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Abstract: In the subtidal zone close to the northern edge from the Cádiz Bay (SW Spain), between the Rota
harbour and the La Galera shoal, several mud patch fields have been identified through side scan sonar re-
cords. These appear in the sonographic records as patches of whitish colour, which are surrounded by dark-
grey sands. In order to establish the factors that control the presence of these bedform fields, a
sedimentological study has been carried out. The results indicate that the normal hydrodynamic agents,
such as tidal currents and waves, did not have capacity to cause these morphologies, therefore, other fac-
tors are necessary to explain their formation. Depositional processes, such as, hydrated gas scape, major
storms, earthquakes and tsunamis, could cause the reactivation and reworking of these bedforms, but they
did not cause their formation. The data indicate that the underwater landslides are related to the presence
of submarine outcrops of Miocene diatomite marls, which constitute the continuity seaward of diatomite
marls that outcrop in the coastal cliff from the nearby Almirante beach. Both emerged and submerged out-
crops show numerous lobed morphologies caused by surface erosion and gravitational slides, which must
have been formed in terrestrial environments, before the sea reached its current level. Later, the submerged
outcrops were modified by the tides and waves, as well as by the action of other processes and events that
partially modified the deposits.
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Resumen:En la zona submareal cercana al margen norte de la Bahía de Cádiz (SO España), entre el puerto
de Rota y el bajo de La Galera, se han identificado varios campos de parches de fango, que han sido car-
tografiados mediante sonar de barrido lateral. Estos aparecen en los registros como manchas de color
blanquecino, rodeados de arena de color gris oscuro. Con objeto de establecer los factores que controlan
la existencia de estas morfologías, se ha realizado un estudio sedimentológico de la zona, cuyos resultados
han permitido caracterizar la morfología y origen de los deslizamientos y los factores que controlan su
permanencia en el fondo. Los resultados indican que los deslizamientos submarinos están relacionados
con la existencia de afloramientos sumergidos de margas diatomíferas de edad Mioceno superior, que re-
presentan la continuación mar adentro de materiales de la misma naturaleza que afloran en el acantilado
de la cercana playa del Almirante. Tanto los afloramientos margosos emergidos como los sumergidos,
muestran abundantes morfologías lobuladas relacionadas con procesos de erosión superficial y desliza-
mientos gravitatorios que tuvieron lugar en ambientes subaéreos, antes de que el mar alcanzase su nivel
actual. Más tarde, la parte sumergida del afloramiento fue modificada por las mareas y el oleaje, así como
por la acción de otros procesos y eventos que modificaron parcialmente los depósitos.
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The studies on submarine landslides in shallow sea bo-
ttoms from the Gulf of Cádiz are scarce, maybe because
these morphologies are uncommon or have not yet been de-
tected. However, this is not so in the case of deeper waters,
such as the external continental shelf and slope, where re-
cent studies show the presence of landslides on the bottom
(Pajarón et al., 2015; Vazquez et al., 2015). 
Regarding the Cádiz Bay, from the 2000 AD, the exis-

tence of mud patch fields is known in subtidal environ-
ments close to the northern coast, between Rota, Santa
Catalina Point and La Galera shoal (Lobo et al., 2000; Pa-
rrado Román et al., 2000a, b; Gutiérrez Mas et al.,
2009b). According to the model of Coleman and Prior
(1981), Parrado Román et al. (2000a, b) interpreted these
morphologies as submarine landslides, those origin was
attributed to the marine agent action on a muddy-sandy
bottom. However, the critical review of the older data, toge-
ther with results obtained from the new sedimentological in-
vestigations performed in the present work, indicate that
these mud patch fields are not only a consequence of the
action of the hydrodynamic agents, but, in addition to
those, other processes and geohistorical factors have also
intervened.  

Geological setting 

The study zone is located in the Gulf of Cadiz (SW Ibe-
rian Peninsula), in the subtidal zone of the Cádiz Bay, bet-
ween Rota, Santa Catalina Point and the La Galera shoal,
between 10 and 15 m in depth (Figs. 1 and 2). This zone is
part of two geological realms: the Betic Mountain Range
and the Guadalquivir basin (Fig. 2). During the Alpine oro-
geny, the push of the Mountain Range on the Paleozoic
substrate formed the Guadalquivir foreland basin, where
syn-orogenic diatomite marls were deposited from the
Early to Late Miocene (Martín Algarra, 1987; Gutiérrez
Mas et al., 1990; Sanz de Galdeano and Vera, 1992; López
García, 1994, 1995; Berastegui et al.. 1998; Gutiérrez Mas
et al., 2009a, b; Gutiérrez Mas and Mas, 2013). A higher
structural level is represented by post-orogenic sediments
deposited in the Guadalquivir basin after the main tectonic
stages of the Alpine Orogeny. These deposits are constitu-
ted of calcarenites, bioclastic sands and conglomerates (Gu-
tiérrez Mas and Mas, 2013; González Acebrón et al., 2016)
(Fig. 2).
The neo-tectonic activity is important in the zone, being

the outcrops affected by faults and tilts, resulting in a
stepped coastline, controlled by NE-SW and NW-SE orien-
tated fractures (Benkhelil, 1976; Gutiérrez-Mas and Mas,
2012). The coastal area is affected by diapiric elevations
caused by Triassic gypsums, which are also recognizable
in the continental margin, linked to transpressional transfers
(Berastegui et al., 1998; Sánchez-Guillamón, 2014; Váz-
quez et al., 2015). Moreover, the zone is close to the Azo-
res fault, limit between the African and Eurasian plates,
which has sufficient potential to cause earthquakes, such
as the known Lisbon earthquake (1755), and the tsunami
that followed, which ravaged the coast of Portugal and
Western Andalusia (Udias et al., 1976; Campos Romero,
1991; Maldonado et al., 1999; Gutiérrez-Mas et al., 2016).  
From the Late Holocene to the present-day, the marine

sedimentation was controlled by standard marine agents,
such as the wave and tide action, climate and sea-level
changes. Other control factors are the neo-tectonic activity
and the action of very-high energy events, such as great
waves caused by major storms and tsunamis (Gutiérrez
Mas et al., 2009a, 2016).  
The hydrodynamic regime is controlled by the wind re-

gimen, tidal currents and waves. The most frequent winds
are from W and SW (Fig. 3), but the E winds are also fre-
quent (Gutiérrez-Mas et al., 2009b). The waves have sea-
sonal character, prevailing those from the westerly
component (Fig. 3). The significant wave height is 0.6–1
m, and the maximum wave height is 4 m. The sea wave
comes from NW and WNW, causing flows toward the SE,
while swell waves comes from W. The calms have a wave
height lower than 0.25 m, and represent the 28.5% from the
type sea, and the 79.54% from the swell (National Clima-
tic Data Center in Asheville, North Carolina, USA; Waves
ROM). With regard to the wave action, their depositional
effects are evident through the presence of sand ribbons on
sandy bottoms. These are formed by effect of the relaxa-
tion flows during major storms.   
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Fig. 1.- Location and aerial image of the study zone.



The tides have semidiurnal character and mesotidal
range, with a mean tidal range of 2.39 m and mean spring
tidal range of 3.71 m. When the ebb reaches the Outer Bay,
the presence on the bottom of the La Galera shoal, divides
the tidal flow into two currents, one runs by the northern
coast, while the other branch borders the Cadiz city toward
the W and SW, following the coast physiography (Fig. 3C). 

Material and methods

The study is based on the analysis of side scan sonar re-
cords, seismic profiles, and submarine sediment samples
(Fig. 4). Geophysical study consisted of several campaigns
of side scan sonar and seismic reflection profiles (3.5 kHz).
Sonographic records were acquired from a Klein instru-
ment, 3900 of high frequency (900 kHz) and 75 m of scan
width. High resolution seismic profiles (3.5 kHz) were ca-
rried out to obtain information on the submarine substra-
tum and sediment thickness, through a parametric mud
penetrator, model SES-96 (Innomar Technologies GmbH),
which had digitized data record, output power of 1–10 kW
and transmission-reception frequency of 1–12 kHz.
Morphologic analysis was held from sonographic mo-

saics. Acoustic signals were digitally recorded for their pro-
cessing and interpretation. Geometrical and morphological
parameters, such as orientation, length and width of the
bedforms were also measured.
Sediment samples were extracted through van veen

dredge and gravity piston core. Sediment samples were posi-
tioned with Differential-GPS. The length of the piston cores

was from 1.8 to 2 m; later these were cut, described, photo-
graphed and prepared for the grain size analysis. Grain size
analysis was used to describe the facies and classify the de-
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Fig. 2.- A) Regional geological map. B) Emerged outcrops close to the study zone. C) Image of Upper Miocene diatomite marls from
the Almirante beach. D) Thickness distribution map of recent marine sediments.

Fig. 3.- A) Wave height in deep waters.  B) Wind diagrams in
different periods. C) Tidal current directions (National Climatic
Data Center in Asheville. North Carolina USA; Waves ROM).



posits. This was carried out by mechanical sieving to the co-
arse fraction (sand and gravel), and by via wet sieving to the
fine fraction (silt and clay). Parameters and size grain distri-
bution were also established. Microfossil content was obser-
ved through a binocular microscope.

Results 

Sediment types 

The bottoms from the Cádiz Bay are sandy although
mud and gravel are also present (Fig. 5A). Rocky outcrops
occupy an important part of the sea bottom and exert an im-
portant control on the currents and the sediment transport,
and consequently on the sediment distribution. It is the case
of the La Galera shoal (Figs. 1 and 3C), a Plio-Pleistocene
outcrop that divides the ebb currents into two main flows or

branches: one that runs along the northern edge of the bay,
which is known as the North channel, and another that runs
along the southern edge, bordering the city of Cádiz that is
known as the Main channel.
The thickness of the non-consolidated sediments is va-

riable with a range between 0 and 10 m and average thick-
ness of 5 m (Fig. 2D). Between 0 and 10 m depth, the
bottom is essentially rocky and sandy (Fig. 5A). The rocky
bottoms correspond to Plio-Pleistocene outcrops, which are
constituted of bioclastic gravels, sands, cemented calcare-
nites, and un-cemented bioclastic accumulations. At N and
S from the La Galera shoal, there are fine sands, clay and
sandy-clay (Fig. 5A). At W from La Galera shoal, between
10 and 15 m depth, the bottom sediments are sandy and
sandy-clayey. In waters deeper than 15 m, this layout con-
tinues until the continental shelf is reached, where mud and
clay are dominant. 
Regarding the microfossil content of the marine sedi-

ments, both van veen dredge and cores samples show the
presence of radiolarians, diatoms, planktonic and benthic
foraminifers, and sponge spicules. Some foraminifers are
similar to others found in recent sediments from the Cádiz
Bay and adjacent continental shelf. However, radiolarians,
diatoms and sponge spicules are similar to those found in
marl outcrops from the Almirante beach cliffs, and whose
ages range from the Tortonian to Messinian. 

Submarine bedforms

The more frequent bedforms are mud patches and
sand ribbons with superimposed small ripples (Table I
and Figs. 6, 7, 8), which are mainly located on muddy-
sandy bottoms from 10 to 15 m depth (Fig. 9). However,
some sand ribbon fields can reach until 30 m depth. At
deeper than 30 m, in the inner continental shelf, the bot-
tom is totally muddy and mud patches and sand ribbons
are not observed.

Mud patches. The mud patches occupy a small part of
the subtidal zone close to the Almirante beach (Figs. 4, 6,
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Fig. 4.- Location of the side scan sonar lines, seismic profiles and
sampling stations. 

Table I.- Geometrical parameters measured in bedform fields from the northern edge of the Cádiz Bay.

Bedform types
Direction Longitudinal axes (m) Transverse axes (m)

Morphologies(Degrees) Max. Mean Min. Max. Mean Min.
Mud patches (subtidal zone)

Lobed, Multilobed,
Field 1 N 200º- 230º 271.8 130 8.1 268.6 90 8.2 Deltoid, Linguoid,

Bilinguoid
Lobed, MultilobedField 2 N 215º- 230º 86.3 40 8.1 100.3 30 6.1
Circular, Linguoid

Slides on continental Miocene diatomite marls

Coastal cliff N 200º-230º 131 100 72 145 75 7.1 Lobed, Linguoid, Deltoid

Sand ribbons (subtidal zone)

Free sand ribbons N 130º -140º 220 150 15 33 14 5 Elongated and straight

Sand ribbons embedded
N 210 -230º 120 63 25 25 15 7.1 Curved and sinuousin mud patches
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Fig. 5.- A) Marine sediment types and cores location. B) Stratigraphic succession deduced from the sediment cores. 

Fig. 6.- Mud patches from Field 1 (location in Fig. 4), and rose diagram showing longitudinal axe orientations. Legend: 1. Drag marks,
2. Linguoid mud patches, 3. Circular mud patches, 4. Multilobed mud patches.



7 and 8), which is the only zone of the Cádiz
Bay where these morphologies are present.
The mud patches are developed on muddy
bottoms from 10 to 15 m depth. Their mor-
phology is circular, oval, lingual, lobed and
multilobed, and their longitudinal axes are
SW orientated and reach up of 270 m long
(Table I, Figs. 6, 7 and 8). 
Two main mud patch fields are differen-

tiated: 
a) The Field 1 is located at NE of the

study zone, between 10 and 15 m depth (Fig.
6). The sonar records show whitish patches,
which correspond to little reflective sedi-
ments, such as mud or clay. These whitish
patches are surrounded by darker greyish
zones that correspond to reflective sediments,
such as sands. The morphology is circular,
lobed, and linguoid. The longitudinal axes are
between 88 to 272 m length and SW orien-
ted, and between 90 and 150 m wide (Table
I). At NE the patches are greater and roun-
ded, while at S these are smaller (120-170 m),
but the longitudinal axes are also SW orien-
tated.
b) The Field 2 is located on muddy bo-

ttoms, to depths between 13 and 14 m
(Fig. 7). The dominant bedforms are cir-
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Fig. 7.- Mud patches from Field 2 (location in Fig. 4), and rose diagram showing longitudinal axe orientations. Legend: 1. Drag marks,
2. Linguoid mud patches, 3. Circular mud patches, 4. Multilobed mud patches. 

Fig. 8.- Recent sonographies (2015 AD), showing the permanence of the mud
patches, and rose diagram displaying the orientation of the longitudinal axes.



cular and oval mud patches, with SW orientated longi-
tudinal axes, and a similar size to those observed in the
Field 1.
In order to verify the persistence over time of these mud

patches, new side scan sonar records have been carried out
(Fig. 8). The results indicate that the mud patches remain
over time without major modifications and with a similar
morphology, size and orientation to those observed in older
sonographic records (Table I). 

Sand ribbons. The sand ribbon fields are located on
sandy bottoms between 10 and 15 m depth. By their elon-
gated morphology and presence of superimposed small rip-
ples, these bedforms are very remarkable in the sonar
records (Fig. 9). Their origin is linked to directional flow
action, such as the relaxation flows formed during major
storms that are able to transport sand from the seashore to-
ward deeper zones, where is deposited as tempestites. These
show fining-upward sequences, with high-energy horizon-
tal lamination, overlaid by cross lamination (Gutiérrez Mas
et al., 2009b). 

Two types of sand ribbons are observed: 
a) Sand ribbons on free sandy bottoms.

These have rectilinear morphology and SSE
orientation, according to the maximum
slope direction on the bottom (Fig. 9A, B).
b) Sand ribbons embedded in mud pat-

ches. These are shorter than the free rib-
bons, and show curved paths with abrupt
direction changes, because the morphologic
control that the mud patches exert on the
flows. 
With regard to the seismic profiles (3.5

kHz) (Fig. 10), the results indicate that there
is a relatively low acoustic penetration, be-
cause the existence of clay and/or liquefied
gases, which cause acoustic shielding zones,
that prevent the observation of deeper mor-
phologies (Acosta Yepes, 1981; Parrado
Román, 2000a), but it does not indicate any-
thing about the mud patches.
Lateral and vertical variations are only

observed in the profile tops, where the sedi-
mentary sequence is constituted of an alter-
nation of clay layers and fine sand layers. In
regard to the mud patches, clayey deposits
of similar morphology are recognizable in
seismic profiles where the acoustic shiel-
ding zone is deeper, which is only observa-
ble in profiles parallel to the longitudinal
axes of the mud patches, such as the profile
1 (Figs. 10B and C). 
Although the acoustic shielding zones

hardly reach up to 1 m under the bottom sur-
face, this is enough to detect that the mud
patches are located in places where the
overlaying sandy layer is absent, which is
coincident with the presence of small faults.
These fractures can be outlet ducts to the un-

derlying clay deposits, which appear over the surficial
sands (Fig. 10C). These faults are also consistent with the
position and orientation of escarpments located on the
landslide heads.  
With respect to the profile 4, which is perpendicularly

orientated respect to the direction of the longitudinal axes
of the patches, it did not provide information about the mud
patch layout (Fig. 10A). The profile only shows the sou-
thern edge of the study zone, which is represented by La
Galera shoal, an underwater Plio-Pleistocene outcrop which
controls the tidal current directions, and the sediment dis-
tribution on the bottom (Figs. 3C and 5). 

Marl outcrop from the Almirante beach

The coastal cliffs from the Almirante beach (Figs. 1, 2C
and 11), indicate that the outcrops are constituted of white marls
from the Upper Miocene, with thin sandy intercalations. The
abundant microfossils, such as diatoms, radiolarian, sponge spi-
cules, silicoflagellates, planktonic and benthic foraminifers, and
ostracods, indicate a Tortonian-Messinian age.
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Fig. 9.- A and B) Free sand ribbons. C) Sand ribbons embedded in mud patches.
D) Rose diagram showing the orientations of free sand ribbons and sand ribbons
on mud patches. Legend: 1. Free sand ribbons, 2. Sand patches, 3, 4. Mud patches,
5. Sand ribbons embedded in mud patches.



Over the Upper Miocene marls, numerous landslides
are observed (Fig. 11). These have variable morphology,
but the circular, ellipsoidal and lobed forms are predomi-
nant (Fig. 11 and Table I). The longitudinal axes are bet-
ween 72 and 131 m length, and their orientation is toward
the WSW. Both, longitudinal axes and escarpments on the
landslide heads, are controlled by ENE-WSW and ESE-
WNW orientated fractures (Fig. 11C). The first direction
corresponds to fractures perpendicular to the coastline,
which also form grooves and small creeks. The second one
corresponds to fractures parallel to the seashore, which con-
trol the coast dominant direction, and existence of stepped
escarpments located on the landslide heads. A third struc-
tural direction is E-W which generates small grooves and
escarpments that interfere with the previously described
morphologies (Fig. 11). 

Interpretation and discussion 

The studied morphologies are not recognized in any other
places of the sea bottoms from the Cádiz Bay, except in a
small sectors from the study zone. It is therefore a singular
case, reason why, in order to interpret the results and to esta-
blish the origin of these mud patches, two main issues should
be considered: the depositional processes which caused the

formation of the mud patch fields, and the provenance of the
clay deposit on which these fields were developed.

Effect of tides and waves 

The presence of sand ribbons on the sea bottom surface
is an undoubted signal of an active sediment transport due to
the directional flow action. These bedforms could be caused
by relaxation flows generated by storm waves, combined ef-
fect of waves and tidal currents, or by action of greater waves
caused by oceanographic events. The sand ribbons occur by
shear effect of the current on the bottom sediments (Álvarez
et al., 1997), and subsequent transport and deposition of sand.
The question is to establish if these flows are also able to form
mud patches of morphology, size and orientation similar to
those observed in the sonographic records. 
In order to establish the wave and tide effect on the bottom

sediments, Álvarez et al. (1997) elaborated a high-resolution
hydrodynamic model for the Cádiz Bay, which simulates dif-
ferent hydrodynamic situations. An interesting situation is that
in which the wave and tide effects are attached. The analysis
of the variability of the drag coefficient (stress over seabed)
and the energy dissipation, representative of the current in-
fluence on the sediment load during a tidal cycle, shows an in-
crease of the drag coefficient in shallow bottoms of the

Puntales Strait (Fig. 12), where a decre-
ase of the current speed of 4–8 cm/s is
observed, while in shallower bottoms of
the Bay the decrease is only of 2–4 cm/s
(Kagan et al., 2001, 2005). The data in-
dicates that, if the wave and tide effects
are attached, the maximum current
speed occurs in a waters deeper than
that existing in the study zone, because
in shallow bottoms the energy of the
flow is balanced with the dissipation of
the tidal energy over the bottom (Fig.
12). So, it must be considered that the
combined effect of waves and tides is
not significant in the zone where the
mud patches are located. The resulting
currents are not enough strong to gene-
rate bedforms of morphology and size
similar to the mud patches observed in
the sonagraphic records. 
According to the model of Cole-

man and Prior (1981), the clayey
landslides were deposited above a thin
layer of sand, after that this was bro-
ken by the displacement of the underl-
ying mud, resulting in a mud patch
field, such as it is seen in the side scan
sonar records, where the patches (whi-
tish colour) are surrounded by sand
(dark gray tones) that remained un-
broken on the sea bottom. However,
the data indicate that the combined ef-
fect of waves and tides are not the trig-
gering factor of the process.
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Fig. 10.- Seismic profiles (3.5 kHz), and their location on the study zone.
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On the other hand, as previously commented, a sand ac-
tive transport from the shore to offshore is evidenced by
the presence of sand ribbons fields (Fig. 13). In this sense,
the presence on the sea bottom of different typologies, in-
dicates a differentiated hydrodynamic and depositional be-
havior. On free bottoms, where there are no mud patches or
rocky outcrops, the sand ribbons are straight and orientated
according to the maximum slope direction, that is, toward
the SE (Fig. 13D). However, on bottoms where there are
mud patches fields, the sand ribbons paths show different
orientations, since the flows are driven by the grooves bet-
ween mud patches, according to the dominant direction of
these toward the SW (Fig. 13D). 
Thereby, the different orientations of the sand ribbons

developed on free bottoms and the sand ribbons embedded

in mud patches, confirm that the action of the operant flows
in the study area, are not able to form mud patches, but ra-
ther waves and tides, even the combined effect of both,
have limited their action to a partial remobilization of pre-
existing deposits, so that other factors and processes must
be investigated.

Event action

With regard to event action, such as earthquakes and tsu-
namis, historic events are cited in the Cádiz coast, such as
the Lisbon earthquake of 1755 yr. AD, and the tsunami that
followed, which had devastating effects on the Andalusia
Atlantic coasts (Udias et al., 1976; Grimison and Chen,
1986, 1988; Campos Romero, 1991; Dawson et al., 1995;

Fig. 11.- A) Aerial image of the Almirante beach, showing landslides on diatomite marls. B) Aerial image of circular and lobed land-
slides, and rose diagram showing longitudinal axe orientations. C) Coastline variations linked to different fracture directions in the
Almirante beach, and rose diagram showing the main structural directions.



50 UNDERWATER LANDSLIDES IN THE CÁDIZ BAY

Revista de la Sociedad Geológica de España, 30(1), 2017

Fig. 12.- Relations between tidal currents and bottom sediment mobility. A) Mean (over a mean tidal cycle) drag coefficient (CD) predicted
with allowance for sediment load effect. B) Mean (over a tidal cycle) energy dissipation, Wm-2. (Modified from Álvarez et al., 1999).

Fig. 13.- A) Sonographic image of sand ribbons (2) embedded in mud patches (1). B) Free sand ribbons (3) and sand patches (4). C) Re-
laxation flows caused by storm waves, and deposits of tempestites on the shoreface. D) Rose diagram showing the orientations of free sand
ribbons respect to sand ribbons embedded in mud patches. 
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Fig. 14.- Landsat image of suspended matter flows in the Cádiz Bay. Values of DM (Digital Numbers), Tide height: 2.56 m, Wind speed:
calm. (Andalucía Environmental Agency). 

Fig. 15.- A) Geological map of the Almirante beach and nearby subtidal zone. B) Aerial image of the Almirante beach and landslides de-
velopment on Miocene diatomite marls.



Baptista et al., 1998; Borja et al., 1999). In this sense, if the
wave height assigned to the cited tsunami is considered, the
earthquake magnitude correspond to 4.5 degrees in the Tsu-
nami Japanese Scale (Iida, 1963a, b), which is equivalent to
an earthquake of 8.5–9 degrees in the Richter scale (Cam-
pos Romero, 1991). However, if the bottom physiography
effect is considered, the earthquake magnitude should be
lower, although enough to cause the devastation of the co-
astal areas. From the depth and distance to the coast, the sea
bottoms of the study zone should be intensely affected by
both earthquake and tsunami (Gutierrez Mas et al., 2016). 
The earthquake action could be by cutting effect of the

seismic waves on the bottom, which causing instability of
the sediments, an increase of the pressure on the sediment
granular pores, the liquefaction of hydrated-gas present
in the deposits and gas scape. The presence of hydrated
gases in submarine deposits is an important mechanism
to cause submarine landslides (Hampton et al., 1996;
Kvenvolden, 1995, 1998; Gardner et al., 1999). Earth-
quakes and tsunamis can change the mechanical proper-
ties of the sediments, transforming them in a solid of
lower volume and permeability, which facilitates the gas
escape and the rupture of the overlaying sediments (Pe-
cher et al., 2004). On the other hand, the existence of
faults of small slump could also facilitate the exit of clay
toward the sea bottom surface. 
Regarding to the direct effects of the tsunami, the great

waves must generate up-run and upward currents, as well
as the dragging of a great quantity of sediments, which
were transported and deposited on the shore and even in-
land. Later, the sediments were transported seaward and de-
posited on the shoreface as sand ribbons (Fig. 13), and on
the inner continental shelf as tempestites.
Given the location of the study area, it is undoubted that

these processes could occur. However the depositional ef-
fects of both earthquake and tsunami did not reach beyond
producing erosion and remobilization of pre-existent de-
posits, as well as the formation of sand ribbon fields to dif-
ferent depths and distances from the coast. But it does not
mean that the tsunami waves caused the mud patch fields,
since these bedforms are only located in a small sector of
the Cádiz Bay. If the mud patcheswere caused by the 1755
AD tsunami, similar bedform fields would be widely spread
on the bottoms of the Cádiz Bay.  

Provenance of the clay deposits

Two possibilities are discussed: 
a) The clays were provided by the action of the standard

marine agents and deposited from the suspension. The main
sources of suspended matter to the Outer Bay are the Guada-
lete River mouth, the Río San Pedro tidal channel, and the
Puntales Strait (Guillemot et al., 1987; Gutiérrez Mas et al.,
2006). The paths of the tidal flows transporting suspension
matter are marked on the seabed. Fine sediments, such as mud
and sandy mud, are deposited on the seabed forming bands
that follow the trajectories of the currents (Fig. 5). 
The suspended matter flumes that circulate in the Cádiz

Bay follow the same paths that the tidal currents essentially

the ebb. The flow directions detected from Landsat sate-
llite images (Fig. 14), indicate that the study zone is loca-
ted in a place where the concentration of suspended matter
in sea water is low, from 24 to 30 mg/l to calm conditions.
Under these conditions, the arrival of suspended matter to
the zone is minimum, while the clay sedimentation rate on
the sea bottom is also low. The facts suggest that the clay
deposits on which the mud patches fields are located are
not a consequence of the current marine dynamics.
b) The clay deposits on which the mud patches are de-

veloped correspond to older outcrops that currently are sub-
merged. Aerial images of the coastal cliffs from the
Almirante beach show the existence of landslides develop-
ment on Miocene white marls (Fig. 14 see pag. 51, Table I).
These landslides have morphologies, size and direction si-
milar to the mud patches observed in the close subtidal zone.
These marls contain diatoms and radiolarians that also are
recognized in some underwater samples, although these are
mixed with remains of younger marine organisms.
According to these data, the mud patches fields could

correspond to inherited morphologies from an older out-
crop, similar to those present in the coastal cliff from the
Almirante beach, which are currently submerged and sub-
jected to reworking by the current hydrodynamic agents. 
The neo-tectonic activity is also important in the evo-

lution of these outcrops, since faults and fractures are res-
ponsible of the distribution of emerged and submerged
zones (Figs. 11C and 15, see pag. 51). Fractures oriented
from NE to SW are responsible of the size and orientation
of the longitudinal axes of the mud patches, while the frac-
tures oriented from NW to SE are responsible of the direc-
tions of the escarpments located on the landslides head. 

Conclusions 

The data about submarine landslides in shallow sea
beds from the Cádiz Bay are scarce, because these mor-
phologies are uncommon or have not yet been detected.
However, in a small sector located in the subtidal zone from
the northern edge of the Bay, several mud patch fields have
been observed in side scan sonar records. These morpho-
logies appear as whitish patches surrounded by dark-grey
sand. These patches were initially interpreted as underwa-
ter landslides, and their origin attributed to the marine agent
action on a muddy-sandy bottom, according to the Cole-
man and Prior (1981) model. 
A critical review carried out on older data, together to

results provided by new investigations, indicate that the
presence of these mud patches is not only a consequence of
the hydrodynamic agents. Regular tidal and waves are not
capable of causing these morphologies. Geometric para-
meters measured in the underwater mud patches, indicate
that there is no relationship between these and the direct
action of the waves and tides. 
The geophysical data show the existence of normal

faults of small slump, which broke the sea bottom surface
and the sandy layer located at sequence top, facilitating the
exit of the clayey deposits. Hydrated gas scape, major
storms, earthquakes and tsunamis, could cause the reacti-
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vation of these bedforms, but they were not either cause of
their formation.
A significant fact is that these morphologies are not re-

cognized in any other places of the Cádiz Bay, which means
that the factor controlling their existence have a local cha-
racter. The geometric parameters measured in the under-
water mud patches, are similar to landslides developed on
Miocene diatomite marls from the Almirante beach. The
data indicate that the mud patch fields represent the conti-
nuity seaward of the marl outcrop present in the coastal
cliff, and that the mud patches are also landslides. Both
emerged and underwater outcrops show numerous lobed
morphologies caused by surficial erosion and gravity sli-
des, in a terrestrial environment, before the sea reached its
current level.
The combined effect of the tectonic structure, little com-

pacted deposits, together the current sea-level position, jus-
tifies the existence of these underwater mud patches fields.
Later these outcrops were submerged, and the marls un-
derwent reworking and re-sedimentation processes by
major storms, earthquakes and tsunamis, which also cause
gas scape and even reactivation of the displacement pro-
cesses. 
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