  the Iberian margin 
(Farran & Maldonado, 1990; Ercilla et al., 1994a, 1994b; Chiocci et al., 1997; Hernández-Molina et 
al. 2002; among others). The relatively narrowness of  the shelf  favoured that most of  the hinterland 
sedimentary discharge was deposited on the continental slope during sea level falls and lowstand 
stages. The multiple Plio-Quaternary shoreline regressions exposed successively and repeatedly the 
continental shelf, favouring incision of  streams, nearshore erosive processes during the sea-level mi-
grations across the shelf, and subaerial erosive processes during shelf  exposure. In this scenario, the 
shelf-margin deposits represent deposits compound by residual regressive deposits formed during 
the late Pleistocene lowstand stages.

The combination of  these erosive processes produced a widespread truncated and high-reflectivity 
surface. The outcropping of  different stratigraphic units, and consequently of  materials with diffe-
rent hardnesses or degrees of  consolidation, favoured local differences in the rate of  seafloor erosion 
and therefore the presence of  isolated morphological highs (Figs. 3.4, 3.5A and 3.5E). This erosive 
nature of  the seafloor is only interrupted in the westernmost sector of  the inner shelf, where trans-
parent modern sediments with wave morphology are identified (Fig. 3.5B). Their acoustic nature in-

3.4. Recent sedimentary processes
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dicates that they represent a highstand mud drape formed by modern shelf  sediments coming from 
short-river discharges and/or hinterland erosion. Their wave morphology suggests seabed rework 
related to hydrodynamic processes (e.g. westward coastal/shelf  currents) that control the modern 
sediment redistribution.
 

3.4.2. Intense slope failure in the continental slope and local ocea-
nographic and fluid dynamic imprints.

Sedimentary processes occurring on the surveyed area are mostly associated with slope failures such 
as slides, mass-transport deposits (a mix of  slumping and mass-flows) and turbidites. Also, oceano-
graphic bottom currents interact locally with the Vizco High and the Le Danois Bank, and disrup-
tion driving by deep fluid dynamics occurs in the Landes Plateau.

3.4.2.1. Slope failures

The continental slope of  the Bay of  Biscay is an area of  intense slope failures. Three main regions 
of  slope can be characterised based on the variability and distribution of  types of  mass-movement: 
(i) submarine canyons and (ii) upper open slope (proximal open slope and adjacent platforms) and 
(iii) lower open slopes.

The failure styles in the submarine canyons include sliding and mass-transport (Figs. 3.4, 3.6, 3.7, 3.8, 
3.10, 3.11, 3.17 and 3.18). The large and small-scale canyons appear to have resulted from retro-
gressive failures, which seem to begin on the lower margins of  the canyon walls, where multiple and 
individual slide failures are recognized. In other hand the characteristics of  the upstream incision 
of  the submarine canyon observed in the outer shelf  (Fig. 3.8A) together with its location coinciding 
with the major discharge points suggest that the beginning of  upstream canyon have resulted from 
the encasement of  the fluvial discharges during low stand stages. The slide scar orientations toward 
the canyon, their arcuate shape in plan view, and the less upward translational displacement of  the 
multiple slides all suggest their retrogressive displacement. Their occurrence seems to be associated 
with the steep slope gradients of  the canyon walls. The evacuation of  material and/or undercutting 
that occurs there lead to the loss of  downslope support and shear strength of  the immediately 
upslope sediment, which increase the likelihood of  sliding. Similar observations have been reported 
in other areas (Klaucke & Cochonat, 1999; Casas et al., 2003; Mosher et al., 2004). These slides will 
have moved through the walls down to the canyon floor, evolving to mass-transport processes and 
turbidity currents (Fig. 3.17D). The mass-transport processes lead to the depositing of  sediment 
on both the walls and floors, with no indication of  an internal structure and a very rugged surface. 
The passing turbidity currents form a well-defined talweg in the canyon floor that in the middle and 
distal reaches commonly looks like a sinuous channel (Figs. 3.4 and 3.6B) flanked by semicircular 
terrace-shape deposits originated by overflowing of  the passing turbidity currents (Figs. 3.4 and 
3.7). These sedimentary processes (failure and mass-wasting) occurring in the submarine canyons 
and related network of  gullies contribute to drainage the deep environment. Overflowing turbidity 
and related flows running along the canyons are also responsible for the construction of  large sca-
led levees, such the Capbreton Levee and Lastres Levee, wich are an integral part of  the platforms 
flanking the canyons (Figs. 3.4 and 3.11).
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The failure styles on the open slope are mostly different. It also involves short and long movements, 
from sliding to mass-flow and turbidity currents, but these processes follow a different pattern to 
that proposed to submarine canyons. Slides are scarce in open slope although locally they are also 
identified (Figs. 3.4, 3.17A and 3.17E) as occurs in the French and Asturian proximal upper open 
slopes and in the Le Danois Bank. In these areas the masses do not appear to have been transported 
over significant distances; in fact, their acoustic features seem to show evidence of  initiation of  mo-
vements of  the material. They are slightly deformed and disrupted and are also locally affected by 
surficial failure events that have exhumed material and whose presences suggest the occurrence of  
areas of  slab removal. The triggering mechanisms is unknown but tentatively it can be considered 
several factors (or even interplay among them), such as the lower boundary acting as weak layer that 
fails downslope, seismicity (Engdahl & Villaseñor, 2002), oversteepening, and faulting and deforma-
tion of  the buried sediments on which they are resting (locally they cover canyons-fill deposits). More 
high- and very high-resolution acoustic data, especially multibeam data, are necessary to a better 
characterisation and understanding of  these masses. In other areas the masses appears to have 
been transported over significant distances (up to 100 km along intra-slope platforms and basins). 
The transportation of  material occurs by a combination of  sedimentary processes that commonly 
begins with a minor sedimentary instability and end in the deposition of  low density flows. The 
source areas where the instability occurs are the shelf-break, the upper open slope or intra-slope 
outcrops, i.e. area where the slope gradients are high and in which instabilities can occur easily. The 
initial instability (slides, etc..) moved down the slope and enters into the platform floor, evolving to 
mass-transport processes and turbidity currents generating a distal subtabular open slope deposits 
composed by turbidites and mass-flow deposits with hemipelagites interbeded (Figs. 3.17G and 
3.19). Due to the topography the mass-flow and turbidity currents can be forced to flow confined. 
In this case generate a stable turbiditic channels with associated levees and overbank deposits (as Le 
Danois Leveed-Channel) (Figs. 3.4 and 3.6C). Likewise, the unconfined turbidity currents are res-
ponsible of  the open slope deposits (Fig. 3.17G). In this sense, they would be associated with primary 
deposition from low density turbidity flows that run unconfined along these wide and gentle sectors 
of  slope. When these currents do not occur, hemipelagic rain-fall characterised the sedimentation 
on these sectors. The low/high reflectivity of  the deposits is respectively associated with a finer/
coarser nature of  the unconfined turbidity currents; the low reflectivity could be also associated 
to the hemipelagites. On the other hand, these processes would be sporadically affected by the 
occurrence of  unchannelized mass-flows that deposist lenticular bodies of  mas-flow deposists that 
interrupt of  the vertical stacking of  the turbidites and hemipelagites. Therefore, the seafloor and the 
subbotom facies of  these planar areas locally show the presence of  small channels related to some 
channelized flows, as occurs in the south part of  the Landes Plateau (Fig. 3.9).

Finally, the steep lower open slopes are also affected by failures, although the styles and types of  de-
posits are different from those of  the upper slope (Figs. 3.4 and 3.20). The geomorphology and 
acoustic facies observations suggest that this steep slope resembles a scarp affected by mass-wasting 
processes, and that the products of  this erosion are deposited down to the slope break as low-relief  
bodies (Fig. 3.20B). These deposits must have formed a system (Stow & Mayall, 2000) in which sli-
des (Fig. 3.20A), mass-flows and short turbidity currents eroded the seafloor forming rill and gully 
topography, scoop-shaped scars, slide masses and depositional lobes. The erosion activity of  this 
mass-wasting seems to be greater in those sectors where the seafloor gradients are higher (>20º). 
Here, recently deposited sediment would be prone to failure, sliding and transport downslope. The 
lack of  acoustic penetration observed in this sector could be related to the occurrence of  this type 
of  sedimentary processes, although the fact that the high slope gradients affect the acquisition and 
performance of  the seismic systems must also be considered. As the gradients decrease eastward 
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(to 3º), the acoustic penetration increases, the areas affected by the erosion activity of  mass-wasting 
processes decrease, and the outline of  their resulting near-surface deposits improves significantly. In 
this case, slides and mass-transport deposits predominate (Fig. 3.4). 

3.4.2.2. Bottom current activity. Inferring the Mediterranean Outflow Water dynamic 

The continental slope also displays the oceanographic imprint in its morphology. The action of  
bottom currents has favoured the development of  contourites at the foot of  the Le Danois Bank 
(southern side) (Figs. 3.4 and 3.12). Its action has led to the formation of  different sedimentary featu-
res paralleling the trend of  the bank, on its southern side. This bottom current is associated with the 
MOW that flows between 600 and ≈1,500 m water depth (Iorga & Lozier, 1999). The development 
of  these sedimentary bodies is the result of  interaction between the MOW and the local topogra-
phy. With this interaction the MOW reach up to velocities that are enough to erode and transport 
the seafloor sediment. The Le Danois Bank represents a large obstacle within the eastward MOW 
flow. The presence of  the Le Danois Bank could introduce isopycnal doming in the upper part of  
the MOW and separation of  its flow into two major branches. Similar processes have been repor-
ted in other locations; involving the MOW, as occurs in the Galicia Bank (Iorga and Lozier, 1999) 
and the Guadalquivir Bank (Hernández-Molina et al., 2003; Llave et al., 2007) and involving other 
water masses (Davies & Laughton, 1972; Roberts et al., 1974; Stoker, 1998; Hernández-Molina et al., 
2006; Howe et al., 2006). In a similar way, but on a smaller scale, the occurrence of  the Vizco High 
(Fig. 3.4) represents also an obstacle to the eastward MOW flow. As such, it is proposed both the 
Le Danois Bank and Vizco High influence the MOW flow to separate into three different branches 
between 400 and 1,500 m of  water depth: a northern, central and southern branch (Fig. 3.28). 

A northern branch of  the MOW flows along the northern flank of  the Le Danois Bank (Fig. 3.28). 
However, based on the present available data, it cannot be substantiated any depositional or erosive 
evidence of  this branch, although here the MOW occurrence is determined by the present ocea-
nographic data. The southern branch, located between the Vizco High and the proximal domain 
of  the upper slope flows along the Gijon Drift and Moat, while the central branch flows between 
the Vizco High and the Le Danois Bank, creating the Le Danois Drift and Moat (Fig. 3.28). The 
southern branch of  the MOW is forced to flow upslope, while the central branch flows along the 
southern flank of  Le Danois Bank and is constricted along the intra-slope basin (Fig. 3.28). Further 
in the intra-slope basin, it seems to turns towards the northeast, bordering the backside of  Le Danois 
Bank, where finally joins the northern branch of  the MOW. South of  the Vizco High, the western 
sediment wave field is observed (Fig. 3.16), effectively indicating a strong bottom current flow whe-
re the southern branch of  the MOW impinges on the seafloor. Afterwards, this branch flows right 
confined into the tectonic Gijón Canyon that runs WNW-ESE along the proximal domain of  the 
upper slope. In this situation the current is accelerated generating enough turbulence as a helicoidal 
flow to progressively erode the bedrock and gravitational deposit that constitute the southern flank 
creating the Gijón Moat (Fig. 3.28). The eroded sediment is incorporated into the southern branch 
and deposited building up the Gijón mounded elongated and separated Drift at its left-hand side 
(Fig. 3.10). The expression of  the Gijón Moat and mounded Drift ends at the same upper limit of  
the MOW at 400 m. The interaction of  branches and filaments of  water masses that are forced to 
flow upslope has been reported in other places (Van Rooij et al., 2003). Theses studies have stated 
that the interaction with seafloor topography is the main controlling factor. 
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The presence of  the Le Danois Drift and Moat, as well as the occurrence of  plastered drifts 0, 1 and 
2 indicates the existence of  the central branch of  the MOW (Fig. 3.4, 3.28). This branch must be 
forced to accelerate while crossing the intra-slope basin in a W-E direction, reaching velocities high 
enough to erode or transport sediment (Ercilla et al., 2008a). At the boundary between the Le Danois 
contouritic deposits and the Le Danois Leveed-channel, this central branch loses the contact with 
the seafloor and returns to a SW-NE flow, converging with the northern MOW branch. The inte-
raction between the central branch and the Le Danois Bank starts on the south westernmost flank of  
the Le Danois Bank where the Plastered Drift 0 is deposited in water depths between 600 and 750 
m. By definition, plastered drifts are created by a broad non-focused current on a gentle slope under 
low current velocities (Faugères et al., 1999; Rebesco, 2005). A possible causal mechanism for this 
deposit could thus be proposed through the interaction of  a broad upslope flowing part of  the cen-
tral branch, eroding the upslope part of  the Le Danois Bank. Additionally, fine-grained suspended 
matter pirated from the Aviles Canyon could also be deposited on the Plastered Drift. Unfortunately, 
the absence of  a detailed seismic architecture disables to gain an insight into the construction of  this 
deposit. The main influence of  the central MOW branch is observed within the intra-slope basin, 
where it has a W-E flow with enough turbulence to erode the nearsurface sediment, create the Le 
Danois Moat and deposit the sediment building up the Le Danois Drift (Fig. 3.28). Additional sour-
ces to feed the drift construction may be also considered. An important sediment source could thus 
be provided from the Aviles Canyon, which is located west of  the Le Danois contouritic deposits. 
Suspended sediment (nepheloid layers) escaping from the upper canyon could be pirated eastward 
by the MOW and deposited within the intra-slope basin. Likewise, gravitational processes affecting 
the southern flank of  the Le Danois Bank can contribute to supply the material building up the 
mounded drift. Another possible and more direct sediment supply could be expected from the shelf  
during regressive and lowstand (glacial) periods. With the increasing water depths towards the east, 
the influence of  the central branch of  the MOW on the Le Danois Drift progressively disappears. 
Plastered drifts 1 and 2 are located respectively between 750-1,100 m and 1,100-1,550 m along the 
southern Le Danois Bank flank. Consequently, they are most probably created due to the tabular 
behaviour of  the detached central MOW branch (Fig. 3.28). Moreover, the lower occurrence of  
the Plastered Drift 2 coincides with the interface between the MOW and the NADW (LSW) at 
1,500-1,550 m and also the transition between Le Danois contourites and the Le Danois Leveed-
Channel. Fine-grained material escaping from the contouritic deposits could be transported to the 
plastered drifts. Another possible sediment source, mainly for Plastered Drift 2, are the overflowing 
plumes of  fine sediment from the Le Danois Leveed-Channel. 

The stratal pattern indicates that style of  growth has not changed over recent time although depo-
sitional processes have changed on several occasions, as it is suggested by the presence of  internal 
unconformities (downlap and erosive surfaces) that indicate that the activity regime of  the MOW 
has varied over time (Figs. 3.12A, 3.12B and 3.13). Likewise, the fact that the unconformities are 
traceable through and along the contouritic deposits suggests that MOW changes have been of  
regional-scale. It is widely known that recent sedimentary evolution of  the Iberian continental mar-
gins has been controlled by climatic sea-level changes (Farran and Maldonado, 1990; Ercilla et al., 
1994a, b; Chiocci et al., 1997; Weaver et al., 2000; among others), which have also been considered a 
controlling factor in the sedimentation on the continental shelf  of  the Bay of  Biscay (Crémer, 1981; 
Faugères et al., 1999; Zaragosi et al., 2000, 2001; Mojtahid, 2004; Mojtahid et al., 2005; Toucanne 
et al., 2008; among others). These variations in sea level could have affected the competence of  the 
MOW by means of  variations in the thickness and characteristics of  the MOW masses and/or in 
the sediment supply for bottom-current transport. Sedimentary structure displayed by the high-me-
dium resolution seismic profiles show that the role played by bottom currents was more important 
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Fig. 3.25: Present-day local oceanographic behaviour of  the MOW inferred from morphological features, including the 
main structural, depositional and erosive features.
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in ancient times. This is suggested because the nearsurface drift-moat overlies complex contouritic 
deposits formed by marginal moats, drifts, and sediment waves (Figs. 3.12A, 3.12B and 3.13). Their 
growth suggests that the paleocirculation pattern was more complex and affected a larger area of  
the intra-slope basin. The presence of  basement highs acted to obstacles to the bottom currents, 
generating distortions and eddies (vortices) in the streamlines of  the impinging bottom flows. These 
hydrodynamic features play an important role in the distribution and deposition pattern of  se-
diments around morphologic highs (Taylor, 1917; Roden, 1987; Hernández-Molina et al., 2006; 
Toucanne et al., 2007; among others). As sediment went infilling, covering and obliterating the irre-
gularities of  the acoustic basement, the hydrodynamic processes were less complex. More detailed 
stratigraphic analyses and studies of  the relationships with controlling factors are presented in the 
Chapter 4.

3.4.2.3. Fluid dynamics disruption 

For establishing the discussion of  the pockform origin, it is necessary to discuss morphosedimentary, 
structural and fluid dynamic evidences. Because of  that, it has been considered to create a new 
chapter, Chapter 5, which will be focussed to present and discuss with more detail all the geologic 
evidences that support their origin. 

3.4.3. Turbidity and debris flow bypass in the continental rise

The mapping of  the morphosedimentary features and seismic data show elements related to the dis-
tal part of  the Cap Ferret Fan (Crémer, 1981, 1982, 1983) (Figs. 3.4 and 3.21). The new data show 
that the elements identified in the study area correspond to a channel-lobe transition zone, so this 
region can be considered as a bypass region of  gravity flows. This fan has three main singularities.

The first singularity is that the tributaries of  this system are not only represented by the Cap Ferret 
leveed Channel; the overall drainage system includes this main channel and also the network of  
submarine talweg canyons (Capbreton-Santander and Torrelavega) that open into the continental 
rise as sinuous turbiditic channels (Figs. 3.4 and 3.21A).

The second singularity is that the Cap Ferret Channel has only developed one levee on its right side. 
The flows running along the Cap Ferret Channel and also those coming from Capbreton-Santander 
and Torrelavega canyons, all mixed have the capacity to overflow successively, contributing to the 
upbuilding of  the levee (Fig. 3.21B). The overflowing and spreading of  these currents following the 
maximum regional slope gradient has also favoured the formation of  sediment waves on its outside 
face (Figs. 3.4 and 3.24). That is to say, they represent primary depositional features rather than the 
product of  slope failures or other types of  post-sedimentary deformation. This is suggested by the 
upslope migration, their roughly parallel orientation to the regional slope, the presence of  crest bi-
furcation, and their exclusive location on the levee backslope face. The genesis related to the action 
of  bottom currents has also been rejected because any strong bottom current have been described in 
this area and most bottom current sediment waves have an oblique crestline orientation with respect 
to the regional slope, which is not the case here. 
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The third singularity is that this network of  drainage is constrained between the depression created 
by the single levee of  the Cap Ferret Channel and the steep slope of  the lower continental slope 
(Fig. 3.4). This depression with this drainage network must act as a “trunk channel” that feeds the 
region of  channel-lobe transition with turbidity currents and also debris flows. This is suggested by 
the generalized presence of  basinal sheet-like turbidites and debris-flow deposits. Flows transporting 
these sediments come mostly (or almost exclusively) from the “trunk channel”, although the lower 
continental slope and also the Le Danois and Jovellanos highs could also be considered as sources of  
unconfined mass-movements. However, the acoustic imaging of  these mass-movement deposits sug-
gests that here gravitational processes (slumps and mass flows) have a low efficiency in the sediment 
transport, so they deposit their sediment close to the source areas. 

The presence of  both debrites and turbidites, and the different types of  debris flow deposits defined 
according to their geometry and lower boundaries, indicates that the type and energy of  the pas-
sing flows were variable, with a different capacity to erode and/or deposit the sediment charge (Fig. 
3.22). Likewise, the presence of  erosive spoon-shaped scours suggests that the flow expansion region 
is associated with a hydraulic jump that occurs within the region of  the “trunk channel”, immedia-
tely beyond the Jovellanos High, where there is a break in gradient from 0.04º to 0.008º (Figs. 3.4, 
3.21C and 3.23). In other turbidite systems these jumps tend to occur just outside the main channel 
mouth (Normark & Piper, 1991; Kenyon et al., 1995; Kenyon & Millington, 1996). In the study area, 
the presence of  the Jovellanos High may constrict the passing flows, which would expand where they 
exceed the limits of  this high. The minor channel and amalgamated scours probably represented 
zones of  stronger erosive turbulence than individual scours (Wynn et al., 2002). These flows affected 
by hydraulic jumps in the channel lobe transition zone must deposit downslope, at water depths of  
at least 4,800 m, outside the limits of  the study area, where sandy lobe sediments have been defined 
by Crémer (1981, 1983, 1999). The plain shape of  these features suggests that the direction of  flow 
dispersal is toward the west and northwest, i.e, toward the Biscay Abyssal Plain (Fig. 3.4).
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Chapter 4. Seismic stratigraphy and 
sedimentary evolution from Late
Oligocene to Quaternary

4.1. Introduction and dataset 
Although few previous studies have dealt with the analisys of  the stratigraphy of  Cantabrian Con-
tinental Margin (Montadert et al., 1974; Vigenaux 1974; Dérégnaucourt & Boillot, 1982; Thinon, 
1999; among others), this work provides a more thorough seismic stratigraphic analysis due to the 
availability of  new higher resolution seismic data while also offering a new general perspective in 
where several detailed local seismic studies are integrated. 

The general aims of  this chapter are: 
- Establishing the stratigraphy and division hierarchy from Late Oligocene to Quaternary, 

- characterising the facies’ architecture, as well as the main structural features within the 
entire shelf-to-rise system, and

- analysing the sedimentary evolution of  the continental margin in a chrono-stratigraphic 
framework, in order to know the sedimentary products and the entire shelf-to-rise 
system’s response to tectonics, sea-level changes, sediments sources and oceanographic 
processes.

This study is based on the analysis of  single- and multi-channel airgun seismic reflection profiles 
recovered onboard the BIO Hespérides during the MARCONI cruises (Fig. 4.1). Other additional 
multi-channel seismic profiles (from SIGEOF and SHESA databases) are used as well. Multibeam 
bathymetry is also a useful tool for the interpretation of  sedimentary features (Fig. 4.1).
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Figure 4.1: Chapter dataset. Single- and multi-channel seismic profiles, and multibeam corridors recovered in MAR-
CONI cruises. Multi-channel data from SIGEOF and SHESA databases are also plotted. The location of  seismic 
records presented in the folowing figures are indicated (red lines).
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4.2. Seismic stratigraphy and chronology

4.2.1. Seismic boundaries an its proposed chronostratigraphy

The establishment of  a stratigraphic framework was based on the following criteria: a) previous seis-
mostratigraphic studies in the Bay of  Biscay that defined a relative chronostratigraphic framework 
(Cholet et al., 1968; Debyser et al., 1971; Montadert et al., 1971a, 1971b; Winnock 1971; Montadert 
et al., 1974; Vigenaux 1974; Dérégnaucourt & Boillot, 1982; Crémer, 1983; Faugères et al., 1998, 
2002; Thinon, 1999; Faugêres et al., 2002; Gallastegui et al., 2002; Thinon et al., 2002; Bellec, 2003; 
Pulgar et al., 2004; Gonthier et al., 2006; Ferrer et al., 2008a; Bellec et al., 2009) (Tab. 4.1); b) indirect 
correlation with chronostratigraphic boundaries defined in the neighbouring continental margins 
around Iberia (e.g., Wilson et al., 1989; Dañobeitia et al., 1990; Ercilla et al., 1994a; Maldonado et 
al., 1999; Alonso & Maldonado, 1992; Alves et al., 2003; Ercilla et al., 2008b); and c) a theoretical 
link between discontinuities and the third-order sea-level changes and sequence stratigraphy models 
which offers a scenario integrating discontinuities, sedimentary sequences, eustatic sea-level curve, 
climatic and paleoceanographic changes (Alvinerie et al., 1992; Barrón et al., 1996; Benito-Calvo 
& Pérez-González, 2007), and the pattern of  sedimentation under the influence of  these changes 
(Mitchum et al., 1977; Vail et al., 1977; Haq et al., 1987; Posamentier et al., 1988; Vail et al., 1991; 
Zachos et al., 2001; among others). The identification of  discontinuities makes it possible to define 
in more detail a stratigraphic framework and sedimentary facies for the Cantabrian Continental 
Margin.

In this work, the stratigraphic succession is composed of  an acoustic basement overlain by a sedi-
mentary cover whose distribution is irregular. It is lacking on the continental shelf  and extends from 
the continental slope to rise (Figs. 4.2, 4.3, 4.4 and 4.5), with an average thickness increasing downs-
lope from about 0.7 to 2 s. Within this sedimentary cover six seismic discontinuities are established 
as stratigraphic boundaries, and they are named seismic boundaries I to VI, from older to younger 
(Tab. 4.1). These boundaries are regional unconformities and their correlative conformities, with 
varying degrees of  erosivity, onlap surfaces and downlap surfaces, and are acoustically represented 
by continuous reflections of  high amplitude and/or sharp changes in the acoustic facies of  the boun-
ding seismic units. The seismic expression of  unconformities is particularly more evident on (paleo)
topographic marginal plateaus where their erosive and/or angular character is more pronounced; 
they evolve to paraconformities towards abyssal plain. Boundary VI is the limit between the Lower 
and Upper Oligocene deposits; Boundary V is suggested to be the Latest Oligocene; Boundary IV is 
an intra–Lower Miocene discontinuity that has been ascribed as the limit between the Aquitanian 
and Burdigalian deposits; Boundary III is the limit between the Burdigalian and Langhian deposits; 
Boundary II may be considered as the limit between the Middle and Upper Miocene deposits; and 
Boundary I is the limit between the Miocene and Plio-Quaternary deposits.

In the following section, acoustic characteristics of  the stratigraphic division (Tab. 4.1) defined by 
the above unconformities and correlative conformities, and of  the underlying acoustic basement are 
explained in detail.
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4.2. Seismic stratigraphy and chronology

Table 4.1: Seismic mega-sequences and meso-sequences making up the Upper Oligoceno to Plio-Quaternary sedi-
mentary cover of  the Cantabrian Continental Margin. This stratigraphy is correlated with stratigraphies from previous 
works in the Bay of  Biscay. 



Figure 4.2:  Airgun seismic profile (single-channel) displaying the tectonic structure, seismic stratigraphy and depositional bodies from the shelf  to continental rise. Location in Fig. 4.1.
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Figure 4.3: Seismic profile (single-channel) displaying the tectonic structure, seismic stratigraphy and depositional bodies from the shelf  to continental rise. Location in fig. 4.1.
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Figure 4.4:  Seismic profile (single-channel) displaying the tectonic structure, seismic stratigraphy and depositional bodies from the shelf  to continental rise. Location in fig. 4.1.
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Figure 4.5:  Seismic profile (multi-channel) displaying the tectonic structure, seismic stratigraphy and depositional bodies along the continental rise. Location in fig. 4.1.
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4.2.2. The acoustic basement

The acoustic basement represents the substrate of  the sedimentary wedge of  the continental margin 
and is mapped from the continental shelf  to rise (Figs. 4.2, 4.3, 4.4 and 4.5). It crops out forming 
an erosive seafloor on the continental shelf  and upper slope, and locally at the canyon walls and 
floors, and in the lower open slope. Its acoustic characteristics are quite heterogeneous, comprising 
a wide range of  chaotic, (semi)transparent and hyperbolic facies, all formed by diffuse reflections of  
low lateral continuity. The basement surface describes an irregular paleotopography conditioned 
by the morphotectonic setting. Its geometry is defined by a system of  large scale horsts and grabens 
affected by minor positive and negative reliefs. The large-scale features are responsible for the confi-
guration of  the margin on the marginal plateaus (Asturian, Santander and Landes) and submarine 
depressions (submarine canyons and the deep basin) (Figs. 3.1, 4.2, 4.3, 4.4 and 4.5) (Boillot et al., 
1974; Derégnaucourt & Boillot, 1982; Gallastegui, 2001; among others). The small-scale features 
represent minor faulted blocks or structures of  diapiric origin (Leprêtre, 1974; Boillot et al., 1979; 
Alvarez-Marrón et al., 1997; Ferrer et al., 2008a, 2008b) that define both isolated highs of  different 
scales (kilometric in the Le Danois Bank and Jovellanos High, and metric in many basement out-
crops on the shelf  and slope) and associated local depressions (kilometric in the Asturian intra-slope 
basin, and metric in the Landes Plateau). 

4.2.3. Stratigraphyc divisions and their seismic characteristics 

The general stratigraphy of  the Bay of  Biscay has been defined by several authors, and the identifi-
cation of  discontinuities, seismic units and/or sequences have been a question of  resolution of  seis-
mic records and/or targets of  the seismic study, i.e., structural, stratigraphic or tectono-sedimentary 
(Cholet et al., 1968; Caralp et al., 1969; Debyser et al., 1971; Montadert et al., 1971a, 1971b, 1974; 
Winnock, 1971; Vigenaux 1974; Dérégnaucourt & Boillot, 1982; Crémer, 1983; Faugères et al., 
1998, 2002; Thinon, 1999; Gallastegui et al., 2002; Thinon et al., 2002; Bellec, 2003; Pulgar et al., 
2004; Gonthier et al., 2006; Ferrer et al., 2008a; Bellec et al., 2009). In this work, those stratigraphic 
divisions have been summarized and correlated with the present seismic records. Likewise, the high-
resolution of  the seismic records of  the study allows defining new discontinuities and then strati-
graphic divisions, giving new insights in the sedimentary evolution of  the Cantabrian Continental 
Margin.

The new stratigraphy has been organized into a hierarchy on two different levels (seismic 
mega-sequences and meso-sequences, from large to small scale) that help to study the complex 
stratigraphic stacking pattern. The table 4.1 shows the stratigraphy proposed in this study and its 
correlation with the previous one. Three mega-sequences, C, B and A, (from older to younger) have 
been defined and are bounded by the erosive unconformities and correlative conformities VI, IV and 
II respectively. Boundary VI is acoustically characterised by high amplitude reflections of  short lateral 
continuity; Boundary V is formed by individual broken lateral reflections that define a hummocky 
surface; Boundary IV marks acoustically a drastic change between stacked acoustic facies; Boundary III 
is characterised by reflections of  high acoustic amplitude and high lateral continuity; Boundary II is 
defined by its basinward change in acoustic amplitude, from low to high; and Boundary I is acousti-
cally a high amplitude boundary. Each mega-sequence is divided into two seismic meso-sequences: 
Meso-sequences C2 and C1 limited by Boundary V within Mega-sequence C; Meso-sequences B2 and B1 limi-
ted by Boundary III within Mega-sequence B; and Meso-sequences A2 and A1 limited by Boundary I within 
Mega-sequence A. 
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4.2.3.1. Seismic Mega-sequence C

This mega-sequence is identified along the Cantabrian Continental Margin, from 1,500 m water 
depth on the slope down to the rise. Mega-sequence C rests unconformably above the acoustic ba-
sement on the continental slope and rise, and above older deposits (Lower Oligocene) on the rise 
(Figs. 4.2, 4.3, 4.4 and 4.5). The thickness of  this mega-sequence increases basinward from 0 to 1.1 
ms, and two depocentres are identified in the deep domains: one is 1.1 ms thick and is located on 
the French continental rise, off the Cap Ferret Channel mouth, and the other is 0.8 ms thick and is 
located on the abyssal plain, adjacent to the Cantabrian margin, off the Santander Canyon mouth 
(Fig. 4.6A).

Mega-sequence C is divided into two meso-sequences (C2 and C1) and both display changes in the 
acoustic characteristics from the slope to the abyssal plain. On the slope, Meso-sequence C2 is a sub-
tabular package (0.15 s thick) (Fig. 4.6A) formed by chaotic to poorly stratified acoustic facies, and 
locally hummocky facies. The reflections are of  low to medium acoustic amplitude with dispersed 
high-amplitude reflections (Figs. 4.2, 4.3, 4.4 and 4.6A). Meso-sequence C1 displays a wedge-shaped 
geometry with an average thickness of  0.2 ms and a local depocentre of  0.5 s situated in the south 
of  the Landes Plateau (Fig. 4.6A). This meso-sequence is characterised by weakly stratified facies 
with reflections that locally downlap seaward (Figs. 4.2, 4.3 and 4.4). This facies shows lenticular 
intercalations of  chaotic to transparent facies of  kilometric scale, chaotic and hummocky facies 
filling kilometric valley-shape paleo-topographies (Fig. 8C). In the deep domain, Meso-sequence C2 
deposits show a dominance of  stratified facies with parallel to subparallel or divergent configuration 
locally interrupted by metric scale V-shaped incisions dispersed within the meso-sequence. Also, 
transparent to chaotic facies are locally identified. These deposits are assembled in a subtabular 
meso-sequence (0.2 s average thickness) with local depocentres (0.4 s) (Figs. 4.3, 4.5 and 4.6A). On 
the other hand, Meso-sequence C1 is characterised by wavy facies and kilometric scale V-shaped in-
cisions (on the proximal continental rise) to stratified facies (on the distal continental rise) with an 
oblique prograding pattern (Fig. 4.6). It forms a thick package with a depocentre of  about 0.75 s on 
the continental rise that decreases seaward at least until 0.35 s (Fig. 4.6A). 

4.2.3.2. Seismic Mega-sequence B

Mega-sequence B overlies Mega-sequence C and the acoustic basement. It is also identified along the mar-
gin from the continental slope to the deep domain (Figs. 4.2, 4.3, 4.4 and 4.5). Its lower boundary, 
IV, marks a drastic change in the acoustic facies with respect to Mega-sequence C, and shows a local 
erosive character on the slope, contrasting with its upper Boundary II that is more erosive in the deep 
domain than on the slope. The thickness of  Mega-sequence B varies between 0.1 and 0.5 s, and the 
isopach map (Fig. 4.6B) displays two main depocentres, one on the Landes Plateau and the other in 
the deep domain. Both depocentres are about 0.5 s thick. 

Mega-sequence B is divided into two meso-sequences (B2 and B1) by Boundary III and both meso-
sequences also display changes in the type of  acoustic facies from the continental slope to the rise. 
On the continental slope, Meso-sequence B2 is characterised by high-reflectivity stratified facies with 
reflections of  high lateral continuity and horizontal to subhorizontal internal configuration. This 
facies is interrupted by monticular to tabular bodies of  transparent to chaotic facies, and by chaotic 
facies filling V-shape erosive surfaces. Meso-sequence B2 displays a tabular geometry with an average 
thickness of  0.13 s (Figs. 4.2, 4.3, 4.5 and 4.6B). Meso-sequence B1 is characterised by parallel to sub-
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Figure 4.6: Isopach maps of  seismic meso-sequences and seismic mega-sequences plotted over the paleo-isobaths of  the 
bottom of  the each meso-/mega-sequence. 
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parallel stratified facies of  high lateral continuity, with a vertical alternation of  high to low reflectivi-
ty also locally interrupted by chaotic facies filling V-shape erosive surfaces (Figs. 4.2, 4.3 and 4.4). In 
the deeper domain, Meso-sequences B2 and B1 form thinner subtabular packages (0.15 s for B2, 0.25 
s for B1), ranging from wavy and transparent facies on the rise to stratified facies on the rise. Like 
in continental slope, Meso-sequence B2 presents higher reflectivity than Meso-sequence B1 (Figs. 4.3. 4.5 
and 4.6B). The agradational seismic pattern of  Meso-sequence B2 changes to landward onlapping in 
Meso-sequence B1 (Fig. 4.5). 

4.2.3.3. Seismic Mega-sequence A

Mega-sequence A overlies Mega-sequence B and the acoustic basement, and is distributed from the shelf-
edge to the continental rise. This mega-sequence is relatively thin, 0.2 to 1.2 s thick (Fig. 4.6C). This 
mega-sequence comprises two seismic meso-sequences (A2 and A1) limited by Boundary I. The two 
meso-sequences display changes in the type of  acoustic facies from the slope to the rise. On the con-
tinental slope, they also display different acoustic characteristics. Meso-sequence A2 shows parallel to 
sub-parallel stratified facies of  medium to low reflectivity, with reflections of  high lateral continuity, 
locally interrupted by chaotic facies filling V-shape erosive surfaces. The geometry ranges from ta-
bular to slight wedge-shape with a depocentre of  0.3 s. In contrast, the deposits of  Meso-sequence A1 
show a higher reflectivity, with the vertical trend to increase topward. The acoustic pattern is mostly 
characterised by parallel stratified reflections of  high lateral continuity and 0.2 s average thick, but 
locally also displays oblique, sigmoidal, wavy and divergent configurations (Figs. 4.2, 4.3, 4.4 and 
4.6C). Chaotic infilling facies are also identified. In the deep domain the acoustic facies of  Meso-
sequences A2 and A1 are similar: both are characterised by wavy and transparent facies on the rise that 
change progressively to stratified facies on the abyssal plain (Figs. 4.4 and 4.6). The geometry of  the 
two meso-sequences changes from a subtabular package with 0.3 s average thickness in Meso-sequence 
A2 to a wedge-shaped body with a depocentre of  0.8 s in Meso-sequence A1 (Figs. 4.6E and 4.6F).

4.2.4. Structural features

The structural features deform and affect the lateral continuity of  deposits making up Mega-sequences 
A to C. The identification of  these features in the seismic records is based on the correlation with the 
structural elements defined in previous studies of  the Cantabrian margin (Winnock, 1971; Boillot et 
al., 1974; Leprêtre, 1974; Belderson & Kenyon, 1976; Boillot & Capdevila, 1977; Boillot et al., 1979; 
Dèrègnaucourt & Boillot, 1982; Álvarez-Marrón et al., 1997; Gallastegui et al., 2002; Ferrer et al., 
2008; among others). These studies report several families of  faults and folds as well as diapirs and 
related features. The faults are of  three types: extensional (related to rifting episodes), compressional 
(related to the Tertiary convergence), and faults related with fluid dynamics. Major faults form the 
striking scarps that define the physiographic boundaries between the upper and lower continental 
slope (Figs. 1.16, 4.2 and 4.3), condition the location of  submarine canyons (Figs. 1.16 and 4.7A), 
and also produce seafloor highs (as the Le Danois and Jovellanos) and minor scarps (from a few to 
tens of  metres high) (Boillot et al., 1974, 1977, 1979; Derégnaucourt & Boillot, 1982) (Figs. 1.16 and 
4.2). Folds are mostly associated to the Tertiary compression. Most of  the compressive folds were 
reported in the overthrusting complex of  the Asturian Plateau. Here two main families were des-
cribed: a) folds associated with the thrust belt located at the foot of  slope (Figs. 1.16, 4.2 and 4.7D); 
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and b) folds associated with thrusts of  the intra-slope basin and Asturian shelf  (Boillot & Capdevila, 
1977; Boillot et al., 1979; Álvarez-Marrón et al., 1997; Gallastegui et al., 2002, among others) (Figs. 
1.16, 4.2, 4.7C and 4.7E). Fluid dynamic is inferred by plastic deformation of  deep salt and detrital 
cores deposited during the initial stages of  the Bay of  Biscay (Pautot et al., 1970; Boillot et al., 1979; 
Ferrer et al., 2008; among others). The posterior activity of  these fluids has provoked both, read-
justments in the overlying fractures and rising of  diapiric bodies. Structural features as faults, folds 
and diapirs liked with this activity were reported in the sedimentary filling of  the Landes Plateau 
(Figs. 4.4, 4.7F and 4.7G) (Cholet et al., 1968; LeBorgne & Monel, 1970; Winnock, 1971; Curnelle 
& Marco, 1983; Ferrer et al., 2008a, 2008b) and intra-slope basin of  the Asturias Plateau (Figs. 4.2, 
4.7C and 4.7E) (Leprêtre, 1974; Boillot et al., 1979; Álvarez-Marrón et al., 1997). 

The structural features observed in the Mega-sequences A to C include also tectonic faults and folds, as 
well as features related to fluid dynamics (Figs. 4.2, 4.3, 4.4 and 4.7). The faults have been identified 
by the displacement of  reflectors that cross them, by sharp contacts between sediments with different 
acoustic response, and by a divergent configuration in the infilling of  local subbasins. Most of  the 
tectonic faults indentified in the mega-sequences are of  small scale (displacements of  metric scale) 
without seafloor expression and of  syn-sedimentary type, normal and reverse. They mostly affect 
deposits of  Mega-sequence C and locally deposits of  Mega-sequence B (Fig. 4.7), both in the continental 
slope. These faults are related to minor movements of  the deep fractures of  the basement structure 
defined by the above mentioned literature. With respect to the tectonic (compressional) folds, they 
are mapped in the continental slope and rise where are recognized by the flexure of  reflectors. In the 
continental slope, specifically in the Asturian Plateau and Santander Promontory, small scale W-E 
folds (less than average 3 km wavelength and 100 m amplitude) affect deposits of  Mega-sequence C and 
B, and locally the base of  Mega-sequence A (Figs. 4.2, 4.3 and 4.7E). In the continental rise, only the 
deposits of  Mega-sequence C are affected by compressional folds (Fig. 4.7D). They constitute a family 
of  W-E synclines and anticlines of  about 9 km wavelength and 400 m amplitude, which imaged the 
ultimate shortening of  the foot of  slope compressional belt (Boillot & Capdevila, 1977; Boillot et al., 
1979; Álvarez-Marrón et al., 1997; Gallastegui et al., 2002) (Fig. 1.16).

Fluid-dynamics is responsible of  readjustments in the basement structure and formation of  diapirs 
with associated folds, faults, collapse structures and pockforms (see Chapter 6) in the overlying de-
posits. These features are identified in the Landes and Asturian Plateaus, and affect to Mega-sequences 
A, B and C (Figs. 4.2, 4.4, 4.7C, 4.7E, 4.7F and 4.7G). Readjustments on previous structure are 
observed in the complex of  thrusts of  the intra-slope basin and in the uplifted blocks/ridges of  the 
Mesozoic Parentis basin infill outbuilding the northern Landes Plateau (Fig. 1.16) (Txipiroi, Izurde 
and Marratzo ridges according with nomenclature followed by Ferrer et al., 2008a, 2008b). Some 
folds and pockforms observed in Mega-sequences C to A are linked with this activity (Figs. 4.7C and 
4.7G). The diapirs, which appear as transparent intrusive features, are kilometric elongate ridges 
with a roughly E-W trend (Fig. 4.7F). Fluid escape trough these diapiric structures is suggested on 
the Landes Plateau, where relict pockmarks (at present pockforms according Iglesias et al., in press) 
are identified on the present seabed (for more information about pockforms, see Chapter 6). The 
intrusion and rising diapiric processes also deform and fracture the overlying sediments forming 
folds and faults, as well as collapses on the top of  some diapirs. The folds are of  different scales, from 
8 to 3 km wavelength and 60 to 30 m amplitude. The faults are of  small scale, and locally present 
seafloor expression (see also Chapter 5, section 5.5).
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Figure 4.7. Structural features affecting Mega-sequences C to A imaged on single-channel (A, B, C, E and F) and multi-
channel (D and G) airgun seismic records. Also tree diagrams simplifying the main structural features are displayed.
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4.2.5. Facies architecture

The study of  facies of  the three seismic mega-sequences allows three distinct environments to be 
defined: i) the outer shelf, ii) the slope, and iii) the continental rise. Each environment is represented 
by a distinctive facies architecture formed by the interplay between depositional bodies and seismic 
reflection patterns (Tab. 4.2) observed within the above-mentioned mega-sequences. Although some 
bodies or reflection patterns display common or similar features, their arrangement and develop-
ment in each environment allows them to be differentiated. 

The outer shelf  (i) is characterised by a continuous erosive surface (Fig. 4.2, 4.3 and 4.4), except on the 
shelf-break of  the Asturian Shelf  sector, where shelf-margin deposits (Fig. 4.8A) are identified. These 
wedges are internally defined by seaward downlapping oblique stratified facies, of  200 ms thickness. 
They were deposited when the coastline was located close to the self  break, during the lowstand 
stage of  sea level (Ercilla et al., 2008a). These wedges are disconnected from the slope deposits and 
favour a small, short progradation (about 1.5 km) of  the shelf  break. This environment is also cha-
racterised by a regional erosive surface formed trough time by subaereal and submarine erosive 
processes that have favoured the outcropping of  the Mesozoic folded and fractured ancient deposits 
(Fig. 4.8A) (Ercilla et al., 2008a). 

There is no lateral continuity between the sedimentary bodies defining the shelf  architecture with 
those defining that of  the slope (Figs. 4.2, 4.3, 4.4 and 4.8A). The facies architecture of  the slope 
environment (ii) occurs as mainly aggrading and locally prograding sediments. The architecture is 
quite complex because of  the great variety of  sedimentary bodies, and depending on the morpho-
logical sectors at least two architectural groups can be differentiated, gentler and steeper. 

The facies architecture of  the gentler slope sectors, represented by marginal plateaus, are charac-
terised mainly by agradattional, subparallel and oblique stratified facies of  open slope deposits (uncon-
fined turbidites intercalated with hemipelagites) that completely cover the gentler open slope floors 
with thickness that locally reach up more than 1 s thick (Figs. 4.3, 4.4 and 4.8B). Two types of  open 
slope deposits are differentiated, sandy and muddy (Figs. 4.9, 4.10 and 4.11). The sandy open slope 
deposits are characterised by a higher reflectivity and by a shorter lateral continuity of  reflection 
than the muddy deposits. These stratified packages of  open slope deposits are locally interrupted/
intercalated by mass-flow deposits (Fig. 4.8B) that display chaotic to transparent facies with lenticu-
lar and monticular geometry (hundreds of  meters long and less than 10 ms thick), and by confined 
turbiditic deposits with isolated channels, braided and leveed (Figs. 4.8B, 4.9, 4.10 and 4.11). The 
braided channels are defined by lenticular bodies of  chaotic and hummocky facies that are stacked 
filling kilometric valley-shape paleo-topographies (Fig. 4.8B). The isolated turbiditic leveed-channel 
deposits present an elongated (several kms long) body of  chaotic facies (channel) flanked by bodies 
of  divergent stratified facies (levees) (Figs. 4.4 and 4.8B). Turbiditic slope deposits, hemipelagites and 
mass-flow deposits are vertically stacked, favouring the outbuilding of  these areas of  the margin. 
These deposits were developed by unchannelized gravity and density flows triggered by instabilities 
and from sediment supply from short and ephemeral rivers draining the Cantabrian and Pyre-
nean mountains (Ercilla et al., 2008a), as occurs in other areas (Milliman & Sivistky, 1992). Also, 
overspilling deposits deposited from the spill over of  the flows running along the Capbreton and 
Lastres canyons, favoured the upbuilding of  their northern margins (Figs. 4.9, 4.10 and 4.11). They 
are wedge shape bodies characterised by downlapping subparallel stratified facies (Figs. 4.4 and 
4.8C). Another facies on the smoother slope is that of  contouritic deposits which develop locally in the 
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western part of  the intra-slope basin. They resulting from the reworking of  the seafloor by along-
slope currents, specifically the MOW (Fig. 4.11) (Ercilla et al., 2008a). These facies comprise drifts 
and their associated moats and sediment waves. Drifts are of  three types, elongated mounded drifts, 
confined drifts and plastered drifts (Fig. 4.2). The drifts display a monticular geometry (around 50 
ms relief  and 250 ms thick) and are made up of  oblique stratified facies with internal discontinuities 
(downlap and onlap reflector terminations) that rest unconformably over the underlying deposits. 
Laterally, these bodies change to moat facies, formed by chaotic and erosive surfaces. The moat 
displays a U transverse section of  about 80 m relief  and from 1 to 4 km width (Figs. 4.2 and 4.8D). 

The steeper sectors of  the continental slope comprise the canyons walls and floors, and open upper 
and lower slopes. Here, the great variety of  facies outbuilding the stratal architecture is grouped 
in two main types of  facies asociations; the scar-and-mass-transport deposits, and scar-and-lobe 
deposits (Figs. 4.9, 4.10 and 4.11). The scar-and-mass-transport deposits display lenticular/monticular 
geometries of  200 ms thickness and several kilometres long, and mainly chaotic and locally discon-
tinuous stratified facies. These deposits are associated with erosive surfaces that represent the slide 
scar and the scar plane. The scar-and-lobe deposits are mostly distributed along the steep seafloor of  the 
lower slope, displaying monticular/wedge shaped aggradational sets of  transparent to semitrans-
parent facies of  several kilometres long and metres thick (Figs. 4.2, 4.3, 4.4, 4.8E and 4.8F). These 
facies are also associated to erosive surfaces (scar surfaces). They are similar to those deposits of  the 
upper steep slope but with the lobe located at foot of  the slope extending downs to the continental 
rise. These two types of  facies asociations (scar-and-mass-transport and scar-and-lobe facies) result 
from the stacking of  gullies, scars, slide masses, mass-transport and lobe deposits as those observed 
in the recent morphosedimentary architecture (see Chapter 3).

The deposits outbuilding the slope facies architecture locally continue laterally with those deposits 
of  the continental rise (Figs. 4.2 and 4.3). The continental rise environments (iii) are built up of  a 
great variety of  facies related to turbidite fans, and to a lesser extent facies of  scar-and-lobe deposits 
and basinal sheet-like turbidites (Figs. 4.9, 4.10 and 4.11). The turbidite fans facies is the most impor-
tant and representative facies, and is an integral part of  the turbidite fans developed from slides, 
mass-transport, mass flows and turbidity currents channelized along the Cap Ferret, Capbreton-
Santander and Torrelavega canyons (Ercilla et al., 2008a). The deposits (until 2 s thick) of  these 
turbidite fans mainly accumulate on the continental rise, and contribute to fill this physiographic 
province. In this deep environment, the turbidite fans comprise the following turbidite architectu-
ral elements: channel-fill deposits and related cut and fill features, overbank deposits, channel-lobe 
transition zone, and lobe deposits (Figs. 4.8G, 4.8H and 4.8I). The channel-fill deposits and related cut-
and-fill features are characterised by chaotic or stratified filling facies with high amplitude reflectors 
that onlap onto U-shaped erosive surfaces (between 2 and 10 kms wide) (Figs. 4.3, 4.5, 4.8G). These 
sets of  acoustic facies are distributed on the continental rise, in the area close to the canyon mouths 
(Figs. 4.9, 4.10 and 4.11). The overbank deposits form wedge-shaped levees, in some cases showing 
a vertical stacking of  more than 0.7 s and covering an area of  more than 100 km long and 30 km 
wide. They are developed among turbiditic channels and in a broad area northward of  the Cap 
Ferret Channel (Figs. 4.9, 4.10 and 4.11). The overbank deposits display semitransparent to stratified 
facies of  low to medium reflectivity with internal erosive surfaces, locally intercalated with facies of  
mass-flow deposit (lenticular bodies of  chaotic facies of  hundreds of  meters) (Figs. 4.3, 4.5, 4.8G, 
4.8H and 4.8I). The lobe deposits, characterised by stratified facies with sigmoidal to subhorizontal 
seismic configuration (Figs. 4.5 and 4.8I), are developed onto the distal continental rise and extends 
towards the abyssal plain covering an area of  at least 2,000 km2 (Figs. 4.9, 4.10 and 4.11). Locally 
and occasionally, the channel-lobe transition zone is also identified as an architectural element. This ele-
ment that develops between the channel-overbank deposits and the lobe deposits is characterised by 
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Figure 4.8: Sedimentary bodies defining the facies architecture of  the Upper Oligocene to Plio-Quaternary sedimentary 
cover of  the Cantabrian Continental Margin. The figure contains single-channel airgun seismic profiles (A, B, C, D, E, 
F, J and K) and multi-channel airgun reflection profiles (H and I). The zoom of  B) is a TOPAS seismic record. 
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4.3. Sedimentary evolution
The integration of  the results obtained from the physiography/morphology, seismic stratigraphy, fa-
cies architecture, and geo-history analysis from the literature allowes to reconstruct the sedimentary 
evolution from the Late Oligocene to present, to understand the global and local significance of  the 
sedimentary products, and to suggest how they may have interacted to produce the defined seis-
mic stratigraphy and facies architecture. The sedimentary evolution of  the Cantabrian Continental 
Margin comprises three main phases (Late Oligocene - Earliest Miocene, Mid-Early Miocene - 
Middle Miocene, and Late Miocene - Plio-Quaternary) each one associated with one of  the seismic 
mega-sequences defined in the stratigraphy. These main phases are characterised by minor phases 
of  evolution associated to relatively less important changes in sedimentation. These minor changes 
are associated to meso-sequences. In the following paragraphs each phase is characterised, and this 
relies on definition of  the geo-environmental context that characterised it and the areal distribution 
of  the depositonal products as well as their relationships within the three stratigraphic domains. 
Type of  sediment supplied to the deep domain, subaereal and submarine feeding sources and basin 
margin entry points (tectonic and sedimentary in origin), mechanism of  transport and spatial dis-
tribution, all of  them obtained from delineating relict or active structural and depositional features 
combined with isopach and isobath maps, are also considered. 

high reflectivity surfaces and/or stratified deposits intercalated with lenticular bodies of  transparent 
facies (kilometric scale), affected by erosive scour features (5 km wide, 20 m relief, and up to 15 km 
long) (Figs. 4.5 and 4.8I). 

All the mentioned architectural elements are the main building ones of  the Cap Ferret, Capbreton-
Santander and Torrelavega fans and remain essentially the same through except the channel-lobe 
transition zone element whose occurrence is variable (Figs. 4.9, 4.10 and 4.11). Contrasting, the ove-
rall fan form, organization of  individual architectural element and their spatial distribution within 
the deep environment, and their stacking pattern are variable. Considering these characteristics 
within the context of  the fan classification (Richards et al., 1998), and tentatively inferring the domi-
nant grain size, two types of  fan systems have been defined: coarse-rich and mud-rich systems. The 
coarse-rich system is characterised by the relatively higher reflectivity of  their facies, poorer vertical 
development of  levee deposits (Fig. 4.8H), channels with lower sinuosity, lobe deposits with a fan 
geometry, locus of  deposition in a closer proximity to the base of  lower continental slope and feeding 
canyon mouths, and aggradational growth pattern (Fig. 4.9). The mud-rich system is characterised 
by the relatively lower reflectivity of  their facies, sinuous channel with striking levees (Figs. 4.3 and 
4.8H), lobe deposits with elongated lobe geometry, locus of  deposition in a farer away from the base 
of  lower continental slope and feeding canyon mouths, and progradational character (Fig. 4.10). 

As mentioned above, the facies architecture of  the continental rise also comprises several slope 
deposits and basinal, sheet-like turbidites (Figs. 4.9, 4.10 and 4.11). The scar-and-lobe deposits are dis-
tributed along the foot of  the lower continental slope, displaying monticular/wedge aggradational 
sets of  transparent to chaotic facies of  several kilometres long and hundreds of  metres thick (Figs. 
4.2, 4.3, 4.5 and 4.8J). They are similar to those deposits of  the upper steep slope but with the lobe 
located at foot of  the slope extending downs to the continental rise. In fact, they commonly repre-
sent the basinward evolution of  scar-and-lobe deposits formed on the steep seafloor of  the lower 
continental slope. The basinal sheet-like turbidites comprise stratified facies of  high lateral continuity 
and subtabular geometry (Figs. 4.5 and 4.8I). This facies appears intercalated between lobes and 
overbank deposits (Fig. 4.10). 
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4.3.1. Late Oligocene to Earliest Miocene
This interval corresponds to the Mega-sequence C. This stage was characterised by a NW-SE oblique 
convergence between the Iberian and European plates (Srivastava et al., 1990a; Rosenbaum et al., 
2002; Sibuet et al., 2004b) that led to the emergence and deformation of  the Cantabrian Mar-
gin and the uplift of  the Pyrenean and Cantabrian Mountains (Boillot & Capdevila, 1977; Olivet, 
1978; Boillot et al., 1979; Grimaud et al., 1982; Srivastava et al., 1990b; Pérez-Estaún et al., 1994; 
Alvarez-Marron et al., 1996; Pulgar et al., 1996; Gallastegui et al., 2002). Likewise, the convergence 
during this period caused a local uplifting of  the basement on the continental rise (Jovellanos High) 
that produced a confinement of  the Cap Ferret Graben formed by subsidence of  northern part of  
Parentis Basin, favouring that most of  the French sediment was trapped inside these structural do-
mains (Crémer, 1983). During the Oligocene, and particularly after the sea level fall at 30 Ma, there 
was a global sea-level rise that continued during follow stage up to 15 Ma (Haq et al., 1987). With 
an uplifting and folding of  the Pyrenean and Cantabrian mountains, the fluvial erosion of  their 
young reliefs favoured large-scale sediment supply to the margin (Milliman & Sivistky, 1992) affected 
by a world-wide highstand. In spite of  this sea-level scenario, the erosion of  sediment on the mar-
gin resulted in its accumulation in the deeper areas, and locally on the open slope of  the Asturian 
Plateau, Santander Promontory, Landes Plateau and also on the Cap Ferret Graben and Parentis 
Basin. Tectonics controlled the position of  the hinterland source area, its drainage systems (short 
rivers mostly of  less than 200 km length) and the relative quantity and type of  sediment that was 
supplied toward the sea (Jones, 2002). The mountain terrain and short length of  the rivers favoured 
discharges of  relatively coarse grain size (Al Ja’Aidi et al., 2004; Smith, 2004; Zink & Norris 2004). 
Tectonic also conditioned the position of  the submarine drainage systems (i.e., of  Torrelavega and 
Capbreton-Santander, Cap Ferret), which mostly transported the sediment toward the rise, and 
favoured the triggering of  sedimentary instabilities that also contributed with turbidity and related 
flows to the deeper areas.

Sedimentation is characterised by stacked scar and associated mass-movement deposits on the Can-
tabrian continental slope, in both the upper and lower domains. These deposits develop numerous 
stacked sedimentary mound-shaped bodies that commonly occur at the foot of  the steeper sectors 
of  the lower and upper slope (Figs. 4.3, 4.5 and 4.9). Locally, where the topography allows it (as 
occurs in intra-slope basin), these mass-movements are channelized evolving to turbidity and re-
lated flows generating a braided-type turbiditic channel and associated deposits (Fig. 4.9). Also, 
mounded packages but in this case formed by fan deposits, commonly occur on the downslope 
termination of  the feeder Torrelavega and Capbreton-Santander canyons, at the proximal part of  
the continental rise, during the period of  development of  Meso-sequence C2 (Chaptian) (Figs. 4.8H 
and 4.9). During this period, they are absent off the Cap Ferret Canyon due to most French sedi-
ment is trapped inside the Cap Ferret Graben an other areas of  Parentis Basin (Crémer, 1983). 
These turbidite fan deposits are of  small size (less than 25 kms long), have a radial distribution 
adapting to the irregular palaeo-topography and represent the locus of  large volumes of  sandier 
deposits. From Meso-sequence C2 to Meso-sequence C1 there is a change in the geometry of  these fans, 
and the Cap Ferret Fan begins to develop (Figs. 4.8H and 4.9). The geometry varies from being 
smaller and shorter and with a ramp shape during Meso-sequence C2 to larger and longer with a 
broader channel and elongated shaped during Meso-sequence C1 (Aquitanian). The inferred type of  
sediment is suggested by the geometry and by the strong return of  its (C2) acoustic facies. These 
fan deposits represent periods of  sandier gravity flows and/or moderate activity of  gravity flows on 
the continental margin. The fan-type turbidite systems display a change in the depositional model 
in the Meso-sequence C1 that allowed the boundary between Meso-sequence C2 and Meso-sequence C1 to
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Figure 4.9: Scheme showing the facies architecture that characterises to the shelf-to-rise entire system during the sedi-
mentary evolution of  the Cantabrian Continental Margin from Late Oligocene to Earliest Miocene. Lines represent the 
paleo-isobah of  the base of  Mega-sequence C. Note the changes in facies architecture during the development of  Meso-
sequences C2 (red) and C1 (yellow).

be outlined. During the development of  Meso-sequence C1, the new model is characterised by a leveed 
Capbreton Canyon and leveed channels that represent the basinward continuation of  the feeder 
canyons (the Capbreton-Santander and Cap Ferret) and extend down to the distal part of  the con-
tinental rise (Fig. 4.9). The Capbreton Canyon develops a striking levee of  500 m of  relief  on its 
right margin (i.e., on the Landes Plateau). The Capbreton-Santander system develops a SE-NW 
leveed channel of  large dimensions (80 km long, up to 10 km wide), but of  relatively low vertical 
development of  its both side levees (Figs. 4.8H and 4.9). This channel joins with the new formed 
Cap Ferret Leveed-Channel that comes from NE with the development of  an only one striking and 
relatively high (> 300 ms relief) levee to its northern side (Figs. 4.5 and 4.9). Then, the two leveed-
channel run E-W fused together northward of  the Jovellanos High converging seaward into an 
elongated lobe that extends basinward beyond the limits of  the study area, in the Biscay Abyssal 
Plain. There is another channel, the Torrelavega non-leveed channel (60 km long), that represents 
the basinward continuation of  the Torrelavega Canyon and runs constrained between the steep 
lower slope northward of  the Le Danois Bank and Jovellanos High (Fig. 4.9). This fan does not 
develop levees but the other constitutive elements experiment a similar evolution of  the Capbreton-
Santander System. The mentioned changes referring to the leveed canyon, leveed channels, genesis 
of  the Cap Ferret Fan, and the elongated geometry of  the lobe deposits (Figs. 4.4 and 4.9), all of  
them suggest that the Meso-sequence C1 was a period of  muddier gravity flows and of  higher depo-
sition from these flows. This last fact is suggested by the greater thickness of  this meso-sequence in 
comparison with Meso-sequence C2 and the basinward progradation of  its turbiditic deposits.
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Legend of  the figures 4.9, 4.10 and 4.11. 
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4.3.2. Mid-Early Miocene to Middle Miocene

This interval corresponds to Mega-sequence B. It brought changes in the tectonic and eustatic condi-
tions, a decrease in the sedimentation rates and a poorer development of  the sedimentary systems 
that began to form during Mega-sequence A. Though tectonic activity continued to affect the Can-
tabrian and Pyrenean mountains (Srivastava et al., 1990b; Pérez-Estaún et al., 1994; Álvarez-Marrón 
et al., 1996; Pulgar et al., 1996), the continental margin and Biscay Abyssal Plain show a cease (Ga-
llastegui et al., 2002), as it is suggested by the lack of  deformational/faulting features affecting the 
sediments of  Mega-sequence B (Fig. 4.7). During this period, only diapiric activity on the northern 
parte of  the Landes Plateau and the intra-slope basin of  Asturian Plateau (Leprêtre, 1974; Boillot 
et al., 1979; Álvarez-Marrón et al., 1997; Ferrer et al., 2008a, 2008b; and Figs. 4.7C, 4.7E and 4.7F), 
and tectonic subsidence in the continental rise (Fig. 4.3) worth drawing attention. This period of  
time also brought a rapid third-order sea-level fall at about 20 Ma, affecting the second-order global 
sea-level rise that had occurring for 30 Ma (Haq et al., 1987). This regression provoked the discon-
tinuity between Mega-sequence A and Mega-sequence B. The base deposits of  Mega-sequence B (B2) are 
remarkable due to their greater reflectivity, (Figs. 4.2, 4.3 and 4.4). Likewise, the Mega-sequence B 
thickness reflects a general decrease in the sedimentation rates (Fig. 4.6). Both the acoustic character 
and the sedimentation rates allow to suggest tentatively that there was a change in the hinterland 
sediment sources (volume, nature) and that this change is not directly related to the impact of  
eustatic variations (third-order rise in sea level during Meso-sequence B2 and third-order fall during 
Meso-sequence B1 -Haq et al., 1987-). The change in the hinterland sediment source should have led 
to variations in the sediment delivery and in the characteristics of  the gravity flows (such as load 
and sediment texture), that imply a decrease in the activity and/or occurrence of  these flows. This 
decrease would also be enhanced by the lack of  tectonic activity on the continental margin (Sri-
vastava et al., 1990b; Gallastegui et al., 2002; Crémer, 1983), which would lead to a decrease in the 
occurrence of  mass-wasting gravity flows due to diminishing in failure of  the nearsurface sediments.

These tectonic and sediment source changes during Mega-sequence B, or the interplay between both 
favour a minor deposition of  scar and associated mass-transport deposits and mass-flow deposits 
on the upper and lower slopes. Now they are of  minor scale and frequency (Figs. 4.3 and 4.10). 
Sedimentation on the open slope areas are characterised by open slope deposits (unconfined turbi-
dites intercalated with hemipelagites) (Figs. 4.3 and 4.4), locally interrupted by confined turbiditic 
deposits with development of  isolated leveed-channels on the intra-slope basin (Fig. 4.10). All these 
deposits favour the outbuilding of  the open slope. During the development of  Meso-sequence B2 (Bur-
digalian), the Cap Ferret, but specially the Capbreton-Santander and Torrelavega turbidite fans, 
also experimented a change in the depositional pattern of  its architectural elements; the incision of  
channels decreases (1km wide and <100ms relief) whereas their sinuosity increases, the development 
of  levees and overbank deposits also decreases and the lobe deposits became smaller, retrograde 
several kilometres onto the abyssal plain and its relief  (monticular geometry) begins to be impercep-
tible (Figs. 4.5 and 4.10). The following Meso-sequence B1 (Langhian and Serravalian) continues with 
a similar depositional pattern. The open slope only experiment an evolution to finer grain size sedi-
ment, as it is suggested by the lower reflectivity character of  its facies (Figs. 4.3 and 4.4). The deep 
turbidite systems only display changes in their size and spatial distribution (Fig. 4.10 ). The true distal 
lobe deposits disappear on the rise (Fig. 4.10). Here, the deposition is characterised by regression 
of  basinal sheet deposits (Fig. 4.5). This retrogression seems not to be related to an eustatic control 
(in fact, Meso-sequence B1 is affected by a third-order fall). It could have resulted from a tectonically 
driven subsidence of  the rise and the Biscay Abyssal Plain.

4.3. Sedimentary evolution
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4.3. Sedimentary evolution

Figure 4.10: Scheme showing the facies architecture that characterises to the shelf-to-rise entire system during the sedi-
mentary evolution of  the Cantabrian Continental Margin from Mid-Early Miocene to Middle Miocene. Lines represent 
the paleo-isobah of  the base of  Mega-sequence B. Note the changes in facies architecture during the development of  Meso-
sequences B2 (blue) and B1 (green).

4.3.3. Late Miocene to Plio-Quaternary

This interval corresponds to Mega-sequence A. This period is defined by tectonic, eustatic and ocea-
nographic changes in comparison with the previous one. These changes produce variations in the 
sedimentation pattern of  the seismic facies. Tectonic activity ceases on the entire margin (Srivas-
tava et al., 1990b; Gallastegui et al., 2002; among others), and only some activity related to fluid 
dynamics in the intra-slope basin and Landes Plateau (Leprêtre, 1974; Boillot et al., 1979; Álvarez-
Marrón et al., 1997; Ferrer et al., 2008a, 2008b; and Figs. 4.7C, 4.7E and 4.7F) and/or subsidence 
is locally observed (Figs. 4.3 and 4.7). Here, some of  the pre-existing faults are reactivated and local 
minor scale fractures were formed producing some deformations on overlying deposits. However, 
the seismic stratigraphic architecture indicates that the really important changes in the boundary 
conditions of  the study area come from the eustasy and oceanography. This period brought a sharp 
drop (>100 m) in the sea level at 10 Ma (Haq et al., 1987), leading to a general erosion of  the sedi-
ments and forming the Boundary VI. Afterwards, a significant global sea-level rise is recorded from 
the Late Miocene to the Early Pliocene (10 to 4 Ma) (Haq et al., 1987), a period that may represent 
the Meso-sequence A2 deposits. Subsequently, a change in the frequency of  sea-level changes occurred 
(Mitchum & Van Wagoner, 1991; Revel et al., 1996; Zachos et al., 2001; Lisiecki & Raymo, 2005, 
2007). The glacioeustatic fluctuations were of  higher frequency (100 and 40 ka) during the time of  
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deposition of  Meso-sequence A1. With respect to the oceanography, a great change affected the area, 
related to the formation of  the Mediterranean water after the opening of  the Gibraltar Strait. This 
opening favoured the formation of  the Mediterrean outflowing current, and many related deposits 
have been described along the Atlantic margin (Kenyon & Belderson, 1973; Llave et al., 2001, 2006, 
2007; Ercilla et al., 2002a, 2008b; Alves et al., 2003; Hernández-Molina et al., 2003, 2006; Van Rooij 
et al., 2007) and recently in the Bay of  Biscay (Ercilla et al., 2008a)

All these geo-environmental changes led to variations in the sedimentation of  the margin. This 
period of  time brought an important increase in sedimentation rates (Fig. 4.6) and a major develo-
pment of  the sedimentary systems (Fig. 4.11). During Meso-sequence A2 (Tortonian and Messinian), 
mass-movement processes reactivated and favoured the deposition of  scar-and-mass-transport de-
posits and mass-flow deposits on the open slope and scar-and-lobe deposits on the rise (Figs. 4.2, 4.3, 
4.4 and 4.11). The major sedimentary changes are shown by the turbidite fans. The architectural 
elements are larger than those of  the previous mega-sequences and their spatial distribution reflects 
an important northward and westward progradation onto the rise (Figs. 4.5 and 4.11). This evo-
lution seems to be driven by the increase of  sediment supply, mainly via the Cap Ferret Channel, 
and also because the Cap Ferret and Cap Breton-Santander fans merge before the Jovellanos High, 
forming a unique leveed channel and related lobe that progrades onto the rise (Figs. 4.5 and 4.11). 
On the other hand, the material transported along the Torrelavega Canyon is channelized through 
the corridor between the lower slope and the Jovellanos down to the rise (Fig. 4.11). The flows esca-
ping from this channel also contribute to the oubuilding of  the lobe deposits.

At 4 Ma, another important change reflected in the architecture of  the seismic facies occurred, 
which is going to govern the deposition of  entire Meso-sequence A1 (Plio-Quaternary). This change 
was mainly caused by the installation of  the above-mentioned high frequency glacio-eustatic cycles 
(Mitchum & Van Wagoner, 1991; Revel et al., 1996; Zachos et al., 2001; Lisiecki & Raymo 2005, 
2007) that led to deposition of  shelf-margin deposits on the shelf-edge (Fig. 4.8A), and a change in 
the occurrence/activity of  mass-movements, mass-flow and turbidity processes of  slope and in the 
confined turbidity and related flows feeding the turbidite fans in the deep domain (Fig. 4.11). On 
the open upper and lower continental slope, sedimentation from erosive mass-movements and gra-
vitational flows increased and is characterised by an alternation of  periods of  high and low energy 
related with the mentioned high frequency of  sea level changes (Figs. 4.3 and 4.4). The lower slope 
also underwent the mass-wasting, favouring that the scars and related mass-transport sediments 
deposit over lower continental slope that can evolve to lobe deposits over the continental rise (Fig. 
4.2) merging with the fan deposits (Fig. 4.11). Superposed on this, in the Asturian Plateau, the 
continental slope deposits were affected by Mediterranean along-slope current that interacted with 
the morphostructure, eroding and sculpting several contouritic deposits with depositional (confined 
drifts, elongated mounded drifts, plastered drifts and sediment waves) and erosive (moats and scours) 
features (Figs. 4.2 and 4.11). During this last period the deep domain received more sediment supply, 
that leads to a rapid aggradation and progradation of  its constitutive deposits (mainly levees and 
lobes) (Figs. 4.3 and 4.5). This increase of  sediment input was driving mainly by the mentioned in-
crease of  slope failure and by a new relocation of  the channels of  the turbidite fans. In this case the 
Torrelavega Fan, abandoning the corridor between the lower continental slope and the Jovellanos 
High, joins to the other turbiditic channel (Capbreton-Santander plus Cap Ferret) to form a single 
leveed channel with an overwhelming levee to the north, a broad channel-lobe transition zone with 
erosive scours and a distal lobe that migrated northwest up to the recent location outside of  the 
study area (Fig. 4.11). The bibliography designed this new impressive turbidite system as the Cap 
Ferret Fan (Crémer, 1983; Faugères et al., 1998; Bourillet et al., 2006).
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Figure 4.11: Scheme showing the facies architecture that characterises to the shelf-to-rise entire system during the sedi-
mentary evolution of  the Cantabrian Continental Margin from Late Miocene to Plio-Quaternary. Lines represent the 
paleo-isobah of  the base of  Mega-sequence A. Note the changes in facies architecture during the development of  Meso-
sequences A2 (blue) and A1 (maroon).
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Chapter 5. Seismic stratigraphy and 
sedimentary evolution from 
Early Pliocene to Holocene

5.1. Introduction and dataset
This chapter is focused on the detailed analysis of  the seismic stratigraphy from Lower Pliocene to 
Holocene of  the distal Cantabrian Continental Margin. This study continues the previous stratigra-
phic study constituting a refinement and careful analysis of  the major geological boundaries in the 
Plio-Quaternary period. Although a more general Plio-Quaternary stratigraphy has been already 
presented in the previous chapter, the availability of  seismic records of  high and ultra-high resolu-
tion allows the meaningful analysis of  the Lower Pliocene to Holocene seismic stratigraphy of  the 
Le Danois countouritic deposits, and the Quaternary stratigraphy of  the open slope deposits of  the 
Santander Promontory and Landes Plateau, as well as the stratigraphy of  overbank deposits of  the 
Asturian Plateau and of  the turbidite fans in the continental rise. It is not possible to analyse the rest 
of  the areas in such detail due to the equipment’s technical limitations (lack of  penetration in areas 
of  steep slope or very irregular surfaces, and areas with consolidated and/or coarse sediments). The 
increase in the temporal resolution of  stratigraphic division helps to create time-series of  sedimen-
tary environmental changes, and, consequently, the creation of  correlation lines that have either a 
margin-scale or global-scale environmental utility, thus contributing to local and/or global recons-
tructions. In this sense, this detailed seismic stratigraphy provides new insights on the eustatic and 
oceanographic controlling factors in the study area and the ensuing sedimentary products. 

The general aims of  this chapter are:
- Establishing the stratigraphy and hierarchy of  divisions from Lower Pliocene to Holocene 

within the slope-to-rise system, 
- defining the structural features affecting the slope and rise facies’ architecture, and 
- analysing the sedimentary evolution of  the distal continental margin to identify the sedimen-

tary products produced in response to sea-level changes, sediment and oceanographic 
processes.
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Figure 5.1: Chapter dataset. A) Track-lines of  TOPAS and multibeam bathymetry data recovered in MARCONI I and 
II cruises; B) and C) dataset of  stratigraphic analysis of  Le Danois contouritic deposits of  Asturian Plateau: multibeam 
bathymetry from ECOMARG project, sparker seismic lines recovered during the GALIPORT cruise and single-channel 
airgun from the MARCONI I cruise. The location of  seismic records presented in the following figures are indicated.

5.1. Introduction and dataset

This study is based on the analysis of  high-resolution sparker seismic profiles obtained during the 
Galiport cruise onboard R/V Belgica, and ultra-high-resolution TOPAS seismic profiles obtained 
during the MARCONI cruises recover onboard the BIO Hespérides. This survey comprises seismic 
profiles perpendicular and parallel to the margin (Fig. 5.1). Multibeam bathymetry is also a useful 
tool for the interpretation of  results.
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5.2. Seismic boundaries an its proposed 
chronostratigraphy
The establishment of  an isochronic stratigraphic framework is based on the following criteria: i) 
Previous high-resolution seismostratigraphic studies in the Bay of  Biscay, whose seismic profiles 
have a resolution that can be correlated with sparker and TOPAS seismic profiles (Cholet et al., 
1968; Crémer, 1983; Faugères et al., 1998; Faugères et al., 2002; Gonthier et al., 2004; Iglesias et al., 
2008); ii) Previous stratigraphic studies based on sediment cores (gravity and piston) recovered from 
the Aquitano-Armorican margin and from the Biscay abyssal plain (Caralp, 1968, 1971; Winnock, 
1973; Duprat, 1983; Crémer et al., 1981, 1982, 1992; Crémer, 1983; Zaragosi et al., 2001; Auffret et 
al., 2000, 2002; Mojtahid et al., 2005; Toucanne et al., 2007, 2008; Penaud et al., 2008; Daniau et al., 
2009); these studies provides information about the age of  sediments and sedimentation rates; iii) 
Correlation with an equivalent sedimentary record from other margins around Iberia (Ercilla et al., 
1994b, 2002a; Hernández-Molina et al., 1994; Llave et al., 2001, 2006, 2007; Hernández-Molina et 
al., 2002, 2006; Stow et al., 2002; Abreu et al., 2003; García et al., 2006) and the Porcupine Seabight 
(Van Rooij et al., 2003, 2007; White, 2007; Van Rooij et al., 2008); these studies offer information 
about the sedimentary and environmental changes that occurred during the Plio-Quaternary pe-
riod on the margins around Iberia; iv) Correlation between seismic divisions and their bounding 
discontinuity ages with the Quaternary isotopic stratigraphy, which has a direct relationship with 
climatic, eustatic and paleoceanographic changes (Shackleton, 1987; Thunell & Williams, 1989; 
Alonso & Maldonado, 1992; Ercilla et al., 1994; Revel et al., 1996; Zazo, 1999; Zachos et al., 2001; 
Waelbroeck et al., 2002; Head & Gibbard, 2005; Lisiecki & Raymo, 2005, 2007); and v) Seismic 
patterns found in the vertical trending of  the TOPAS acoustic facies, their geometry, and type of  
boundary between levels of  similar facies, and their vertical patterns. These boundaries are corre-
latable to regional scale. 

The seismic records are divided into a hierarchy at different levels, sequences, units, sub-units and 
other sub-units of  minor order, from hundreds of  thousands to thousands of  years in scale. Table 
5.1 shows the new Plio-Quaternary stratigraphic succession. Three seismic sequences which are the 
lower A1c, the middle A1b and the upper A1a, are all defined in the Plio-Quaternary record (i.e., 
Meso-sequence A1). Sequence A1c is bounded by the D11 and D10 discontinuities; Sequence A1b is limited 
between the D10 and D5 discontinuities; and Sequence A1a is limited by the D5 discontinuity and the 
present-day seabed. 

The detailed analysis of  these sequences allows to define seismic stratigraphic divisions of  minor 
scale. Thus, Sequence A1b comprises three seismic units that go from older to younger: U5 , U4 and U3 
(Tab. 5.1). Unit U5 is bounded by the D10 and D9 discontinuities; Unit U4 is limited by the D9 and D7 
discontinuities and comprises sub-units U4B and U4B , which are separated by the D8 discontinuity; 
and finally, Unit U3 is limited by the D7 and D5 discontinuities and it has also two seismic sub-units, 
U3B and U3A , separated by the D6 discontinuity.

Sequence A1a comprises two seismic units: U2 , the older and U1 , the younger (Tab. 5.1). Unit U2 is 
bounded by D5 and D3 and comprises two sub-units: U2B and U2A , bounded by the D4 discontinuity. 
Unit U1 is limited by D3 and the present seabed, and it has three sub-units: U1C , U1B and U1A , sepa-
rated by the D2 and D1 discontinuities, respectively. 

To a minor scale, the detailed analysis of  the vertical pattern of  acoustic facies of  sub-units allows to 
delimit seismic sub-units of  minor order (Tab. 5.1). All of  them show a pattern with the same cycli-
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city: a transparent/weak-reflective low-amplitude zone at the base that changes upward to smooth 
parallel reflections of  moderate-to-high amplitude eroded by a high-amplitude erosive surface. Each 
seismic sub-unit is made up of  groups of  sub-units of  minor order with facies displaying similar ver-
tical acoustic patterns. In other words, it is a stratigraphy with divisions of  different order that could 
be arranged as a “Russian doll”. This cyclicity of  acoustic facies must be interpreted as changes/
cyclicities in the sediment texture, finer for the transparent deposits and coarser for the reflective 
stratified deposits (Llave et al., 2001; 2006). 

The correlations with the abovementioned studies allows the establishment of  the chronology for the 
seismic discontinuities. Thus, D11 is the LPR (Lower Pliocene Revolution) discontinuity (4.2 Ma); 
D10 is the UPR (Upper Pliocene Revolution) discontinuity that represents the boundary between the 
isotopic stages 100 and 101 (MIS 100/101; 2.4 Ma); D9 is the QB discontinuity (Quaternary Base, 
1.8 Ma); D8 is the MIS 48/47 (1.44 Ma); D7 is the MIS 40 (1.35 Ma); D6 is the MIS 30/31 (1.06 
Ma); D5 is the MPR (Middle Pleistocene Revolution) discontinuity (MIS 22/21; 0.9/0.92 Ma); D4 
and D3 represent the isotopic stage boundaries MIS 16/15 (650 ka) and MIS 13/12 (400 ka), respec-
tively; D2 is the MIS 10/9 (0.4 Ma); and D1 is the MIS 6/5 (135 ka). These previous studies consider 
that the major and minor discontinuities with a regional correlation have been formed by climatic, 
sea-level and palaeoceanographic changes of  major and minor orders. They have been formed 
mostly during sea-level falls, favouring their erosive character which is ideal for regional correlation.

5.2. Seismic boundaries an its proposed chronostratigraphy

Table 5.1: Seismic sequences, units, sub-units and sub-units of  minor order making up the lower Pliocene to Holocene 
sedimentary record of  the Cantabrian Continental Margin.
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Figure 5.2: Lower Pliocene to Holocene seismic stratigraphy of  the Le Danois contouritic deposits at scale of  sequence 
and units. Insets (A), (B) and (C) respectively show detailed interpretations of  the Le Danois Drift in the northern palae-
obasin (NPB), the drift transition zone in the southern palaeobasin (SPB) and the Gijón Drift. (AB: acoustic basement; 
SB: sub-basins). See figure 5.1 for location.

5.3. Lower Pliocene to Holocene seismic stratigra-
phy of  the Le Danois contouritic deposits

The previous Late Oligocene to Quaternary stratigraphy (Chapter 4) indicates that the Le Danois 
contouritic deposits began to develop during the Early Pliocene (during the Meso-sequence A1). The 
Plio-Quaternary sedimentary package (Meso-sequence A1) comprises three major sequences, A1c, A1b 
and A1a, and overlies mostly Miocene deposits strongly affected by basement palaeohighs. These 
palaeohighs create two W-E trending sub-basins in the deeper area of  the intra-slope basin (900 to 
2,000 m water depth) (Fig. 5.2). They are at least 60 km long and parallel to the Le Danois Bank. 
The northern palaeobasin (NPB) runs downslope widening towards east from about 4 to 9 km and 
extends at least down to 1,600 m water depth. The southern palaeobasin (SPB) is 8 km wide and 
narrows towards the Lastres Canyon where it finally disappears before the northern palaeobasin.

In the following sections, seismic sequences A1c to A1a, and their stratigraphic divisions into units 
and sub-units are described in detail, with respect to the nature of  boundaries, geometry, acoustic 
facies and sedimentary bodies (Tab. 5.1).
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Figure 5.3: The Le Danois Drift seismic stratigraphy at a scale of  sequences, units and sub-units. See figure 5.1 for 
location.

5.3. Lower Pliocene to Holocene seismic stratigraphy of  the Le Danois contouritic deposits.

5.3.1. Seismic Sequence A1c 

Seismic Sequence A1c is identified as the filling deposits of  the NPB and SPB (Figs. 5.2, 4.14, 5.4 
and 5.4). They rest on the LPR discontinuity that is defined by an irregular reflection. Its erosive 
character is more pronounced in the SPB (Fig. 5.2). Here, the LPR discontinuity defines a U-shape 
valley incision up to 8 km wide and 250 ms deep, whereas in the NPB it is a dipping planar surface. 
The UPR discontinuity also displays an erosive character which is more pronounced in the SPB. 
Here, the erosion also affects the LPR discontinuity making both boundaries undifferentiated (Fig. 
5.2B). This erosion also produces a U-shape valley of  8 km wide and 250 ms deep, characterised by 
an irregular seafloor. In the NPB, this discontinuity is a dipping planar surface.

The geometry of  the Sequence A1c is different in both palaeobasins. In the NPB, it abuts the sides of  
its surrounding highs, displaying a subtabular geometry with a thickness of  about 80 ms. In the SPB 
it shows a concave-upward lenticular cross-section of  about 70 ms thick that pinches out toward the 
palaeobasin sides. 
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Figure 5.4: Seismic stratigraphy of  the Le Danois Drift and its relationship with the Le Danois Moat and Plastered Drift 
1. Note de change in seismic facies of  Le Danois Drift from Sequence A1c to Sequence A1a. (AB: acoustic basement). See 
figure 5.1 for location.

From a seismic point of  view, both palaeobasins display remarkable differences in facies type. In 
the NPB, the Sequence A1c comprises a subparallel high-amplitude stratified facies. Towards the Le 
Danois Bank, it laterally passes to chaotic and wavy short reflections of  high to low amplitude (Figs. 
5.2A, 5.3 and 5.4), which represent small-scale (metric?) irregular sediment waves. Their vertical 
arrangement shows an apparent upslope migration that progressively onlaps the flank of  the Le 
Danois Bank. In the SPB, the Sequence A1c comprises a confined drift (Fig. 5.2A). This drift is asym-
metric and associated with moats located on both sides of  the palaeobasin. It is characterised by an 
undulated stratified facies of  high lateral continuity, high to medium amplitude and with a sigmoidal 
geometry. The moats are characterised by discontinuous stratified and chaotic facies with acoustic 
amplitude higher than that of  the drift. The contourite stratal pattern reflects an upslope migration 
of  the drift-moat association that progressively onlaps and fills the palaeobasin.
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5.3. Lower Pliocene to Holocene seismic stratigraphy of  the Le Danois contouritic deposits.

Figure. 5.5: Seismic stratigraphy of  the Le Danois Drift within the northern palaeobasin illustrating the upslope migra-
tion of  the Le Danois Moat. Note also the transition from the confined drifts (A1b) towards the elongated mounded drifts 
(A1a). (AB: acoustic basement). See figure 5.1 for location.

5.3.2. Seismic Sequence A1b

Seismic Sequence A1b, which is bounded by UPR and MPR discontinuities, also contributes to the 
filling of  both palaeobasins, gradually burying their palaeotopography (Fig. 5.2). Both palaeobasins 
continue displaying different seismic facies. Within each of  them, three units, U5 , U4 and U3 , show a 
similar depositional stratal growth pattern. The lower UPR discontinuity is an onlap surface, while 
the upper MPR discontinuity is a prominent irregular erosive reflection where at least three relati-
vely small depressions/sub-basins are identified: a northern (5 km wide) over the NPB and a central 
(2.5 km wide) and southern (8 km wide) over the SPB (Fig. 5.2). 

In the NPB, Sequence A1b is (150 ms thick) subdivided into units U5 (45 ms), U4 (50 ms) and U3 
(55 ms). Their internal boundaries, QB and D4 locally display downlap and truncation termina-
tions. Although the sediment thickness of  their sub-units is laterally variable,the following average 
representative values are considered: ~33 ms for Sub-unit U4B ; ~30 ms for U4B ; ~24 ms for U3B ; and 
~26 ms for Sub-unit U3A . Within this sequence mostly confined drift deposits, and locally sediment 
waves, are recognized (Figs. 5.2A, 5.4, 5.4 and 5.6). From units U5 to U3 , and also from Sub-unit 
U4B to U3A , the contouritic deposits are confined drifts which evolve progressively from subtabu-
lar to mounded geometries, bound by two moats. They are characterised by subparallel stratified 
facies with different acoustic amplitude. The moats are characterised by discontinuous and chaotic 
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stratified reflections of  higher acoustic amplitude. The vertical stacking of  these deposits shows an 
upslope migration with a progressive onlap over the UPR discontinuity, gradually reaching the flank 
of  the Le Danois Bank (Figs. 5.2, 5.3 and 5.4). The observed sediment waves form a 30 ms thick 
level within the lower section of  Unit U5 (Fig. 5.6 and Tab. 2). This level is located in the eastern-
most sector of  the Le Danois contouritic deposits and pinches out westward. These metric-scaled 
sediment waves (600 m wave-length and < 5 m wave-height) are irregular and defined by reflections 
of  relatively high acoustic amplitude. Their stratal pattern does not display clear evidence of  mi-
gration. 

In the SPB, Sequence A1b is up to 140 ms thick and contributes to its progressive infilling (Figs. 5.2 
and 5.4). As within the NPB, units U5 (50 ms), U4 (45 ms) and U3 (45 ms) are separated by their 
internal boundaries Qb and D4 which are conformity surfaces. Units are make up sediment waves 
characterised by wavy stratified reflections whose acoustic amplitude, lateral continuity and wave 
scale change from units U5 to U3 . The acoustic character varies vertically, increasing towards Unit 
U3 (Fig. 5.2). The sediment waves in units U5 and U4 are stratified reflections with lateral continuity 
between them. They have an unconformable configuration with convergent reflections approaching 
the wave crests. Their wave-length increases vertically from 1 to 1.5 km, whilst their wave-height 
decreases vertically from 20 to less than 10 ms (Fig. 5.2). These kilometric-scaled U5 and U4 sedi-
ment waves display an aggrading pattern without evidence of  migration. Conversely, the sediment 
waves of  Unit U3 are formed by reflections of  short lateral continuity that resemble irregular sedi-
ment waves of  metric scale (Fig. 5.2). They rest unconformable over the underlying larger waves. 
The stacking of  the three units forms a sediment-wave sequence that onlaps on both sides of  the 
southern palaeobasin (i.e., the UPR discontinuity).

5.3.3. Seismic Sequence A1a

Seismic Sequence A1a occupies a larger area than the previous ones, extending from the uppermost 
slope (400 m water depth) down to the foot of  the Le Danois Bank (1,900 m water depth) (Fig. 5.2). 
Its thickness is variable, ranging from 180 to 250 ms. Locally, this sequence is also present on the 
southeastern flank of  the Le Danois Bank, where it shows an isolated patched distribution (8 km 
wide) with a comparatively lower thickness (below 50 ms) (Figs. 4 and 5.8). This sequence is bound 
by the MPR discontinuity whose palaeotopography already roughly reflects the present-day mor-
phology of  the intra-slope basin (Fig. 5.2). Locally, some differences are found due to its irregular 
palaeotopography where the three small sub-basins are identified (900 to 1,800 m water depth). 
These irregularities are progressively filled by the seismic units of  this sequence, U2 and U1 (Figs. 5.2, 
5.4 and 5.4). The D2 discontinuity between these units mark changes in the internal architecture 
and/or contouritic deposits. They are mostly concordant reflections that laterally change to erosive 
in the deeper part of  the intra-slope basin. The high-resolution sparker data show that this sequence 
contains the sub-units U2B , U2A , U1C , U1B and U1A . Their average sediment thickness are ~46 ms 
for U2B , ~49 ms for U2A ; ~28 ms for U1B , ~38 ms for U1B and ~50 ms for U1A (Figs. 5.3, 5.4 and 
5.6).These sub-units show the above mentioned cyclicity pattern in the reflectivity of  their acoustic 
facies (i.e, a transparent/weak zone at the base that changes upward to smooth, parallel reflections 
of  moderate-to-high amplitude eroded by a high-amplitude erosive continuous surface). 

Sequence A1a is characterised by a large variety of  contouritic deposits which are interpreted as 
mounded elongated and separated drifts and plastered drifts with superimposed sediment waves. 
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The mounded elongated and separated drifts are defined by an unconformable and roughly confor-
mable stratified facies of  high lateral continuity displaying mounded and sigmoidal geometries. The 
acoustic facies shows a cyclic vertical pattern from low to high amplitude in each seismic unit, inclu-
ding a general upward increase throughout the sequence (Figs. 5.3, 5.4 and 5.6). The stratal pattern 
of  the drifts is complex and shows a general sigmoidal progradation with locally downlap and onlap 
terminations and lateral thickness variations between reflections. Likewise, internal discontinuities 
are also observed, such as downlap and erosive surfaces that can be traceable throughout the drift. 
The drifts generally are asymmetric, with a short steep flank towards the moat and a smooth and 
large backside flank (Figs. 5.2, 5.3, 5.4, 5.4 and 11). Some drifts display more than one crest due to 
the presence of  a subsidiary drift associated to a small moat on its backside (Fig. 5.4). The elonga-
ted mounded drifts are associated to two or one moats close to the palaeo-highs (Figs. 5.3, 5.4 and 
5.4). These moats are characterised by discontinuous stratified and chaotic facies with locally higher 
acoustic amplitude than that of  the drift. Some of  the moat reflections laterally continue into the 
drifts (Figs. 5.3 and 5.4), while others onlap on U-shaped surfaces of  high amplitude resembling cut-
and-fill features (Fig. 5.4). The general stratal pattern of  the drift-moat association reflects for the 
first time a clear an upslope migration, showing onlap on the palaeo-highs (e.g., Le Danois Bank) 
and the seafloor of  the upper continental slope (Figs. 5.5 and 5.7). The seismic architecture, geome-
try and location of  the drifts changes through time, from units U2 to U1 . This would indicate that 
the drifts underwent several relocations.
 
Seismic Unit U2 contains three different mounded elongated drift deposits, located within the inhe-
rited northern, central and southern sub-basins of  the MPR discontinuity (Fig. 5.2). These deposits 
show a smooth mounded shape but, they have a patchy distribution, as they are interrupted by the 
acoustic basement (Fig. 5.2). The three drifts display upslope migration, gradually infilling and mo-
ving outside the subbains. Underlying the northern drift deposits, a set of  sediment waves is iden-
tified at the base of  Sub-unit U2B (Fig. 5.6). They are characterised by discontinuous wavy stratified 
facies with variable acoustic amplitude. The wave morphology is not easy to be outlined and they 
resemble small scale irregular sediment waves. Their internal architecture suggests a progressive 
upslope migration (for at least 1 km) upon the MPR discontinuity in E-W direction, parallel to the 
Le Danois Bank (Fig. 5.6).

The mounded elongated drift deposits of  seismic Unit U1 completely mask the MPR palaeotopogra-
phy and only gently reminders of  the northern and southern sub-basins remain. In this unit, the Le 
Danois Drift changes to an elongated and separated style and the Gijón drift begins to be created 
for the first time, also showing an elongated mounded style. The Gijón Drift with its associated moat 
is deposited on a new sector of  the intra-slope basin, enlarging the area affected by contouritic de-
posits (Fig. 5.2). This new area (275 km2) is located on the proximal upper slope and extends from 
400 to 1,000 water depth between the Gijón and Lastres canyons (Figs. 5.2 and 11). In the northern 
SB, the Le Danois Moat attached to Le Danois Bank gradually becomes better developed compa-
red to the opposite (inherited) one which progressively disappears throughout Sub-unit U1B (Figs. 5.2 
and 5.4). Both the northern and southern sub-basin deposits pinch out in opposite directions with 
their deposits progressively extending toward the axis of  the intra-slope basin. The resolution of  
the seismic profiles does not allow determining interfingering between both southern and northern 
deposits or not. 

5.3. Lower Pliocene to Holocene seismic stratigraphy of  the Le Danois contouritic deposits.
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Figure 5.6: Sparker seismic profile of  the Le Danois Drift deposits with the proposed seismic stratigraphy where packa-
ges of  sediment waves can be observed in the Sequence A1b and Sequence A1a. See figure 5.1 for location. 

The presence of  the mounded and separated elongated Le Danois and Gijón drifts appears to be 
enhanced during the deposition of  seismic Unit Uc (Figs. 5.2, 5.4). They are built by vertical stacking 
of  upslope prograding stratified sediment packages. The total upslope migration of  the Le Danois 
drift amounts to about 2.8 km on a horizontal scale and 130 ms in average relief. The internal archi-
tecture of  the Gijón drift-moat association shows more than 5 km of  upslope migration (southward) 
(Fig. 5.2). This migration produces a lateral accretionary fill of  the Gijón Moat with drift deposits. 
By consequence, the valley/moat is asymmetric with a depositional eastern wall and an erosive 
western one. Towards the transition zone between Le Danois and Gijón drifts, an aggrading facies 
is observed, characterised by parallel-laminated, laterally continuous reflections with an onlap re-
flection configuration (Fig. 5.2). A general reflective increase is observed between Sub-unit U1C and 
Sub-unit U1A . 
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5.3. Lower Pliocene to Holocene seismic stratigraphy of  the Le Danois contouritic deposits.

Figure 5.7: Single-channel airgun seismic profile illustrating the westward migration of  the Gijón Drift and Moat that 
take placed from Unit U2 to Unit U1 . Note the thickness of  this deposit in comparison with the other Le Danois contouri-
tic deposits. See figure 5.1 for location.

The plastered drifts appear for the first time in the Sequence A1a and they correspond to the plastered 
drifts 0, 1 and 2. They are seismically defined by conformable stratified facies of  high lateral conti-
nuity and high and very high acoustic amplitude (Figs. 5.4 and 5.8). Their general acoustic character 
increases vertically, although in detail a vertical cyclic pattern from high to very high reflectivity is 
observed. This facies shows an aggrading pattern that rests unconformably over folded and faulted 
deposits of  the Le Danois Bank. Only Plastered Drift 1 is observed from seismic profiles. This plas-
tered drift displays a mounded and laminar geometry in cross-sections (Fig. 5.8) and an irregular 
elongated shape in plan-view (Fig. 4). Internally, three seismic units bounded by erosive surfaces are 
defined, but it is difficult to make their correlation with the general stratigraphic units defined in the 
mounded elongated and separated Gijón and Le Danois drifts. They appear as patches on the wall 
of  the Le Danois Bank at different water depths. Their dimensions are very variable, from 2 to 20 
km long and less than 60 ms thick.
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Figure 5.8: Internal seismic pattern of  Plastered Drift 1 on the south flank of  the Le Danois Bank. See figure 5.1 for 
location.
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5.4. Pleistocene to Holocene seismic stratigraphy 
of  open slope and overbank deposits

The Quaternary stratigraphic succession (upper part of  Meso-sequence A1, i.e. the entire Sequence A1a 
and the upper part of  Sequence A1b; Tab. 5.1.) is studied in detail on the Santander and Landes open 
slope deposits as well as on the overbank deposits of  the Le Danois Leveed-Channel and overbank 
deposits of  the turbidite fans of  continental rise (Cap Ferret Fan following the nomenclature of  
Crémer, 1983; Faugères et al., 1998; among others) (Fig. 3.4). All these deposits are disconnected 
and, then, the correlation between their stratigraphic divisions is based on correlations among seis-
mic facies rather than on the mapping of  discontinuities (Fig. 5.9).

Figure 5.9. Correlation of  TOPAS seismic records among the open slope deposits of  the Santander Promontory, open 
slope deposits of  Landes Plateau, the overbank deposits of  the Le Danois Leveed-Channel and the overbank deposits 
of  the Cap Ferret Fan. 

5.4. Quaternary to Holocene seismic stratigraphy of  open slope and overbank deposits
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The Quaternary sedimentary package of  these deposits also comprises the defined seismic units U3, 
U2 and U1 that can be correlated with the Le Danois contouritic deposits. In the following sections, 
these units and their stratigraphic divisions into sub-units are described in detail with respect to the 
nature of  their boundaries, geometry, and acoustic facies.

5.4.1. Seismic Unit U3

Only the upper part of  seismic Unit U3 is locally identified due to the lack of  penetration of  the 
high-resolution systems (Figs. 5.9, 5.10, 5.11, 5.12 and 5.13). The upper boundary D5 is a low-
reflectivity surface that locally presents a highly erosive character. This unit shows semi-transparent 
facies and locally parallel stratified facies with very low reflectivity (Fig. 5.9). Within these facies, 
internal discontinuities bounding sub-units and minor order sub-units displaying the same acoustic 
pattern are identified. The discontinuities with high-reflective seismic character are proposed as the 
limit between sub-units U3A and U3B (Tab. 5.1). The other seismic discontinuities define minor order 
sub-units. In the open slope deposits of  the Santander Promontory and Landes Plateau, Unit U3 
displays a tabular geometry (35 ms average thick) and would have consisted of  muddy unconfined 
turbidites interbedded with hemipelagites showing an agradational pattern (Figs. 5.11 and 5.12). In 
the overbank deposits, Unit U3 would have been formed by muddy turbiditic deposits with a wedge-
shape to subtabular geometry as well as an average thickness of  20 ms for deposits of  the Le Danois 
Leveed-Channel and 35 ms for deep deposits of  the Cap Ferret Fan (Figs. 5.10 and 5.13). 

5.4.2. Seismic Unit U2

Seismic Unit U2 is bounded at the bottom by the D5 discontinuity and its upper limit is the D3 dis-
continuity, which is defined by a very high-reflective and locally erosive surface. Acoustically, Unit 
U2 is characterised by the stacking of  packages with the vertical trend from semi-transparent and/
or stratified facies of  low-amplitude to parallel stratified facies of  moderate to high-amplitude that 
are topped by the erosive surface D3 (Figs. 5.9, 5.10, 5.11, 5.12 and 5.13). These facies are locally 
affected by lenticular transparent facies, about few km long and less than 10 ms thick (Figs. 5.10 and 
5.13). In the open slope deposits, Unit U2 displays a geometry that goes from tabular to sub-tabular 
shape (35 ms average thick), interpreted by the vertical stacking of  muddier to siltier/sandier un-
confined turbidites and hemipelagic muds (Figs. 5.11 and 5.12). In the overbank deposits, Unit U2 
displays a geometry that goes from sub-tabular to wedge-shaped with thickness increasing towards 
the turbiditic channel (maximum thickness: 25 ms in the Le Danois Leveed-Channel and 45 ms in 
the Cap Ferret Fan) (Figs. 5.10 and 5.13). These packages are interpreted as over-spilling deposits 
(turbidites) of  different textures, deposited from fine-grained to coarse-grained turbidity flows which 
are intercalated with hemipelagic rainfall that develop the sheet-like deposits. Locally, the overbank 
deposits are affected by lenticular bodies of  mass-flow deposits, less than 10 ms thick and 10 km 
long, that are the product of  splays and channel avulsions (Figs. 5.10C and 5.13B). Unit U2 is divided 
into at least two seismic sub-units (U2B and U2A ) separated by the D4 discontinuity. Each sub-unit 
comprises sub-units of  minor order. Sub-unit U2B , located between the D5 and D4 discontinuities, is 
internally compounded by three minor order sub-units (100 ka) of  9 ms average thickness, and each 
one is characterised by a thicker lower package of  low reflectivity and a thinner one of  high reflec-
tivity at the top (Figs. 5.10, 5.11, 5.12 and 5.13). This difference in thickness may suggest a predo-
minance of  muddy deposits in both open slope and overbank deposits. Seismic Sub-unit U2A , found 
between the D4 and D3 discontinuities, is internally compounded by two minor order sub-units of  6 
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5.4. Quaternary to Holocene seismic stratigraphy of  open slope and overbank deposits

Figure 5.10: Pleistocene to Holocene seismic stratigraphy of  the overbank deposits in the Le Danois Leveed-Channel. 
A) and B) TOPAS seismic profiles showing the units and sub-units making up the overbank deposits; and C) a mass-flow 
deposit ilustrating the ocurrence of  splays and avulsions in this leveed-channel. The red rectangle shows the window 
used as a correlation polygon in Fig. 5.9. See the multibeam shaded mean depth mosaic and Fig. 5.1 for location of  
seismic profiles. 

Figure 5.11: Pleistocene to Holocene seismic stratigraphy in the open slope deposits of  the Santander Promontory: A) 
and B) TOPAS seismic records with the seismic units and sub-units outbuilding the open slope deposits. See the multi-
beam shaded mean depth mosaic and Fig. 5.1 for location of  seismic profiles.
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ms average thickness, each one characterised by alternating low/high-reflectivity packages of  simi-
lar thickness. This difference of  thickness may indicate that Sub-unit U2A comprises relatively coarser 
deposits in both open slope and overbank deposits.

5.4.3. Seismic Unit U1

The most recent seismic Unit U1 occurs between the D3 discontinuity and the present seabed. It is 
also characterised by the vertical trend from semi-transparent and/or stratified facies of  low ampli-
tude to stratified parallel facies of  moderate to high amplitude that is topped by erosive surfaces (Fig. 
5.9). The open slope deposits present tabular geometry (40 ms thick) (Figs. 5.11 and 5.12). In the 
overbank deposits, Unit U1 has a wedge-shaped geometry (Figs. 5.10 and 5.13). Unit U1 is divided into 
sub-units and each one of  these sub-units are further divided into lower order sub-units. All of  them 
show the abovementioned vertical acoustic trend. Therefore, Unit U1 comprises three sub-units: U1C 

, U1B and U1A . The lower Sub-unit U1C , situated between the D3 and D2 discontinuities, displays two 
minor order sub-units of  7 ms average thickness, each one characterised by a thinner lower package 
of  low reflectivity (that is absent locally) and a thicker package of  striking higher reflectivity at the 
top. This last one shows frequent lenticular deposits of  transparent facies that interrupt the lateral 
continuity of  the deposits (Fig. 5.10C). This subunit (U1C ), which is easily indentified all around 
the margin due to its very high reflectivity (Figs. 5.9), is interpreted as comprising mostly relatively 
coarser deposits in both open slope and overbank deposits. Sub-unit U1B is formed by three thin (5 
ms) minor order sub-units that display alternation of  low and high reflectivity packages of  similar 
thickness. Sub-unit U1A is compounded of  only one minor order sub-unit (15 ms thick) with the high-
reflectivity packages proportionally thicker than that of  the minor order sub-units of  Sub-unit U1B , 
and a thick low-reflectivity package at the top.

Figure 5.12: Pleistocene to Holocene seismic stratigraphy in the open slope deposits of  the Landes Plateau: A), B), C) 
and D) different TOPAS sections showing the stratigraphic division at scale of  units and sub-units.
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5.4. Quaternary to Holocene seismic stratigraphy of  open slope and overbank deposits

Figure 5.13: Pleistocene to Holocene seismic stratigraphy in the overbank deposits of  Cap Ferret Fan: A) and B) TOPAS 
seismic records showing the stratigraphy in the proximal (A) and distal (B) part of  Cap Ferret overbank deposits.

5.5. Structural features
The Plio-Quaternary deposits are affected by structural features in two areas of  the continental 
slope, the north-western of  the Landes Plateau and the intra-slope basin of  the Asturian Plateau. 
The analysis of  airgun seismic records supported by the previous literature (Chapter 4, section 4.2.4) 
allows to state that these features are related to fluid dynamics, i.e. reactivation of  tectonic faults 
and rising of  diapirs. Folds, faults and pockforms related to this activity were identified in the Plio-
Quaternary deposits (Fig. 5.15). The folds are identified by the flexure of  reflectors without rupture. 
They were observed in the Landes and Asturian Plateaus, and associated to readjustments of  sha-
llow tectonic ridges and/or underlying diapirs (Figs. 4.7.C and 4.7G). These flexures locally affect 
the entire Plio-Quaternary sedimentary package producing local irregularities in the seafloor (Figs. 
5.15A, 5.15B and 5.15D). The scale of  these structures ranges from 3 to 0.5 km wavelength and 
from 100 to 10 m amplitude. The faults have been identified by the displacement of  reflectors that 
cross them (Figs. 5.15C and 5.15D). They are associated to some flexural features that occur over 
the diapirs in the Landes Plateau (Fig. 4.7F). They are normal and reverse faults with displacements 
of  metric scale that produce seafloor expressions.
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Figure 5.14: Structural features affecting to the Lower Pliocene to Holocene deposits. A) Folds and posible faults in the 
intra-slope basin; B) and C) pockforms in the Landes Plateau with associated folds and faults; and D) fault with seafloor 
expresion in the Landes Plateau. A tree diagram simplifying the main structural features is displayed. See figures 4.7F 
and 4.7G for more information about the underlying structural setting. 
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5.5. Discussion: sedimentary evolution and controlling factors

5.6. Sedimentary evolution
The stratigraphic divisions and facies analyses established for the contourite drifts, along with those 
for open slope and overbank deposits of  the continental slope and the overbank deposits of  the rise 
and together with the geo-historical analysis (mainly those works from the literature about the Qua-
ternary climatic changes) allows to reconstruct in detail the Early Pliocene to Holocene sedimentary 
evolution of  the Cantabrian Continental Margin. This reconstruction is made in terms of  activity 
of  sedimentary systems and processes as well as the global (eustatic) and local (oceanographic) sig-
nificance of  the sedimentary products in order to suggest how they may have interacted to produce 
the expected seismic stratigraphy. 

The spatial and temporal distributions of  the contouritic, open slope and overbank deposits reflect 
that the depositional history involved several relocations and changes in drift type, as well as in open 
slope and fan overbank deposits (Tab. 5.1 and Figs. 5.2 and 5.9). The major driving forces that 
produce deposits are the Plio-Quaternary climate and sea-level variability and also the Mesozoic 
structurally-controlled palaeotopography, especially as far as contouritic deposits of  the intra-slope 
basin are concerned. The climate and sea-level changes have governed their sediment types (seismic 
facies), pattern of  stratigraphy and thickness, while the paleotopography has governed the circula-
tion model of  the MOW and the type of  contouritic deposits produced. Indirectly, the climate and 
sea-level changes have also governed the oceanography and general behaviour of  the MOW (Llave 
et al., 2001; 2006; Hernández-Molina et al., 2003, 2006). The three major sequences of  contourite 
drift deposits (Tab. 5.2) invoke three main evolutionary stages of  the Le Danois contouritic deposits. 
The three chief  units of  the open slope and overbank deposits invoke two main evolutionary stages 
correlatable with the two more recent ones of  the Le Danois contouritic deposits. Due to that fact, 
the sedimentary evolution of  all of  the systems will be discussed as a whole. In addition, their sub-
sequent changes in morphology, stacking pattern, as well as the timing and extent of  the sequence, 
unit and sub-units boundaries will be also discussed. 

5.6.1. First stage: from LPR (4.2 Ma) to UPR (2.4 Ma)

This stage is coincident with the seismic Sequence A1c of  the Le Danois contourites (Tab. 5.1). The 
irregular LPR discontinuity represents the onset of  the drift accumulation within the intra-slope 
basin. As such, the LPR clearly marks the beginning of  MOW interaction with this sector of  the 
Cantabrian Margin. A contemporary contourite depositional system started to develop within the 
Gulf  of  Cadiz, due to the establishment of  the MOW circulation (Hernández-Molina et al., 2002, 
2006; Llave et al. 2007), although the nature and geometry of  the Le Danois Sequence A1c drift de-
posits is more pronounced. An equivalent of  the LPR is also present along the NE Atlantic margin 
(Stoker, 1998, McDonnell & Shannon, 2001; Stoker et al., 2001, 2005). During this initial stage, the 
influence and vigour of  the MOW may have still been temperate, since its present-day mechanism 
of  formation only started from the UPR onwards (Hernández-Molina et al., 2006). 

The deposition, localisation and geometry of  the Le Danois contouritic deposits are predominantly 
controlled by the presence and interaction of  that “immature” MOW with the palaeotopography 
created by the palaeohighs together with the LPR erosive action within the Miocene sedimentary 
basement. Upon entry within the intra-slope basin, the “immature” MOW is split by the palaeohighs 
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and confined within the palaeobasins, creating vortices. The confined drift in the SPB can be seen 
as the typical example where a constrained circulation will increase the velocities at the sidewall to 
create a lenticular deposit (Faugères et al., 1999; Rebesco, 2005). This, however, is not the case in the 
NPB, where only the northern flank shows the influence of  alongslope flowing currents, creating the 
upslope migrating sediment waves (Wynn & Stow, 2002). The sediment input is still relatively mode-
rate due to the Lower Pliocene low-amplitude sea-level variability along the road towards pronoun-
ced Pleistocene glaciations (Zachos et al., 2001; Head & Gibbard, 2005; Lisiecki & Raymo, 2005, 
2007). These deposits will contribute to the progressive filling of  the abovementioned palaeobasins. 

5.6.2. Second stage: from UPR (2.4 Ma) to MPR (0.9 Ma)

This stage is coincident with the seismic Sequence A1b of  the Le Danois conturite systems, and in-
cludes lower seismic Unit U3 recorded in open slope and fan overbank deposits. Its lower boundary 
is the UPR discontinuity. Similarly to what happened in the initial stage, the seismic facies and the 
depositional geometries observed within the Sequence A1b of  the Le Danois contourites indicate that 
the contouritic depositional dynamics within both sub-basins remains different. 

Inside the NPB, the progressive evolution from sub-tabular (Unit U5 ) to mounded (units U4 and U3) 
confined drifts with moat illustrates the gradual increase of  bottom-current flow. The mere presen-
ce of  these confined drifts indicates that the MOW remains confined by the previously mentioned 
palaeotopographic irregularities. Adjacent moats indicate local cores close to the sidewalls of  those 
irregularities. The presence of  the subtabular level of  sediment waves at the eastern part of  the Le 
Danois confined drift, which displays a stratal pattern with slow westward migration (Fig. 5.6), might 
be attributed to a similar process that generates present-day sediment wave fields (Fig. 3.15). The 
influence of  a more active NADW (LSW) circulation within the east (spreading more to the west 
compared to present-day) during transitional or interglacial periods might be used to explain the 
creation of  sediment waves from the base of  the UPR to the base of  the MPR (Figs. 5.2 and 5.6). 
With respect to the SPB, a confined and waverly behaviour of  the MOW will build the stationary 
sediment waves that form the contouritic body through vertical stacking (Fig. 5.2). Towards the end 
of  this stage, the Sequence A1b deposits will have filled most of  the previous sub-basins formed by the 
LPR and the tectonic setting.

Changes in drift geometry depositional styles and the introduction of  the stacked medium-resolu-
tion sub-units are related to the interplay between the palaeotopographic changes and Pliocene to 
Early Pleistocene palaeoclimatic processes. The onset of  the northern hemisphere glaciations, with 
more dominating and higher-amplitude 40 ka obliquity cycles, was gradually introduced from 3 to 
2.5 Ma (Lisiecki & Raymo, 2007), starting to play a pronounced role in the NW European margin 
stratigraphy (Laberg et al., 2005; Stoker et al., 2005). Additionally, since the UPR, the present-day 
oceanographic exchange model at Gibraltar Strait was established (Hernández-Molina et al., 2006). 
The UPR triggered variations within climatic control, causing less Mediterranean outflow during 
glacial periods. However, in the Gulf  of  Cadiz, the MOW became deeper and more intense, hence 
playing a stronger role in deeper waters due to their higher salinities and densities (Schönfeld & 
Zahn, 2000; Cacho et al., 2000; Llave et al., 2006; Hernández-Molina et al., 2006). As such, the early 
Pleistocene effects of  climatic control on the presence and flow intensity of  both northern-sourced 
and Mediterranean bottom-water masses, as well as on the sedimentary input, become more visi-
ble within the sedimentary record of  the Le Danois contouritic deposits. This is mainly expressed 
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through the introduction of  the stacking of  seismic units (U5 to U3) and sub-units (U4B to U3A), and a 
more pronounced (interglacial) current-controlled shaping of  these sub-units into confined sediment 
drifts.

In those sectors of  the Cantabrian Continental Margin unaffected by the Mediterranean water 
scouring, the climate and sea-level changes are the main sedimentation-control factors, i.e., the 
sedimentation occurring in open slope areas and in continental rise. In fact, the stratigraphy indi-
cates that these changes are synchronous at the margin scale. The abovementioned predominance 
of  short (40 ka) and low amplitude climatic oscillations at this stage conditioned the occurrence of  
eustatic variations, which were of  similar high frequency and low amplitude (ranging from 30 to 50 
m) (Head & Gibbard, 2005; Lisiecki & Raymo, 2005, 2007). In this context, the impact of  coastli-
ne movements affected mostly the sedimentary environments of  the proximal continental margin 
because the coastline and other associated sediment sources could never reach the shelf-break. As 
a consequence, environments beyond the shelf-edge were characterised by muddy gravitative flows 
(turbidity currents and related diluted flows) of  low-density and low-erosive character, and hemipe-
lagic settling. These processes favoured the homogeneous stacking of  the open slope deposits of  the 
Santander Promontory and Landes Plateau, most of  which present low-reflectivity and fine-grained 
facies (Figs. 5.11 and 5.12). These seismic characteristics are also observed from the wedge-shaped 
to the tabular overbank deposits of  the Le Danois Leveed-Channel and Cap Ferret Fan, which pre-
sent a good development bearing in mind these characteristics’ gravitational flows (Figs. 5.10 and 
5.13). As it occurred at the Le Danois contouritic systems, the glacio-eustatic cyclicity favoured the 
deposition of  the Unit U3 and sub-units (U3B and U3A), each of  them being associated to an entire 
cycle of  sea level change, though in a different order (higher than 40 ka). The erosive surfaces boun-
ding the unit and sub-units would divide different cycles. These surfaces were formed during the fall 
and/or lowstand stages when base-level became progressively lower. Consequently, the erosion and 
transport capacity of  the hinterland sediment sources (rivers) and erosion over the shelf  deposits 
increased, thus allowing relatively denser, coarser and erosive gravitational flows.

5.6.3. Third stage: from MPR (0.9 Ma) to present

This stage is coincident with the upper seismic sequence (Sequence A1a). The upper boundary of  
Sequence A1b was created by a new drastic event which produced intense erosion during the middle 
Pleistocene. This truncation will be the base of  the Sequence A1a and the beginning of  the third evo-
lutionary stage. The middle Pleistocene lowered sea-level is related to an important change in the 
climatic trend, driven by a shift in glacial/interglacial periodicity from 40 to 100 ka together with 
an increase in the cycle amplitude (Head & Gibbard, 2005; Lisiecki & Raymo, 2005, 2007). This is 
the so called Middle Pleistocene Revolution (MPR). In the Le Danois contourites, this erosive event 
created three minor sub-basins (Fig. 5.2) within the Sequence A1b, that almost filled the previous NPB 
and SPB. Nevertheless, complete obliteration of  the entire palaeotopography had been already 
achieved after the deposition of  the youngest Unit U2. Both the change in MOW behaviour, which 
became more vigorous, and palaeotopographic changes enabled a progressive adjustment in the ar-
chitectural pattern and growing style of  the contouritic deposits towards an elongate drift type. The 
contouritic deposits progressively occupied more and more space, while during the course of  the 
Sequence A1a deposition, plastered drift bodies appeared on the southern flank of  the Le Danois Bank 
and the new Gijón Drift started to quickly grow upslope towards the Cantabrian shelf. In this third 
stage there will also be a significant change in medium-resolution subunit thickness after the MPR. 
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During the MPR, the vigour of  the MOW culminates and full glacial/interglacial MOW intensity 
is established. Due to the absence of  topographic irregularities, MOW behaviour evolves to present-
day situation, with fewer cores and more extensive (or broader) influence. After the MPR erosion, 
one large, extended basin was created over the entire intraslope domain. This lead to a unification 
of  seismic facies and enabled a more extensive effect of  depositional processes related to the MOW, 
especially in the proximal domain of  the upper slope, where the Gijón Drift will be formed. As such, 
previously deposited confined drifts change to present morphosedimentary features. Unit U2 plays 
a transitional role in this change. First of  all, its deposition starts in the three sub-basins created by 
the MPR erosion (Fig. 5.2). Although U2 still seems to be locally confined (Figs. 5.2 and 5.4), it grows 
out of  the sub-basins as an elongated drift that occupies more and more space (Fig. 5.4). From the 
deposition of  Sub-unit U1C (base of  Unit U1) onwards, all drifts show an elongated mounded upslope 
prograding style. Sub-unit U1C also masks completely the MPR palaeotopography and puts a stop to 
the influence of  the palaeo- and sub-basins. In the northern part of  the intra-slope basin, it grows 
further as the Le Danois Drift. From the base of  Sub-unit U1C , there is also a drastic growth towards 
the southern part of  the basin, creating the Gijón Drift (Figs. 5.2 and 5.7). The progressive occupa-
tion of  this space is explained at the beginning by the more vigorous behaviour of  the MOW that is 
now affected by the Vizco High. In addition to this, the progressive development of  the Gijón Drift 
and Moat contributes to MOW constraining, thus leading to an increase in the individualization of  
the southern branch. After the MPR, there is not only a marked change in geometry from confined 
to mounded elongated drifts, but also a pronounced increase in sedimentation rates and a clearer 
upslope migration of  the drift-moat association (Figs. 5.2, 5.3, 5.4 and 5.5). Likewise, deposition of  
plastered drifts starts to build on the southern flank of  the Le Danois Bank (Figs. 5.4 and 5.8).

In this stage, palaeoceanographic changes start to be more closely related to climatic and sea-level 
changes. The gradual change to 100 ka cycles and the high-amplitude glacial/interglacial cyclicity 
become markedly visible within the depositional sequences. Similarly to what happens in the Cadiz 
Contourite Depositional System, the middle slope has been influenced by a high-velocity lower core 
of  the MOW during lowstand periods. Additionally, the increased activity on submarine canyons 
and of  slope gravitational processes during lowstand stages may have provided an additional supply 
of  sediment. By contrast, during highstand stages, much of  the terrigenic sediments remained tra-
pped within the shelf  (Llave et al., 2006, Hernández-Molina, 2006).

As it occurred during the previous stage, in those sectors of  the Cantabrian Continental Margin 
unaffected by the Mediterranean water scouring, the climate and sea-level changes were the factors 
that controlled sedimentation, i.e., sedimentation on open slope and continental rise areas. During 
this time, the climatic oscillations (Lisiecki & Raymo, 2005) have conditioned the occurrence of  100 
ka and high-amplitude (100-120 m) sea-level changes (Shackleton, 1987; Mojtahid, 2004). Further-
more, the general shape of  the sea-level curve is characterised by slower and punctuated sea-level 
fall stages in comparison to the short-lived rise and highstand stages. Considering this markedly 
asymmetry of  the sea-level curve, it is assumed that extensive sedimentation occurred during the fall 
and lowstand stages, so that these deposits constitute most of  the stratigraphy of  the open slope and 
continental rise. In sheer contrast, the sedimentation occurred at transgressive and highstand stages 
was probably restricted to the shelf, consequently forming condensed sections in the stratigraphy 
of  the distal continental margin. These considerations point to a regressive and lowstand nature 
of  deposits making up the open slope and overbank deposits of  both the continental slope and the 
continental rise. Their internal facies’ pattern, which ranges from transparent and semitransparent 
facies with low reflectivity grading upward to reflective stratified facies (Figs. 5.10, 5.11, 5.12 and 
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5.13), could be related with the sedimentation occurred at respectively regressive and lowstand sta-
ges, while the transgressive and highstand deposits are condensed sections and/or erosive surfaces at 
the base of  transparent facies. This cyclicity in acoustic pattern is attributed to 100 ka glacio-eustasy 
and helps defining the minor order sub-units. 

The division of  seismic records in units (U2 and U1 ) and sub-units (U2B , U2A , U1C , U1B and U1A ) can 
be associated to an entire cycle of  sea-level change, but of  different order (longer than 100 ka). The 
correlation between the sub-units and groups of  sea-level curve of  100 ka cycles suggests that the 
actual presence of  each type of  facies, be them either transparent or highly reflective, can be directly 
related to the relative amplitude of  the 100 ka cycle since those with higher amplitude produce sub-
units with thicker reflective facies. This would be so because base level reached lower position and 
erosion and transport capacity of  rivers and coastal processes increased dramatically. Consequently, 
the environments beyond the shelf-edge will be characterised by gravitative flows relatively coarser 
than in the other stages, of  high-density and high-erosive character, which favour thicker deposits in 
open slope systems and sandier over-spilling deposits with frequent splays in the turbiditic channels 
and fans (Fig. 5.10C). Such a relative building of  the overbank deposits of  the deep fans suggests that 
the periods of  higher development of  the distal lobes, which in this case are sandy lobes (Faugères 
et al., 1998), takes place during the dominance of  sandier flows. This suggestion seems to support 
recent observations in the Celtic and Aquitanian deep turbidite fans, where sediment accumulation 
in distal lobes occurs during lowstand stages of  sea-level (Auffret et al., 2000, 2002; Zaragosi et al., 
2001; Mojtahid et al., 2005; Toucanne et al., 2008; Daniau et al., 2009).
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Chapter 6. Pockforms: an evaluation of  
pockmark-like seabed features on the 
Landes Plateau
6.1. Introduction and dataset
This chapter is focused on the investigation of  the nature of  several seabed depressions on the 
Landes Plateau through the analysis of  their distribution, morphology, sub-bottom characteristics 
and relationships with the sedimentary and structural features that characterise the local post Late 
Oligocene sedimentary structure. These features have the appearance of  pockmarks, i.e., they are 
discrete seabed depressions formed by the removal of  sediment material by escaping fluids. Since 
the initial discovery of  pockmarks offshore Nova Scotia (King & Maclean, 1970), improvements in 
seabed mapping techniques (swath bathymetry) have revealed a wealth of  seabed depressions with a 
plan view morphology which is similar to pockmarks. But not all such features have been interpreted 
as pockmarks (Stewart, 1999; Bertoni & Cartwright, 2005; Underhill, 2009; among others). Iglesias 
et al., (in press) propose the term ‘pockform’ to describe those pockmark-like seabed depressions 
which do not conform to the accepted definition of  pockmarks (Judd & Hovland, 2007).
 
The general aims of  this chapter are:

- Defining pockforms surficial morphology and distribution,
- analysing pockforms within the sedimentary architecture, and
- evaluating their origin and providing evidences that may support a discussion of  pockforms 

and the use of  this new term. 

For this purpose, this study constitutes an integration of  the results from previous chapters, together 
with the analysis of  multibeam bathymetry, TOPAS seismic records and single and multi-channel 
airgun seismic records (Fig. 6.1).
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Figure 6.1: Chapter dataset. Multi-channel, single-channel and TOPAS seismic profiles acquired simultaneously with 
multibeam bathymetry (plotted here as shaded-mean depth) during the Marconi cruise. Multichannel seismic profiles 
available in SIGEOF Database are also shown. The location of  seismic profiles presented in the following are indicated.

6.1. Pockform characteristics

6.2. Pockform characteristics

6.2.1. Surficial morphology and distribution

Until now no pockforms have been described in the Landes Plateau but the recent recovering of  
multibeam, and high and ultra high resolution single-channel seismic data has revealed around 30 
pockforms. They can be grouped into three different families according to their morphology: elon-
gate (sub-circular), irregular and circular (Fig. 6.2 and Tab. 3.1) according to the terminology of  
Judd & Hovland (2007). 

The elongate pockforms are elliptical in plan, the long axes being orientated NE-SW. The average di-
mensions are about 1 km (short axis) by 1.5 km (long axis), but one larger one (2 x 4.5 km) has been 
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identified. These features are aligned to form chains with the same orientation (NE-SW) as the long 
axes. In cross section they display a mainly-symmetric V shape (Tab. 3.1). Pockforms with this mor-
phology are confined on the northwestern sector of  the plateau (Fig. 6.2).

The irregular pockforms are subcircular in plan and characteristically have irregular perimeters. In 
cross section they have an asymmetric V- to U-shape, and their average dimensions are 2.5 km in 
diameter and 40 m in depth (Tab. 3.1). Most of  these pockforms are grouped on the north sector of  
the plateau in a relatively dense cluster covering an area of  tens of  square kilometers, but there are 
some isolated individual out of  this cluster (Fig. 6.2).

The circular pockforms are generally about 1 km in diameter, 35 m deep, and symmetrically V-shaped 
in cross section, although there are some asymmetric examples (Tab. 3.1). They are dispersed along 
the smooth platform and on the western and northwestern flanks (i.e., Santander and Cap Ferret 
canyon walls, respectively) (Fig. 6.2).

6.2.2. Pockforms within sedimentary architecture

Pockform features are not found only on the present seabed of  the Landes Plateau. The seismic 
profiles show that: i) V-shaped cross-sections like those described above are repeated with depth 
beneath the seabed features (Fig. 6.3); ii) these V-shaped features do not truncate the near-surface 
sediments (Fig. 6.3) and iii) some of  them evolve in depth to clearly V- or U-shaped features trunca-
ting the internal reflections at different depths within the sediments (Fig. 6.3). The first observation 
implies that the features developed consistently above the same point over a long time period. The 
dimensions of  these buried pockforms are approximately the same as those on the present seabed. 
The second and third observations together indicate that some pockforms were active features at 
different time in the geological past, and later filled with sediments that mimic their morphology 
turning them into relict features.

In order to understand more about the pockforms of  the Landes Plateau are contextualized them 
in the geological framework, both sedimentary and structural (Fig. 6.4). Thus, the structural featu-
res, chronostratigraphic boundaries and seismic facies defined in the previous chapters have been 
correlated in the seismic profiles where pockforms are identified. This correlation has enabled to 
determine that the pockforms affect two of  the defined sedimentary facies in the Landes Plateau 
(Montadert et al., 1974; Kenyon et al., 1987; Cirac et al., 1999; Fauguères et al., 2002, Gonthier et al., 
2006; Ercilla et al., 2008; Iglesias et al., 2008): i) the stratified plateau facies characterised by open 
slope deposits whose deposition resulted in the plateau building out towards deeper waters; and ii) 
the chaotic and discontinuous stratified scar-and-mass-transport and scar-and-lobe facies that are 
characteristic of  the steep boundaries of  the plateau (i.e. the walls of  the Cap Ferret, Arcachon, 
Cap Breton and Santander canyons and lower open continental slope) (Fig. 6.4A). Similarly, stra-
tigraphic correlation has enabled to establish that the majority of  the pockforms are relict features 
of  Plio-Quaternary age (within Meso-sequence A1), and many were active in different periods of  the 
Miocene (within Meso-sequence A2 and locally Meso-sequence B1) (Figs. 6.3, 6.5, 6.6 and 6.7). On the 
other hand, the correlation with the structural features identified in this study and previous literature 
(Derégnaucourt & Boillot, 1982; Pulgar et al., 2004; Ferrer et al., 2008a; Roca et al., 2008) indicates 
that the lateral continuity of  the sedimentary cover containing pockforms was affected by major 
structural events represented by the Landes Fault, the Izurde-Txiporoi and Marratxo structural 
ridges, and elongated diapirs (Fig. 6.4B). 
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Figure 6.2: Pockform surficial distribution. A) multibeam corridors obtained during MARCONI cruises supplemented 
with the data from the GEBCO Centenary Digital Atlas (bathymetry with 200 m interval isobaths and slope gradient 
map). Rectangles of  yellow dotted lines indicate the examples plotted in Table 3.1; and B) line drawing showing the 
mapping of  three types of  pockforms; elongate, irregular and circular. 

6.2. Pockform characteristics
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Figure 6.3. A) 3D surfer plot illustrating a piece of  multibeam record that contains the same line of  seismic profile B; B) 
interpretation of  single-channel seismic profile across an isolated circular pockform associated with a diapir. Note the 
acoustic turbidity (suggesting the presence of  gas) above the diapir, and the buried pockmark (which truncates reflec-
tions) near the top of  the Miocene. See figure 6.1 for location of  this profile; and C) TOPAS seismic profile across an 
isolated pockform associated with a deep diapir. Its location is indicated on profile B. The thickness of  sediment layers 
does not vary across the feature and there are no reflector truncations except across fault (which has a morphologic 
expression on the seabed).

The cluster of  elongate pockforms is located along the axis of  a depression between the Izurde-Txipiroi 
and Marratxo basement ridges (Fig. 6.4B). No major fault has been identified in the depression infill 
(neither in the data from this study, nor in literature), only minor elongated diapirs oriented roughly 
NE-SW (Fig. 6.4B). The sediments infilling this depression comprise chaotic channel-fill deposits 
(Mega-sequence C) overlain by the stratified open slope deposits (Figs. 6.4A and 6.5). Vertical stacks of  
depressions, culminating at the seabed in elongate pockforms, occur locally within these stratified 
sediments. They penetrate the Meso-sequence A1 (at least the deposit building up the seismic Sequence 
A1a) without truncating the reflectors or affecting the thicknesses of  the sediment packages. TOPAS 
data show that the V-shapes in the near-surface sediments are continuous with depth with no varia-
tions in the sediment thickness even towards the feature margins (Fig. 6.5C). 
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The irregular pockforms occur where the Txipiroi Ridge (Fig. 6.4B) is closest to seabed. The near-
surface sediments are parallel-stratified open slope deposits (unconfined turbidites intercalated with 
hemipelagites) (Fig. 6.4A). These are interrupted, vertically and laterally, by occasional turbiditic 
channels. A complex faulting system which affects the Miocene deposits can be traced within the 
underlying Txipiroi Ridge. Stacks of  U-shaped pockforms extend through the Meso-sequence A1. 
Their thicknesses are relatively constant, and there is no evidence of  reflection truncation (Fig. 6.6). 
However, reflection truncations are observed in the Miocene sediments. 

The circular pockforms occur in the areas dominated by the two types of  sedimentary facies found on 
the Landes Plateau, including where these facies are affected by diapirs and faults (Figs. 6.4A and 
6.4B). Most are in an area dominated open slope deposits (turbidites with intercalations of  hemipe-
lagites). These pockforms do not truncate reflectors anywhere within the entire Meso-sequence A1, but 
they appear to have evolved from underlying features which do truncate reflectors of  meso-sequences 
A2 and B1 (Miocene age) (Fig. 6.3). Airgun seismic records show that over the major deep faults 
and diapirs there are several associated minor faults and fractures. Those associated with updoming 
over diapirs locally deform the Meso-sequence A2 deposits (locally the Meso-sequence A1 deposits) and 
interrupt the lateral continuity of  the Miocene sediments, and locally the younger deposits, displa-
cing sedimentary packages more than 0.5 s thick (Fig. 6.3). Columnar zones of  acoustic turbidity, 
commonly attributed to the presence of  gas within the sediments (Judd & Hovland, 2007), are pre-
sent above the diapirs (Fig. 6.3). 

Minor circular pockforms appear in the Santander Canyon wall of  the plateau where sedimentation 
has been dominated by scar-and-mass-transport deposits (Fig. 6.4A). These pockforms are associa-
ted with the head scarps of  slides which affected sedimentary packages of  various thicknesses and 
ages (Fig. 6.4B); it seems that slope instability has occurred here since the Upper Oligocene (Fig. 6.7). 
Some slides have a seabed expression, others do not.

6.2. Pockform origin

6.3. Pockforms origin

Many studies have suggested that there is a potential gas source in “black shales” and reservoirs in 
the Upper Triassic-Jurassic evaporites and Permian–Lower Triassic detrital sediments underlying 
the Cretaceous and Cenozoic fill of  the Parentis Basin (Curnelle & Marco, 1983; Mediavilla, 1987; 
among others). However, despite this apparently favourable climate for fluid escape, acoustic evi-
dence of  gas is limited to a few chimney features and local acoustic turbidity. Consequently, it has 
not assumed that the pockforms identified in this area were formed by fluid escape.

In order to establish the potential modes of  formation of  the Landes Plateau pockforms the fo-
llowing criteria have been taken into account: seafloor morphology, location and factors affecting 
distribution, and their relation with the morphologic, sedimentary and structural features. The fo-
llowing discussion demonstrates that the Landes Plateau is an excellent area to investigate different 
potential origins of  pockforms, specifically those related to sedimentation and tectonics. 
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Figure 6.4. Sedimentary and structural framework of  Landes Plateau. A) The main post-Oligocene sedimentary pro-
cesses on the Landes Plateau. Four morphosedimentary domains are defined by their spatial distribution: platform (I), 
Capbreton Levee (II), Arcachon Canyon (III) and lower open slope (IV); and B) the main structural features (diapirs 
and related fractures, faults, and basement ridges) and slide scars affecting the post-Oligocene deposits. Bathymetry 
(interval isobath 200 m) and shaded-mean depth (from multibeam) are inset in both maps. 
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6.3.1. Pockforms with a sedimentary origin

The elongated pockforms are characterised by a well-bedded internal structure with clear lateral 
continuity of  reflectors and a homogeneous seismic character (TOPAS seismic record, Fig. 6.5C) 
indicating that they are not erosional features. Their alignment coincides with the main axis of  
the depression formed between two buried basement highs (Marratxo and Izurde-Txipiroi) (Figs. 
6.4 and 6.5D) which were uplifted until the final phase of  the compression of  the Landes Plateau 
(Upper Miocene; Ferrer et al., 2008a). The sedimentary infill of  this depression indicates that it is a 
buried channel, related to activity of  the Arcachon Canyon. As show the seismic profiles during the 
Mega-sequence C, it was active (Fig. 6.5B). The posterior evolution and activity seems to be controlled 
by the interplay between the morphostructural style and glacio-eustatic changes. The progressive 
uplift of  the adjacent basement ridges (indicated by a tilting of  the flanking sediments; and Ferrer et 
al., 2008a) modified the slope of  the depression. In other hand, the relative “calm” of  gravitational 
processes during Mega-sequence B allowed a partial filling and an inactivity of  the channel. During 
the Mega-sequence A, espetially in the Meso-sequence A1, when the uplifting had ceased (Ferrer et al., 
2008a) the depression has continued generally inactive and progressively filled, but the reactivation 
of  gravitational processes has allowed the existence of  energetic turbidity currents (such as those 
described from Seine Abyssal Plain and the Southern Central Chilean seamounts; Davies et al., 
1997 and Volker et al., 2008 respectively) that during its flowing down the Arcachon Canyon, can 
eventually spill over into its western flank, scouring the channel and maintaining its negative reli-
ve (Figs. 6.5A and 6.5D). It is proposed that the elongate pockforms are remnants of  this buried 
channel (comparable to those described by Kenyon et al., 1995; Ercilla et al., 2002b; among others) 
and not elongate pockmarks (such as “fault-strike pockmarks” (Syvitski & Praeg, 1989; Fader, 1991; 
Soter, 1999), as “current-modified pockmarks” (Bøe et al., 1998; Josenhans et al., 1978), or as “buried 
channel pockmarks” (Gay et al., 2006).

Figure 6.5. Morphology and seismic expression of  pockforms associated with sedimentary origin. A) Segment of  
multibeam bathymetry showing the morphology of  elongate pockforms. The location of  this segment is indicated on 
D; B) multi-channel seismic profile across an elongate pockform; stratigraphic divisions are indicated. See figure 6.1 
for location; C) TOPAS seismic record of  the same pockform. Location indicated on profile B; and D) Interpretative 
picture with bathymetry and multibeam and indicating the main structural and sedimentary features. 
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6.3.2. Pockforms with a structural origin

The irregular pockforms seem to be associated with some minor post-depositional deformation of  
the Txipiori Ridge induced by the remnant tectonic readjustments that has continued in the area 
since the latest Miocene (Fig. 6.6). Although they occur in the vicinity of  the Txipiori Ridge, which 
may suggest an origin associated with fluids accumulated within, or concentrated by, this topogra-
phic high, there is no acoustic evidence of  gas-charged sediments, vertical gas migration along the 
faults (as describe Pilcher & Argent, (2007), or lateral migration along the tilted strata flanking the 
ridge (as illustrate Huang et al., 2009). 

It is noted: 1) lateral thickness variations of  individual layers within the Mega-sequence A (Fig. 6.6C and 
6.6D); and 2) an approximate correlation to an underlying topography of  the basement ridge (Fig. 
6.6B). Although there is no direct geometric link between the deep structure and these pockforms, 
the location of  the pockforms and their internal topography mimic the fault system which clearly 
truncate the Mega-sequence C. Consequently it is suggested that these features formed by the post-
depositional plastic deformation of  the sediments following movement of  the deep fault system or 
collapse caused by the dissolution of  the roof  of  the basement ridge. The presence of  the inter-
mediate syn-tectonic package (Mega-sequence B) of  channel fill deposits partially absorbed the read-
justments of  the underlying fault system forming poorly aligned irregular collapses.

Figure 6.6. Morphology and seismic expression of  pockforms associated with structural origin. A) Multibeam record 
acquired simultaneously with seismic profile B; B) a multi-channel seismic profile across irregular pockforms, showing 
stratigraphic divisions and faults in the vicinity of  the Txipiroi Ridge. See figure 6.1 for location; C) and D) TOPAS 
seismic record across the two examples of  irregular pockforms. Locations are marked on A and B.
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6.3. Pockforms origin

6.3.3. Pockforms with a fluid dynamic origin

It is widely recognised that diapirs induce faulting in overlying sediments (Baudon & Cartwright, 
2008), creating pathways for the migration of  fluids to the seabed (Judd & Hovland, 2007, Fernán-
dez-Puga et al., 2007; among others). Similar fractures have been identified in the 2D seismic data 
above the Landes Plateau diapirs (Fig. 6.3) Circular pockforms are closely associated with these frac-
tures and columnar areas of  acoustic turbidity suggestive of  the presence of  gas-charged sediments. 

Diapir emplacement was discontinuous during the Miocene, as indicated by both the filling pattern 
of  the adjacent collapse basin (alternating on-lapping and parallel filling) and the presence of  mass-
flow deposits triggered by periods of  uplifting (Fig. 6.3B) within Mega-sequence B and Meso-sequence 
A2. Reflector indentations (pockmarks or pockforms) above the diapir suggest that pockmark for-
mation and activity occurred when the salt diapir was mobile; the highest such feature that shows 
indications of  reflection truncation (i.e. an erosive formation) is in the Meso-sequence A2. Reflection 
indentations (i.e. pockforms) form a continuous stack extending from this feature to the present 
seabed. However, none of  the pockforms in the Meso-sequence A1 shows any indication of  reflection 
truncation, nor of  variations in the thicknesses of  the sediment layers, even on the high-resolution 
TOPAS data (Fig. 6.3C). Despite the evidence of  gas above the diapir, the morphology of  the buried 
(Meso-sequence A2) pockmarks has been maintained up to the present seabed, with no evidence of  
deepening (sediment removal) nor of  infilling.

It is suggested that the shape of  the Upper Miocene pockmark has been maintained with time 
because Plio-Quaternary sedimentation in the Landes Plateau has been characterised by muds de-
posited from low-energy transportation (diluted turbidity flows) and settling from hemipelagic sus-
pension (Fauguères et al., 2002, Gonthier et al., 2006; Iglesias et al., 2008) (Fig. 6.4A). The layered 
pattern and relatively constant thickness of  the sediments across the entire Landes Plateau support 
this interpretation. 

There are at least three circular pockforms located on the lower open continental slope in the vicini-
ty of  slide scars (Figs. 6.4 and 6.7A). This slope is generally affected by mass movement, and inden-
tations on the slope such as those ilutstrated in figures 6.7B and C might be interpreted as the surfa-
ce expression of  slide scars. However, these features are circular pockforms when seen on multibeam 
data (Fig. 6.7A). These features may have formed by fluid outflow stimulated by the excess pore fluid 
(water) pressure that is to be expected due to the decompaction of  newly-exposed sediments after 
a slope failure (Hampton et al., 1996). A transparent facies and acoustic turbidity along the trace of  
the slide scars are consistent with the outflow of  fluids (Fig. 6.7B; see also Foland et al., 1999, and 
Pilcher & Argent, 2007). However, the high resolution seismic profiles (Fig. 6.7C) show that there is 
no sign of  reflection truncation in the seabed pockforms; they are relict structures with no evidence 
formation by fluid escape. It seems that they represent the morphology of  a now-buried slide scar. 
The thickness of  the sediments represented by the undisrupted parallel reflections passing through 
the features indicates the time that has elapsed since the last slope failure.
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6.3.4. Relationship between pockform morphology and origin

From the above discussion it is evident that it is suggested that there is a relationship between the 
morphology of  pockforms and their original mode of  formation. Some of  the circular pockforms 
originated as pockmarks formed by fluid escape, others are remnant features associated with slope 
failure; the irregular pockforms are as a result of  sediments infilling an abandoned channel, and 
the elongated ones resulting from structural movements on an underlying fault system and/or a 
basement ridge. In each case the original features, formed at some time before the Quaternary and 
in some cases in the Miocene, have retained much of  the original shape during millennia of  subse-
quent slow vertical sedimentation. None of  the features on the present seabed of  the Landes Plateau 
is associated with active fluid escape, despite their morphological similarity to pockmarks sensu stric-
to. Although it is true to say that the morphotypes described here are comparable to similar-looking 
features elsewhere, these relationships between morphology and origin may not necessarily apply in 
other places.

Figure 6.7. Morphology and seismic expression of  pockforms associated with slope failure. A) Multibeam record that 
shows two circular pockformss; B) single-channel seismic profile with enlargement of  the area with a pockform; lo-
cation indicated on figure 6.1; and C) TOPAS seismic record of  the same pockform; location indicated on A and B. 
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Chapter 7. Synthesis and conclusions

7.1. Synthesis

The primary scope of  this research was to analyse in detail the sedimentary evolution of  the Can-
tabrian Continental Margin from Late Oligocene to Quaternary. Chapter 3 presented the morpho-
sedimentary features and recent sedimentary processes that characterise the sedimentary environ-
ments of  the Cantabrian Continental Margin. Chapters 4 and 5 addressed the seismic stratigraphy 
and established the sedimentary evolution with different degrees of  resolution, from Late Oligocene 
to Quaternary, and with more detail from Early Pliocene to Holocene. Chapter 6 investigated the 
‘pockforms’ and analysed how sedimentation, tectonics and fluid dynamics control their genesis. In 
this synthesis, the main results from previous chapters are summarised and categorised in order to 
establish sedimentation models and their controlling factors.

Morphosedimentary features and recent sedimentary processes 

Multibeam bathymetry, high (sleeve airguns) and very high resolution (parametric system-TOPAS-) 
seismic records have been used to define morphosedimentary features and investigate recent sedi-
mentary processes in the Cantabrian Continental Margin. The outer shelf  (down to 180–245 m 
water depth) displays an intensively eroded seafloor surface that truncates both consolidated ancient 
folded and fractured deposits. Recent deposits are only locally present as shelf-margin deposits and 
a transparent drape with bedforms. The continental slope is affected by different types of  sedimen-
tary processes that interact, creating the morphosedimentary features seen today. The upper (down 
to 2,000 m water depth) and lower (down to 3,700–4,600 m water depth) continental slopes are 
mostly subject to different types of  slope failures, such as slides, mass-transport (a mix of  slumping 
and mass-flows) and turbidity currents. The upper slope is also subjected to the action of  bottom 
currents (the Mediterranean Outflow Water—MOW) that interact with the Le Danois Bank, fa-
vouring the reworking and sweeping of  sediment and the sculpting of  the Le Danois contouritic bo-
dies. The continental rise is a bypass region of  debris flows and turbidity currents where a complex 
channel-lobe transition zone of  the Cap Ferret Fan develops.
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Synthesis

Seismic stratigraphy and sedimentary evolution from Late Oligocene 
to Quaternary

Multibeam bathymetry, single and multi-channel seismic records were used to thoroughly define a 
new stratigraphy that intends to offer new insights into the sedimentary evolution of  the Cantabrian 
Continental Margin. Late Oligocene to Quaternary sedimentary record is relatively thin (from 0 to 
2 s) and its distribution is very irregular. Its new stratigraphy has been organised into three seismic 
mega-sequences: A, B and C, bounded by erosive unconformities and correlative conformities. Each 
mega-sequence is divided into two seismic meso-sequences: meso-sequences A1 and A2 within Mega-
sequence A, meso-sequences B1 and B2 within Mega-sequence B, and meso-sequences C1 and C2 within 
Mega-sequence C. The seismic facies’ architecture of  mega-sequences is complex and three distinct 
environments have been defined: i) the outer shelf, characterised by the absence of  Eocene to Qua-
ternary deposits except on the shelf-break where locally prograding wedges (shelf-margin deposits) 
occur; ii) the continental slope, characterised by open slope deposits (i.e., unconfined gravitative 
slope deposits intercalated with hemipelagites) interrupted by mass-flow deposits, isolated turbiditic 
channels (braided and leveed), overbank deposits, and contourites on the gentle sectors, and by scar-
and-mass-transport deposits or scar-and-lobe deposits on the steeper sectors; and iii) the continental 
rise formed by a great variety of  facies related to the turbidite fans, and to a lesser extent, facies of  
scar-and-lobe deposits and basinal sheet-like turbidites.

The integration of  results from physiography/morphology, seismic stratigraphic divisions, facies 
architecture and geo-history analysis have been used to define the Late Oligocene to Quaternary’ 
sedimentary evolution of  this margin. Such evolution has been divided into three main phases, each 
one associated with a seismic mega-sequence. In the period ranging from Late Oligocene up to 
Earliest Miocene, the uplifting of  the Cantabrian Continental Margin, the Pyrenees and the Can-
tabrian Mountains together with climatic changes, favoured an intense denudation of  the hinterland 
area and a large sediment supply. Sedimentation occurred from direct discharges and syntectonic 
mass movement processes, forming open slope deposits, slides, scar-and-mass-transport deposits, 
turbiditic channels, and scar-and-lobe deposits on the continental slope, and turbiditic fans on the 
continental rise (the Cap Ferret, Capbreton-Santander and Torrelavega). In the time spam between 
Earlies and Middle Miocene, despite tectonic activity continuing to operate in the hinterland area, 
the interplay between regional climatic conditions and a high sea-level position caused a decrease 
in sediment supply towards the margin. In this scenario, sediment was trapped mainly on the conti-
nental slope and the deep fans remained starved and poorly developed. When the regional tectonic 
activity became quiescent in both hinterland and continental margin areas during the Late Miocene 
– Plio-Quaternary period, sea-level and oceanographic factors started to play a more decisive role. 
Sea-level falls as well as the installation of  high-amplitude and high-frequency sea-level changes, 
together with the onset of  the MOW led to a major change in the sedimentary architecture. On the 
slope, the occurrence of  mass-movement processes increased and these were locally reworked by the 
along-slope MOW currents building the Le Danois contouritic deposits. In the continental rise, the 
turbidite fans received relatively more sediment supply, favouring their enlargement. 
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Seismic stratigraphy and sedimentary evolution from Early Pliocene to 
Holocene.

The analysis of  multybeam bathymetry, sparker and TOPAS seismic records allowed the 
establishment of  a very high resolution seismic stratigraphy in the distal Cantabrian Continental 
Margin from Early Pliocene to Holocene. Three sequences divided into units, subunits and minor 
order subunits have been defined in the open slope deposits, contourites and overbank deposits of  
turbiditic channels of  the continental slope and turbidite fans of  the continental rise. The stratigra-
phic divisions and facies analysis together with the geo-history framework, have allowed reconstruc-
ting the Quaternary sedimentary evolution of  this margin. This reconstruction has been made in 
terms of  type/activity of  sedimentary processes, as well as the global climate and sea-level changes 
and local oceanography.

The contourites, that are a consequence of  the MOW and its interaction with the seafloor along the 
continental slope, develop after the LPR discontinuity (Lower Pliocene Revolution). Since the LPR 
until the MPR (Middle Pleistocene Revolution), the main drifts were confined into two palaeobasins 
within the intraslope basin. Moreover, after the MPR, the switch to a “full glacial” mode with 100 
ka cyclicity, the present-day depositional and erosive features started to be formed.

Two major periods separated by the MPR have been established and correlated among the open 
slope deposits, contourites and overbank deposits. During the first period (before the MPR), the 
predominance of  40 ka frequency and low amplitude glacio-eustatic oscillations were responsible 
of  poorly starved slope and rise environments with eventual muddy gravitative flows of  low density 
and low erosive character, as well as minor activity of  the MOW. During the second period (after 
the MPR), the predominance of  100 ka and higher amplitude (100-120 m) glacio-eustatic changes 
have favoured an extensive sedimentation characterized by the alternation of  fine to coarse gravita-
tive flows of  high density and high erosive character. The alongslope MOW influence is also related 
with the glacio-eustatic changes, being more active during the glacial periods, i.e., during the falls 
and lowstand stages of  sea-level.

Pockforms: an evaluation of  pockmark-like seabed features on the 
Landes Plateau

Pockmark-like seabed features located on the Landes Plateau (Bay of  Biscay) are depressions up 
to 1 km wide and 50 m deep according to multi-beam echo sounder data. Seismic profiles (airgun 
and TOPAS) show that each feature comprises a stack of  identical features which extend down 
to 300 ms. Three types of  depressions, elongate, irregular and circular, appear as non-truncating 
V-shaped features in the Plio-Quaternary sediments, and only some (the circular ones) are clearly 
V or U-shaped features truncating the internal reflections. These features are located above the 
Parentis Basin where deep faults, basement ridges and diapiric bodies extend upwards across the 
sedimentary cover, thus providing ideal migration pathways for any buoyant fluids. The origin of  
the pockmark-like seabed features identified in the Landes Plateau is varied. 
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Initial inspection suggests that these are classic pockmarks; however, the absence of  reflection trun-
cation indicates that they were not formed by the removal of  sediment. These are ‘pockforms’, but 
not ‘pockmarks’. Furthermore, the absence of  indications of  shallow gas beneath the features, and 
indeed in the whole area (even in situations in which gas might be expected to accumulate) suggests 
that there is no mechanism for normal pockmarks to form despite their association with diapirs and 
migration pathways. This chapter presented an explanation for the formation of  these features, in-
volving collapse and subsidence, sedimentary erosion and, only in some cases, the erosion of  seabed 
sediments by probable escaping fluids. These origins are mainly explained through fluid dynamics, 
that is, the expression of  Tertiary compression, the readjustments in basement ridges and the dia-
piric updoming which ended in the Upper Miocene period. These features would be expected to 
be infilled by subsequent sedimentation, but their shape was maintained because, throughout the 
Pliocene and Quaternary periods, sedimentation in the area where these structures are preserved 
was mainly composed of  muds deposited from low-energy transportation (diluted turbidity flows) 
and settling from hemipelagic suspension.

7.2. Conclusions: the models

Late Oligocene to Quaternary sedimentary architecture model 

The new detailed stratigraphy of  the Cantabrian Continental Margin corresponding to that from 
Late Oligocene to Quaternary offers a great variety of  morphological features and sedimentary 
deposits that represent architectural elements. These elements can be grouped into sedimentary 
systems according to both the genetic relation among the sedimentary processes responsible for their 
formation as well as their distribution, and the temporal persistence in the sedimentary architecture 
as a unitary system. The new data give information about the connection between the architectural 
elements that conformed a sedimentary system and also about the relationship between the different 
sedimentary systems. These linkages are deduced from the temporal and spatial responses of  the 
architectural elements and sedimentary systems to environmental changes. 

Five main sedimentary systems characterised the Late Oligocene to Quaternary sedimentary ar-
chitecture of  the Cantabrian Continental Margin (Fig. 7.1). These are: the continental shelf  system, 
the open slope gravitational system, the Le Danois contourite system, the Le Danois turbiditic channel system and 
the Cap Ferret, Capbreton-Santander and Torrelavega turbidite fans. Based on their seismic facies as well as 
their spatial and temporal relationships, these sedimentary systems can be grouped into two major 
sedimentary domains: the proximal and distal continental margins.

The proximal environment of  the Cantabrian Continental Margin is characterised here as an indivi-
dual sedimentary system, the continental shelf  system. It is obvious that, in general terms, the continen-
tal shelf  is characterised by several sedimentary systems (infralittoral wedges, prodeltas, transgressive 
systems, shelf  deltas,…). Nevertheless, the limited shelf  data in this study favours the consideration 
of  a unique shelf  system. Here, the continental shelf  system is characterised by discontinuous and 
isolated sedimentary bodies that are separated by an erosive surface that can be traced throughout 
the entire continental shelf. These bodies comprise lowstand shelf-margin deposits and mud-blanket 
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deposits, which are overlaid and underlied respectively by that surface. The multiple Plio-Quater-
nary shoreline regressions which exposed succesively and repeatedlly the continental shelf, favoured 
the near-shore erosive processes occurred during the coastline migrations across the shelf  and the 
sub-aerial erosive processes that took place during the shelf  exposure. All these erosive processes 
were the responsible for the regional erosive surface. The shelf-margin deposits formed during the 
Late Pleistocene lowstand stages when the coastline was located close to the shelf-break. The mud-
blanket deposits (formed by transparent drape deposits with bedforms) represent modern highstand 
deposits which reflect the way in which the coastal/shelf  currents might have redistributed the scar-
ce sedimentation on the shelf  during this stage. The continental shelf  system does not merge down 
deep with those systems of  the distal continental margin. 

In terms of  volume, the deposits of  the open slope gravitational system are the most important of  the 
Cantabrian continental slope. This system develops on upper open slopes, on the Santander Pro-
montory and Landes Plateau, as well as on the the lower open slopes and their adjacent foot of  slope 
(Fig. 7.1). Slides, scar-and-mass-transport deposits, mass-flow deposits, open slope deposits (sandy 
and muddy unconfined turbidites interbedded with hemipelagites) as well as scar-and-lobe deposits 
are the main architectural elements building up this system. The combination of  all these deposits 
takes place under the form of  an aggrading system that is developed by the interplay between the 
unconfined gravity flows from direct discharges of  the hinterland/littoral sediment sources and the 
numerous local mass wasting processes (from slides, mass-transport, mass flows to turbidity flows) in-
duced by steep slope gradients and sediment overburden. The sequence of  growth of  this system is 
characterised by two alternating periods: those of  active and inactive growth. During active periods 
(e.g., Figs. 7.1A and 7.1B), this part of  the margin receives a high terrigenous sediment input that 
favours the main development of  the open slope gravitational system and the sediment of  it, which 
is predominantly coarse (sandy). During the periods of  inactive growth (e.g., Figs. 7.1C and 7.1D), 
the margin receives a low terrigenous input, which indicates that the development of  this system will 
be inhibited, limited or significantly reduced which might assist the formation of  deposits of  fine 
grain (muds). In fact, during this period, the hemipelagic sedimentation and/or formation of  con-
densed sections predominate. This sequence of  growth is observed in different scales based on the 
stratigraphic hierarchy: from long-term sequences to short-term sequences. Long-term sequences 
of  growth seem to be related to the Cantabrian margin tectonism and/or volume of  sedimentary 
supply from hinterland areas. Such sedimentary supply is conditioned by the denudation of  the 
Cantabrian and western Pyrenees mountains and climate as well as modulated by the third-order 
sea-level changes. Contrastingly, the sequences of  growth of  short-term scales seem to be mainly 
related to glacioeustatic oscillations of  minor order (fourth- and fifth-order), to active growth occu-
rring during fall and lowstand stages of  sea-level, and to inactive growth during rise and highstand 
stages of  sea-level. 

The open slope gravitational system appears through different moments of  its evolution side by side with 
the Le Danois contourite system and the Le Danois turbiditic channel system. The structural configuration 
of  the Asturian Plateau has allowed the development of  these two systems of  minor scale in the in-
traslope basin. Here, alongslope bottom currents associated to the MOW have a greater influence, 
contributing to the outbuilding of  the Le Danois contourite system (Fig. 7.1F). This system is characte-
rised by its depositional and erosive features. A number of  drifts were formed and several types are 
recognised: confined drifts, elongated mounded and separated drifts and plastered drifts. Sediment 
waves occur on the external flanks of  the drifts. The erosive features are moats, scours alignments, 
and slide scars. This system appeared since the Lower Pliocene period with the main drifts confined 
into two palaeobasins within the intraslope basin. Moreover, after the Mid Pleistocene Revolution 
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(0.9 Ma), the switch to a “full glacial” mode with 100 ka cyclicity, the depositional and erosive featu-
res expanded and progressively occupied the entire basin from the shelf  break down to south flank 
of  the Le Danois Bank. Similar short-term alternating periods of  active and inactive growth also 
affected to this system and were coincident in time with those of  the open slope gravitational system. 
That is to say, the MOW has a greater influence on contourite sedimentation during glacial periods. 
The Le Danois turbiditic channel system originated on the eastern part of  the intraslope basin and re-
sulted from the eastward channelling of  gravitational flows (mainly turbidity flows) constrained to 
scour along the U-shape instraslope basin (Fig. 7.1). This system has been active since the Upper 
Oligocene, coexisting through three main evolutionary stages with the open slope gravitational sys-
tem and through the last stage (specifically, since the Lower Pliocene) with the Le Danois contourite 
depositional sytem. These changes seem to be related to variation in the type and volume of  the sedi-
ment supply. At the beginning, this turbiditic channel presented a braided behaviour with a straight 
and wide erosive channel filled with sandy lenticular deposits, flowing into the Torrelavega Canyon 
(Figs. 7.1A and 7.1B). Since the Lower Miocene period, it has changed to turbiditic leveed-channel 
with a narrower main channel (probably sinuous) as well as strongly developed levee and overbank 
deposits (Figs. 7.1C, 7.1D and 7.1E). Since the Pliocene period, it has been noticed the downslope 
continuation of  the Le Danois Moat that followed a new pathway (Fig. 7.1F). The channel displays 
an arc-shape in plan-view, creating a unique overbank area on its right side, and running parallel to 
the Le Danois Bank to mouth onto the lower continental slope (the northern Le Danois wall). 

The studied Cantabrian continental slope is also dominated by structurally controlled canyons that 
reach back to the outer shelf, especially those of  the eastern sector and French margin which are 
deeply incised. Sediment flows run downcanyon, spilling over some canyons (Capbreton and Lastres 
Canyons), and terminating directly onto the continental rise floor developing the turbidite fan sys-
tems: the Cap Ferret, Capbreton-Santander and Torrelavega Fans (Fig. 7.1). Still, not all the fans were for-
med at the same time. The Capbreton-Santander and Torrelavega Fans began started to be developed at 
least during the Late Oligocene period and the Cap Ferret Fan during Early Miocene. Main turbiditic 
distributary leveed channels have been developed in all cases beyond the canyon mouths. These 
channels, all together, have developed complex drainage system running through the westward di-
pping continental rise toward the Biscay Abyssal plain where the lobe deposits seem to develop 
individually, partially or totally overlapped (Crémer, 1983; Faugères et al., 1998). In addition, a 
channel-lobe transition zone may have also developed. The spatial and temporal distribution of  the 
turbiditic deposits, which conformed the Late Oligocene to Quaternary stratigraphy, imply that the 
development of  these fans have involved significant lateral and longitudinal relocations of  the main 
flow pathways (Fig. 7.1). The lateral shifts probably resulted from local changes in the seafloor and 
channel avulsions. The longitudinal changes consisted in retrogradation and progradation (about 
tens of  kms) of  turbiditic deposits that resulted from an interplay of  the gradual outbuilding and 
filling of  the continental rise as well as from variations in the volume of  the hinterland sediment 
supply related to denudation of  the Cantabrian and western Pyrenees mountains, and climate. The 
relocations of  the main flow pathways have resulted in two types of  fans based on their submarine 
sediment sources: an unique and impressive fan with multiple-sediment sources (Figs. 7.1B and 
7.1F), and fans with point-sourced sediment supply (Figs. 7.1A, 7.1C, 7.1D and 7.1F). The type of  
sediment supplied also conditions the characteristic of  the fans and their architectural elements and 
diferent models according to the Richards et al., (1998) have also resulted: from coarse-rich (e.g., Fig. 
7.1A) to mud-rich fans (e.g., Fig. 7.1C and 7.1D).

The study of  sedimentation of  all these systems indicates the Cantabrian Continental Margin is a 
margin whose long-term sedimentary evolution has been conditioned by the Alpine dynamic of  the 
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Figure 7.1: Sketch showing the facies architecture that characterise to the shelf-to-rise entire system during the sedimentary evolution from Late Oligocene  to Plio-Quaternary. Note the changes in the facies architecture during the 
development of  the meso-sequences (C2, C1, B2, B1, A2 and A1, from older to younger).
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Bay of  Biscay. The detail study of  their recent sedimentation also allows proposing that Cantabrian 
Continental Margin is mostly an area with lack of  recent tectonism, except in two sectors where 
deformation of  Plio-Quaternary deposits suggests a localized neotectonism: i) the NW part of  the 
Landes Plateau where structural features affect to open slope gravitational system, and ii) the intra-slope 
basin of  the Asturian Plateau where features affect to the Le Danois contourite system. In both sites the 
Plio-Quaternary tectonic activity has tentatively the same origin. It is the fluid dynamics which acts 
directly by injection of  diapiric bodies, or indirectly by reactivation of  ancient tectonic structures. 
Their activity has provoked the formation of  diapirs and related faults, folds, collapses, pockmarks 
and mass-flow deposits. On the other hand and to a more detailed scale of  study of  these systems, 
this study has allowed defining a new element, the “pockforms” whose origin is varied,involving co-
llapse and subsidence, sedimentary erosion, and only in same cases the erosion of  seabed sediments 
by probable escaping fluids.

From ‘Source-to-sink’ approach - sedimentary dynamic model

This study has given detailed insights of  the sediment fairways throughout the continental margin. 
This provides significant links from source to sink between the environments of  the proximal and 
distal continental margin and also in relation to the hinterland source areas (mostly Cantabrian and 
western Pyrenees mountains). 

The Cantabrian Continental Margin shows a complex architectural model that results from the in-
teraction of  the major elements that define the morphostructural configuration and physiographic 
provinces of  the bay with a great variability of  interconnected sedimentary systems (Figs. 1.16, and 
7.1). The literature has categorised the Cantabrian Continental Margin as a deep and steep margin, 
based on morphological criteria (Grady et al., 2000). Figure 7.1 shows how the entire depositional 
profile from source (the Cantabrian Mountains and western Pyrenees) to sink (the continental rise and 
Biscay Abyssal Plain) reaches from 3,400 m high onland to about 4,500 m water depth in a relatively 
short transverse distance of  about 150 km. In other words, there is a drop of  about 7.9 km in 150 
km (about 5%) and, therefore, a relatively steep slope appears. Figures. 1.16 and 7.1 also show the 
roughness and high slope morphological variations of  the margin. These variations are related not 
only to the physiographic/morphological features created by the structural template, but also to the 
occurrence of  a variety of  complex depositional systems whose nature, location and geometry have 
been also conditioned in a way by this template. 

The morphological and sedimentological elements that shape and outbuild the Cantabrian Conti-
nental Margin are key to characterise the dynamic sedimentary model. The elements that could be 
considered as important are the following: 

i) In the continental shelf: a truncated stratigraphy on the shelf  which indicates a lack of  recent 
sediments because erosion affected the Cretaceous and Miocene deposits (Fig. 7.1). 

ii) In the continental slope: a) canyons with a high degree of  incision; and b) a great variety of  
deposits making up the open slope gravitational system and the contourite and turbiditic 
channels at a local level. About 65% of  the upper slope has been dismantled by the canyons, 
whereas 35% of  the eastern upper slope has been mostly affected by mass-movement de-
posits, small-scale canyons, and contourites (Fig. 7.1). The alongslope action of  the MOW 
locally complicates the downslope effect of  the mass-movements, reworking and redistribu-
ting the unstable sediment as it builds a contourite system (elongated-mounded separated 
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and plastered drifts) at the foot of  the Le Danois structural Bank (Fig. 7.1). The 100% of  the 
lower continental slope and most of  the walls of  the Le Danois Bank are also affected by a 
great variety of  mass-movements deposits (slides, mass-transport deposits, mass-flow depoists 
and turbidites) related to the mass-wasting of  this province (Fig. 7.1).

iii) In the continental rise: constructions of  the turbidite Torrelavega, Capbreton-Santander, 
and Cap Ferret Fans. It has been noticed an interaction of  the large canyons (Cap Ferret, 
Capbreton, Santander, Torrelavega, Lastres, and Llanes) and their intense mass-wasting, 
leading to the channelling of  the sediments coming from hinterland (the Cantabrian and 
western Pyrenees mountains) and shelfal erosion down to deeper areas developing those 
fans in which morphosedimentary (channels, levees and overbank depoists, turbiditic chan-
nels, sediment waves, debris-flow deposits, distal sheet-like turbidites, scours of  channel-lobe 
transition zone) and morphotectonic features (the Landes Mountain and Jovellanos High) 
interacted (Fig. 7.1). This study emphasises that mass-movements (mainly mass-flows and 
turbidity flows) also play an important role in shaping and outbuilding the distal part of  this 
continental margin. 

As mentioned above, the truncated shelf  stratigraphy and the remaining structural template suggest 
that the Cantabrian Continental Margin can be considered as a starved margin from a sedimento-
logical point of  view. This starved character is not related to a low sediment input, but to its great 
evacuation through an important long-term/action of  a drainage system formed by large submari-
ne valleys and instabilities processes. On a long time scale, the denudation and erosion of  the Can-
tabrian and western Pyrenees mountains (the source) since their formation during the Tertiary orogeny 
must have contributed with large volumes of  sediment. This sediment was probably transported by 
small mountain streams/rivers to the sea. Milliman & Sivistky (1992) give good examples of  the 
behaviour of  this type of  streams and their great capacity to transport large volume of  sediment. 
The sediment bypasses the continental shelf  and when the sediment arrives at the slope, it is trans-
ported through a major submarine drainage system (large submarine valleys and mass-movement 
processes) down to the continental rise (the sink). The high gradients of  the erosional topographic 
landscape evolve and join the high gradients of  the continental margin seafloor. The steepness of  
the Cantabrian Continental Margin must have favoured the evacuation of  sediment reaching the 
sea through the large canyons. Moreover, it must have been slowly transported by a variety of  mass-
movement processes toward the gentle continental rise (Fig. 7.1). Locally, this transversal dispersal 
was interrupted by longitudinal sediment dispersal in the intraslope basin of  the Asturian Plateau 
where the MOW interacted with Le Danois Bank. The continental rise forms the depositional area 
(sink) of  the Cantabrian and western Pyrenees mountains (source) with the building of  fans, but it also 
creates a bypass area of  debrites and turbidites towards the Biscay Abyssal Plain. In this sense, the 
westward steepness (e.g. < 0.3º down to < 0.008º at present day) of  its seafloor must have favoured 
the transverse dispersal pattern of  the deposited sediments and the bypass of  the flows.
 
This depositional model that includes the identification of  the main sediment fairways from conti-
nental shelf  to rise would have been important for a better understanding of  the elder sedimentary 
record and paleoclimate reconstructions of  the region, both onland and continental margin. Fur-
thermore, it would also help to explain the paleoceanographic reconstructions of  these elements as 
well as to predict the presence of  the hydrocarbon reservoir. Likewise, the results obtained in this 
study from the definition and analysis of  the morphosedimentary features are of  great interest from 
an applied geologic point of  view. There is a great variety of  information about seafloor gradients, 
abrupt breaks of  slope, types of  seafloor instabilities, oceanography, sediment pathways, seamounts, 
structural features, fluid-dynamic features, types of  seafloor and sub-bottom material (consolidated, 
semi-consolidated, unconsolidated), that can be widely used in environmental studies and geological 
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assessment.

Sedimentation, tectonism, eustasy and oceanography

The Cantabrian Continental Margin is a good area for analysing the sedimentary footprint exerted 
by tectonism, eustasy and oceanography, as well as their direct relationships with sediment sources 
and its physiography (Fig. 7.1). Both the marine and hinterland domains of  this area were affected 
by the regional Pyrenean active tectonism (Oligocene to Lower Miocene), whose activity decreased 
progressively from sea to land (Lower to Upper Miocene) until a quiescent period (Upper Miocene 
to Plio-Quaternary) was reached. In fact, the three main tectonic episodes have conditioned the 
three mega-sequences and the division of  the long-term sedimentary evolution into three stages. 
Notwithstanding, during these three main tectonic episodes, the Cantabrian Continental Margin 
was affected by global variations in eustasy and by regional variations in sediment supply and ocea-
nography. The interplay among these factors have conditioned environmental changes that are 
reflected by the stratigraphic divisions at meso-sequences scale, because this changes are associated 
to the major or minor occurrence of  mass-movements, the relocations of  the sedimentary systems, 
the changes in the depositional model of  turbidite fans, and the onset of  the contourite sedimentary 
system. All these elements have been associated with environmental changes in terms of  tectonics, 
sediment source, eustasy and variations in the MOW circulation (Fig. 7.2). Moreover, the relative 
importance of  these factors and the role they played in the sedimentation have changed over time, 
from the Late Oligocene to Quaternary periods.

These geo-environmental changes, which appear in a minor scale than those produced by Alpi-
ne tectonism, control the architecture of  continental margins and follow different patterns in the 
Cantabrian Continental Margin. Despite some tectonics drives physiographic changes, the general 
physiography of  the Cantabrian Margin has been maintained over the period of  study. In the study 
area, the continental rise is one of  the best physiographic domains for analysing the controlling fac-
tors. This is so because the Cantabrian shelf  and slope have represented a bypass domain for most 
of  the sediment coming from the hinterland, at least since the Late Oligocene. In fact, Cretaceous 
deposits outcrop in large areas of  the Cantabrian shelf  and slope. Moreover, the areas with sedi-
mentation have been mostly characterised by sediment-transferring architectural elements defined 
by canyons, channels, mass-movements and their associated deposits which are locally modified 
by along-slope currents. This mainly happened after the Upper Miocene (Messinian), when the 
contourite sedimentary systems started to be built in the intra-slope basin of  Asturian Plateau. In 
contrast, the continental rise and also the adjacent Biscay Abyssal Plain represent the sink domain of  
sedimentation and are a key area for analysing the sedimentary products resulting from the interac-
tion between the global and local controlling factors, since the Late Oligocene until the Quaternary. 
It is possible to define through this analysis five different scenarios that combine sedimentation and 
erosion with Alpine tectonics, sea-level changes, sediment sources and oceanography of  the Medi-
terranean waters. These scenarios are the following:

- scenario 1; strong uplift (hinterland and margin), global low sea level in a context of  general rising 
(second-order) and high sediment input. This scenery is the framework of  sedimentation of  
Mega-sequence C (meso-sequences C2 and C1) and took place during the Upper Oligocene and the 
first half  of  Lower Miocene,

- scenario 2; moderate uplift (hinterland), tectonics quiescent on margin (only local fluid dynamics), 
global high sea level with general rising (third-order) and low sediment input. This scenery is 
the framework of  sedimentation of  Mega-sequence B, specifically of  the Meso-sequence B2 and 
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Table 7.1: Correlation between the tectonic and eustatic (second- and third-order) changes and the seismic stratigraphic 
division of  the Cantabrian Continental Margin.

covered the second half  of  Lower Miocene,
Through the detailed analysis of  these sceneries and the resulting sedimentary bodies, especially of  
the turbidite fans, it is suggested that global sea-level changes have played a minor role in the sedi-
mentary architecture and products as well as in their long-term evolution (Fig. 7.2), at least during 
the first 3 scenarios, when the tectonics and sediment supply have played a major role. This relies 

- scenario 3; moderate uplift (hinterland), tectonics quiescent on the margin (only local fluid dy-
namics in slope and tectonic subsidence in rise), global high sea level with general falling 
(third-order) and low sediment input. This scenery is the framework of  sedimentation of  
Mega-sequence B, specifically of  the Meso-sequence B1, and went across the Middle Miocene,

- scenario 4; tectonics quiescent (only local fluid dynamics and subsidence), global low sea level 
with general rising (third-order), high sediment input. This scenery is the framework of  sedi-
mentation of  Mega-sequence A, specifically of  the Meso-sequence A2, and existed over the Upper 
Miocene, and

- scenario 5; tectonics quiescent, high frequency global changes of  sea level (fourth- and fifth-
order), high sediment input and MOW activity. This scenery is the framework of  sedimen-
tation of  Mega-sequence A, specifically of  the Meso-sequence A1, and spans the Plio-Quaternary.
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on the assumption that sea-level changes influence the sediment supply, which is higher during fall 
and lowstand stages, and lower during transgressive and highstand stages. This regional and basin 
analysis points out that periods of  higher or lower growth of  turbidite systems seem to be quite in-
dependent of  sea-level position since, for example, the growth of  the turbidite fans is low in scenario 3 
and high in scenario 1. Likewise, this assumption failed in the area of  study because the sedimentation 
is higher in scenarios with sea-level rise (scenarios 1 and 4) than in scenarios with sea level fall (scenario 
3). It is suggested that the abrupt physiography of  this margin implies that the effect of  sea level has 
played a minor role. The eustasy imprint is only recorded by the change between scenarios that has 
always been represented by erosive second-order and third-order surfaces related to global sea level 
changes, specifically rapid falls in sea level.

The regional tectonics is occasionally the main driver controlling the type and volume of  sediment 
supply, but not the only one due to the fact that the climate and sea-level are also involved (Fig. 7.2). 
The direct link between tectonics and sediment supply takes place in Scenario 1 when the Can-
tabrian and Pyrenean mountains uplifted, the submarine highs were formed, and the back-cutting 
of  tectonically active canyons incised deeply into the margin and their heads carved onto the con-
tinental shelf. Mountain range and submarine high uplifts resulted in increased sediment flux to 
the deep areas, forming relatively coarse-grained fans (during Meso-sequence C2) that evolved with 
time to finer-grained fans (during Meso-sequence C1). The direct link between tectonics and sediment 
supply is also observed on the French margin, where the subsidence of  the Parentis Basin and Cap 
Ferret Graben restricts the development of  the Cap Ferret Fan. The lack of  a link between tecto-
nics and sediment supply occurred during the scenarios 2 and 3, where —although tectonic activity 
continued in the hinterland area and on the continental slope at a local level under the form of  fluid 
dynamics— an important decrease in sedimentation takes place in the continental margin. In these 
scenarios, the sediment supply seems to be also independent of  the global sea level position and a 
regional climate influence in the hinterland sediment sources is tentatively inferred. Scenarios 2 and 
3 took place from the end of  the Lower Miocene to the Middle Miocene (20 to 10 Ma). Actually, 
studies with paleoclimatic implications in the Iberian sedimentary basins affected by the Cantabrian 
Mountains suggest that this period was characterised by a very low humidity, indicating a marked 
aridity that favoured an important decrease in the weathering process of  the Cantabrian Mountains 
(Barrón et al., 1996; Benito-Calvo & Pérez-González, 2007). No link between tectonics, climate and 
sediment supply seems to occur during scenarios 4 and 5, whose sedimentary record shows again an 
increase in sedimentation despite the existence of  quiescent tectonics and occurrence of  numerous 
glacial-interglacial stages.

When regional tectonics becomes quiescent in both the hinterland and continental margin areas, 
the role played by the sea-level and the oceanography begins to be recognised in the margin archi-
tecture (Fig. 7.2). With the low sea level reached at the beginning of  the scenario 4 it is possible to 
access the sediment accumulated on the continental shelf  during the two previous scenarios; the ex-
posed sediment is reworked and eroded favouring the increase of  sediment supply toward the deep 
turbidite fans. The onset of  the MOW as well as the onset of  high amplitude and high frequency 
sea-level changes that characterise the scenario 5 entail an important changes in the margin. During 
this time, the sea-level fell down to/close to the shelf-break several times mainly when the sea-level 
was falling (about 60 % of  time according to Chiocci et al., 1997). Furthermore, the shelf  was affec-
ted by subaereal and submarine erosions. Moreover, the glacioeustatic variations are a main driver 
controlling the dynamics of  the MOW and both factors lead to variations in the volume of  sediment 
supply, sediment dispersal and relocation of  the turbidite and contourite sedimentation. These two 
factors help to explain the increase in sedimentation together with favourable climatic conditions for 
high weathering of  the Cantabrian Mountains.
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