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[1] The Gulf of Cadiz, located at the southwestern
Iberian margin, is characterized by widespread
seismicity, compressional and strike-slip fault plane
solutions and by a large, elongated positive free-air
gravity anomaly, the Gulf of Cadiz Gravity High
(GCGH). Multichannel seismic profiles across and
along GCGH, together with bathymetric and gravity
data, allow us to study in detail the tectonic
architecture and crustal structure of the Gulf of
Cadiz. The upper shelf and slope of the Gulf of
Cadiz includes the main structural domains of the
Betic fold and thrust belt. In the middle part of the
Gulf, the Paleozoic basement crops out on the shallow
Guadalquivir Bank and is associated with the largest
signature of the GCGH, whereas toward the outer part
of the Gulf, the basement deepens progressively. A
large NW-SE normal fault and conjugate NE-SW
faults define a prominent basement high associated
with the GCGH. Modeling of the GCGH suggests
localized crustal thinning of 10 km along the central
part of the Gulf of Cadiz, probably generated during
the Mesozoic rifting episode between the Iberian and
African plates. Concentric wedges of fold and thrust
belts and large allochthonous masses were emplaced
in the Gulf of Cadiz during the Neogene
compressional phase. The final emplacement of
these units becomes progressively young from the
SE (pre-early Langhian) toward the foreland in the
NW (late Tortonian). Seafloor surface ruptures,
pockmarks, and submarine landslides provide
evidence of active faulting in the Gulf of Cadiz. To
accommodate the present-day convergence between
the African and Eurasian plates, previously
extensional faults have probably been reactivated

and inverted at depth, as suggested by the
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1. Introduction

[2] The Azores-Gibraltar seismic zone marks the present-
day western boundary between the Eurasian and African
plates [e.g., Roest and Srivastava, 1991; Kiratzi and Papa-
zachos, 1995] (Figure 1a). Plate kinematic models together
with focal mechanisms show that the motion between the
two plates is slow (about 4 mm/yr) [Argus et al., 1989] and
mainly changes from a NE-SW extension along the Terceira
Rift in the west, to an E-W right-lateral strike-slip along the
Gloria fault [Laughton et al., 1972] at the center, and a NW-
SE compression and strike-slip in the east, from 14�W to the
Straits of Gibraltar [e.g., Minster and Jordan, 1978; Grimi-
son and Chen, 1986] (Figures 1a and 1b). The last segment,
which corresponds to the eastern end of the Azores-Gibral-
tar zone, is characterized by a significant and diffuse
seismic activity (Figure 1b), with events of Mw = 8 to 8.5
[Fukao, 1973; Udı́as et al., 1976; Grimison and Chen,
1986; Buforn et al., 1995]. In this area the plate boundary
is not well defined, and the convergence between the
African and European plates is accommodated through a
widespread tectonically active deformation zone [e.g., Sar-
tori et al., 1994; Hayward et al., 1999].
[3] Tortella et al. [1997] subdivided the area into two

main morphotectonic domains: (1) the region between the
Gorringe Bank and Cape San Vicente to the west, and
(2) the Gulf of Cadiz, between the Cape San Vicente and
the Straits of Gibraltar to the east (Figure 1b). The first area
is characterized by a complex and irregular topography,
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dominated by large seamounts, deep abyssal plains, and
massive rises [e.g., Bergeron and Bonnin, 1991; Gràcia et
al., 2003] (Figure 1b), such as the Gorringe Bank, where one
of the largest amplitude gravity anomalies has been reported
[e.g., Souriau, 1984] (Figure 1c). The oceanic convergence
occurring in this area results in a continental collision as the
plate boundary crosses toward the Straits of Gibraltar [Gri-
mison and Chen, 1986], although the location of the ocean-
continent boundary is still a matter of debate [Hayward et
al., 1999]. The second area, the Gulf of Cadiz, is underlain
by Hercynian continental crust [González et al., 1998] and is
characterized by a smoother topography and by a prominent
NE-SW trending positive free-air gravity anomaly [Roberts,
1970] (Figures 1b and 1c). The whole region has experi-
enced a complex history since the Mesozoic in response to
the changes in motion and location of the Eurasian-African
plate boundary, jumping across the Iberian Peninsula [Sri-
vastava et al., 1990].
[4] Since the 1970s, the Gulf of Cadiz has been the

subject of numerous geological and geophysical surveys,
mostly tectonic and sedimentological work, with the aim of
unraveling its complex geodynamic history [e.g., Auzende
et al., 1981] and hydrocarbon reservoir potential [e.g.,
Delaplanche et al., 1982]. The main limitation of earlier
studies in providing a complete picture of the Gulf of Cadiz
structure is that they mainly focused on the shelf [Malod
and Didon, 1975; Flinch et al., 1996; González et al., 1998;
Nelson and Maldonado, 1999; Lobo et al., 2000], or on
isolated offshore seismic reflection profiles [e.g.,Malod and
Mougenot, 1979; Banda et al., 1995; Tortella et al., 1997].
[5] In this paper we present the results of a comprehensive

multichannel seismic reflection (MCS) and high-resolution
geophysical survey carried out in the Gulf of Cadiz, within
the framework of the European BIGSETS project [Mendes-
Victor et al., 1999; Zitellini et al., 2001]. This new data set
together with previously acquired deep penetration seismic
data [Banda et al., 1995] comprise the totality of the Gulf of
Cadiz, from the shelf to the outer part of the Gulf (6�W to
9�W) (Figures 1c and 2). The MCS profiles are strategically
designed across and along the prominent positive free-air
gravity anomaly, which henceforth will be termed the Gulf
of Cadiz Gravity High (GCGH) (Figure 1c). The aims of the
present paper are: (1) to provide new constraints on the

pattern and style of deformation of the Gulf of Cadiz
shallow structure and on the timing of the main Cenozoic
tectonic events, based on detailed interpretations of MCS
profiles combined with high-resolution data, (2) to furnish
new insights into the deep crustal structure across the Gulf
of Cadiz, based on modeling of the gravity anomalies, and
(3) to suggest a simple model relating the shallow and deep
structure of the Gulf of Cadiz to the kinematic evolution of
the southwestern Iberian margin.

2. Geological and Geophysical Setting

of the Gulf of Cadiz: Overview

[6] The physiography of the Gulf of Cadiz is dominated
by a NW-SE trending step-like morphology individualizing
three main areas: (1) the shelf and talus, where most of the
published high-resolution [Malod and Mougenot, 1979;
Baraza et al., 1999; Rodero et al., 1999] and MCS surveys
[Flinch et al., 1996; Maldonado et al., 1999] were carried
out, (2) the middle part, dominated by the shallow Guadal-
quivir Bank (from 7�300W to 8�W) and by a region referred
to as ‘‘ridges and valleys’’ to the SE of the bank, and (3) the
outer part (west of 8�W), dominated by spurs and large
submarine canyons attaining a depth of more than 3000 m,
such as the Portimao Canyon (Figure 2).
[7] The complex structure of the Gulf of Cadiz is a

product of the interaction of the southern end of the Iberian
rifted margin, the displacement of the Gibraltar Arc, and the
convergence of the African and Eurasian plates [Banda et
al., 1995]. The original pattern of the Mesozoic Iberian
rifted margin was partly obliterated during the successive
deformation phases in the region [e.g., Olivet, 1996]. The
Gibraltar Arc integrates the Betic and Rif mountain belts of
Alpine Orogeny (Figure 1b), characterized by north, south
and west vergent low-angle thrust systems with a radial
tectonic transport [Sanz de Galdeano, 1990]. The offshore
extension of the Western Betics, comprising the Guadalqui-
vir Basin, the Betic External zones and the Campo de
Gibraltar Flysch (Figures 1b and 2) was first identified in
the Gulf of Cadiz by Lajat et al. [1975]. As a result of the
Neogene convergence between the African and Eurasian
plates, a number of allochthonous units were emplaced, and

Figure 1. (opposite) (a) Plate tectonic setting of the Southwest Iberian Margin (gray box), along the Azores-Gibraltar
boundary between the Eurasian and African plates. ATJ: Azores Triple Junction; TR: Terceira rift; GF: Gloria fault.
(b) Regional bathymetric map of the Southwest Iberian Margin (contour interval: 500 m) constructed from the predicted
bathymetry of Sandwell and Smith [1997]. Seismicity from the Instituto Geográfico Nacional [1999] catalog for the period
between 1965 and 1999 is depicted. Small gray dots are epicenters of earthquakes for 2.5 < mb < 3.5, and large gray dots
are epicenters of earthquakes for mb > 3.5. Fault plane solutions are from Buforn et al. [1988, 1995], Ribeiro et al. [1996],
and Mezcua and Rueda [1997]. Light gray arrows show the direction of convergence (4 mm/yr) between the Eurasian and
African plate from NUVEL1 model [Argus et al., 1989]. Main geological domains of the Southwest Iberian Peninsula
summarized from Lanaja et al. [1987] and Frizon de Lamotte et al. [1991]. Front of the allochthonous unit modified from
Torelli et al. [1997]. (c) Subaerial topography and satellite-derived free-air gravity map of Southwest Iberia contoured at
100 m and 10 mGal intervals, respectively [Sandwell and Smith, 1997] (see also the United States Geological Survey
Digital Elevation Model, USGS-GTOPO30, available at http://edcdaac.usgs.gov/gtopo30/gtopo30.html). Note the
prominent NE-SW trending positive anomaly located along the Gulf of Cadiz, termed the Gulf of Cadiz Gravity
High (GCGH). The white outlined box depicts the study area presented in Figure 2. The location of the profile modeled in
Figure 12 is depicted by a thick white line. GB: Guadalquivir Bank.
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these have been identified from the Gulf of Cadiz to the
Horseshoe Abyssal Plain [Bonnin et al., 1975; Torelli et
al.,1997;Flinch et al., 1996;Maldonado et al., 1999; Somoza
et al., 1999] (Figure 1b). The origin and different emplace-
ment mechanisms of these allochthonous units are still
controversial, and will be discussed at the end of this paper.
[8] Roberts [1970] first identified the large GCGH free-

air anomaly, which poorly correlates with the seafloor
topography (Figures 1b and 1c). Magnetic data depict a
more complicated pattern [Dañobeitia et al., 1999] al-
though both potential-field data show the highest ampli-
tudes in the middle of the Gulf of Cadiz. Thus, in the
proximity of the Guadalquivir Bank, free-air gravity
anomalies locally exceed 130 mGal [Roberts, 1970], and
magnetic anomalies reach up to 300 nT peak-to-peak

[Dañobeitia et al., 1999]. Deep MCS and wide-angle
seismics from the IAM project [Banda et al., 1995]
(1) allowed the recognition of the main tectonosedimentary
units of the SW Iberian Margin [Tortella et al., 1997],
(2) revealed the continental nature of the Gulf of Cadiz
crust, and (3) provided evidence of a progressive crustal
thinning from the SW Iberian shelf to the middle of the
Gulf [González et al., 1996, 1998].

3. Data and Methods

[9] This study presents an integration of different types of
data: MCS, high-resolution bathymetry, subbottom profiler,
and gravity. The main dataset comprises a series of seven
MCS profiles (BS1 to BS7) acquired in the Gulf of Cadiz

Figure 2. Bathymetric map of the Gulf of Cadiz (contour interval: 100 m) and main geological units
onshore modified from Frizon de Lamotte et al. [1991] and Terrinha [1998]. All seismic reflection
profiles used for this study are depicted. They comprise recently acquired data from the BIGSETS project
(‘‘BS’’ profiles); deep-seismic reflection data from the IAM project available for this work (‘‘GC’’ and T3
profiles) [Banda et al., 1995; Tortella et al., 1997]; and seismic reflection profiles published by
Maldonado et al. [1999] (‘‘L’’ profiles). The multichannel seismic reflection (MCS) profiles presented in
this paper are depicted as bold lines. Locations of commercial wells [Lanaja et al., 1987] and results from
dredges and shallow cores are also depicted [Baldy et al., 1977; Malod and Mougenot, 1979]. The white
outlined box depicts the area presented in Figure 6a. L. Miocene: Late Miocene; CG Flysch: Campo de
Gibraltar Flysch.
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within the framework of the BIGSETS project (BIGSETS
cruise, R/V Urania, November 1998) [Gràcia et al., 2000;
Zitellini et al., 2001] (Figure 2). The data were collected
using a 48-channel, 3 km long streamer and a 1000 cubic
inches Sodera-SSI-airgun array. The airguns were fired
every 10, 15 and 40 s. The speed of the ship was 4.5–
5 knots, yielding a shot spacing of about 25, 37.5 and 100 m,
respectively. The processing sequence for these data includ-
ed deconvolution before stack, band-pass filtering, velocity
analysis and normal moveout correction before stacking. An
f-k migration with a constant velocity of 1700 m/s (profiles
BS1 and BS3), and a Kirckhoff migration (profile BS5)
were also performed. The profiles depicted here, BS1, BS3
and BS5 trend NW-SE (Figure 2) perpendicular to the main
orientation of GCGH.
[10] Additional MCS data are available in the area. They

consist of four deep MCS profiles (GC1, GC2, GC3 and T3)
acquired in 1993 in the framework of the IAM project
(Figure 2). For details on acquisition and processing, see
Banda et al. [1995]. Profiles GC1 and GC3 are arranged
across the GCGH, whereas GC2 runs along the maximum
values of the gravity anomaly. Profile T3 runs parallel to the
GCGH, about 95 km to the southeast (Figure 2). The
original IAM profiles, with a record length of up to 14 s
TWTT [Tortella et al., 1997], were reprocessed, plotted on
the same scale as the BIGSETS lines (0 to 4s–5s TWTT)
and reinterpreted in the light of the new data.
[11] During a subsequent cruise of the BIGSETS project

(PARSIFAL cruise, R/V Hesperides, May 2000), swath
bathymetry (Simrad EM12), high-resolution (2–5.5 kHz)
TOPAS subbottom profiles, and gravity data were collected
in the outer part of the Gulf of Cadiz (from 7�300W to 9�W),
and will also be presented here (Figure 2).

4. Tectonic and Gravity Structure

of the Gulf of Cadiz

[12] Lithostratigraphy of the seismic units recognized on
the MCS profiles was established on the basis of several
published nearshore oil exploration wells [Lanaja et al.,
1987] (Figures 2 and 3). The following units were distin-
guished (Figure 3): (1) Paleozoic basement, mainly com-
posed of shales, coal and volcanic rocks, which on the
MCS records are characterized by discontinuous, high-
amplitude, low-frequency hyperbolic facies, (2) Triassic
evaporites (anhydrite and gypsum), imaged by reflectors
of variable amplitude and frequency, showing diapiric
structures on the MCS profiles, (3) Jurassic to early Ceno-
zoic units, mostly composed of limestones, marls and
dolomites with low-amplitude, highly reflective discontin-
uous seismic facies, (4) late Miocene unit, termed the
Guadalquivir Allochthonous unit [Berástegui et al., 1998],
which consists of a mixture of Triassic gypsum and clays
with incoherent bedding enclosing blocks of heterogeneous
lithologies of Triassic, Upper Cretaceous and Paleocene age
[e.g., Maldonado et al., 1999]. This unit is characterized by
high-frequency, high-amplitude, discontinuous hyperbolic
facies, which hinders imaging of underlying seismic units,
and (5) a thick Plio-Quaternary unit composed of silty clays

and clays imaged by well stratified reflectors with high-
frequency, low-amplitude and very good lateral continuity.

4.1. Structure of the Inner Part of the Gulf
of Cadiz: Betic Fold and Thrust Belt

[13] The inner part of the Gulf of Cadiz is characterized
by an arc-shaped shelf, about 45 km wide and 130 m deep,
and a narrow and steep slope, with its base limited by the
500 m isobath (Figure 2). The geometry of this part of the
Gulf of Cadiz is well illustrated by profiles BS1 and GC3
(Figure 4). From top to bottom, both MCS profiles
are arranged in a well-stratified upper sedimentary unit
overlying a regional unconformity with a rough topography.

Figure 3. Simplified lithologic logs of the most
representative commercial wells used for stratigraphic
correlation between the MCS shelf profiles and the rest of
MCS profiles (see location in Figure 2). Trias: Triassic; IL:
InfraLias; C: Cretaceous; P: Paleocene; M: Miocene; wd:
water depth; mbsf: meters below seafloor. Modified from
Lanaja et al. [1987].
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7 - 6 GRÀCIA ET AL.: CRUSTAL ARCHITECTURE OF THE GULF OF CADIZ



The upper sedimentary unit shows a clear lateral variability:
To the northwest, the unit is thick, relatively undisturbed,
corresponding to the submarine continuation of the foreland
Guadalquivir Basin, whereas to the southeast, it is charac-
terized by anticlinal and synclinal structures, corresponding
to the continuation of the Betic fold and thrust system
observed onland [e.g., Berástegui et al., 1998] (Figure 4).
[14] In its thickest part, the foreland basin is composed of

stratified units dating from early Miocene to Quaternary,
based onwells C3 andB3 (Figures 2 and 4a). On profile GC3,
the geometry of this infill shows an onlap of late Miocene
sediments above the regional unconformity, as deduced from
its geometry and oil well 6X-1 (Figures 3 and 4b). The
structure underneath the foreland basin is characterized by a
system of SE verging folds and thrusts, composed of highly
reflective seismic units of Paleozoic/Mesozoic to early Ter-
tiary age (Figures 3 and 4b). Oil well 6Y-1bis reaches the top
of the Paleozoic basement at 3500 m below sea level at CDP
3300 of line GC3 (Figures 3 and 4b). The Mesozoic to early
Tertiary units beneath the foreland basin are tilted toward the
northwest, with a progressive shallowing of the older units to
the southeast. Their contact with the fold and thrust belt is
sharp, steeply dipping toward the southeast (CDPs 2800 to
3000 in Figure 4b), probably following the fault surface of a
basement and Mesozoic tilted block.
[15] The front of the Betic fold and thrust system is

located around CDPs 15500 and 3100 in profiles BS1 and
GC3, respectively. On profile BS1, the front overthrusts
early to middle Miocene strata, deformed by a diapiric
structure probably composed of Triassic evaporites. On
line GC3, the front slightly folds late Miocene deposits
(Figure 4). A thick sedimentary succession, dating from late
Miocene to Quaternary, onlaps the frontal paleotopography
of the fold and thrust system reaching a maximum height at
CDP 12900 of line BS1 (Figure 4a). From there and toward
the southeast, the geometry of the fold and thrust belt shows
growth synclines between paleohighs, with axes at CDPs
12600, 11700, and 11000 in profile BS1. The synclines
show a progressive thinner and younger growth infill
toward the northwest, ranging from early-middle Miocene
to late Miocene-Pliocene based on well stratigraphy [Lanaja
et al., 1987] (Figure 4a). On line GC3, the entire syntectonic
infill succession is gently tilted to the northwest, onlapping
a significant paleohigh toward the southeastern end of the
profile. Quaternary units are subhorizontal, suggesting that
deformation mostly stopped before their deposition.

4.2. Structure of the Middle Part of the Gulf
of Cadiz: Guadalquivir Bank

[16] The middle part of the Gulf of Cadiz is dominated
by the prominent Guadalquivir Bank, a 28 km long, 12 km

wide feature cropping out at the seafloor at 550 m depth,
as observed on the bathymetric map (Figure 2). The
geometry across this part of the Gulf is imaged along
profiles BS3, located northeast of the bank, and BS5,
across the steepest slopes of the Guadalquivir Bank
(Figure 5).
[17] Profile BS3 shows a general internal disposition

similar to that of the shelf profiles BS1 and GC3 (Figure 5a),
i.e., a thick, relatively undisturbed Neogene to Quaternary
succession at the front of the fold and thrust belt, and a
system of growth anticlines and synclines to the southeast. In
the foreland, the Miocene to Pliocene units display a
significant tilt toward the northwest, where they show
erosional surfaces (Figure 5a). These units partly onlap the
Guadalquivir Allochthonous thrust front, which shoals con-
siderably toward the center of the profile (CDPs 1800 to
2200, in Figure 5a). These Neogene tilted units constitute the
northwestern flank of a wide antiform, probably active after
the emplacement of the allochthonous. The southeastern
flank of this antiform shows small wavelength anticlines
and synclines, which might also have been active recently, as
evidenced by the Pliocene and Quaternary growth-strata
(Figure 5a). These folds developed on top of the Mesozoic
and Tertiary units constituting the NW vergent fold and
thrust belt of the External Betics. The frontal thrust describes
a low-angle trajectory between CDPs 1200 to 1800, from
where it dips toward the southeast. This prominent feature
probably reactivates a previously normal fault deforming the
Paleozoic and Mesozoic cover, as observed on the shelf
(Figures 4b and 5a).
[18] The MCS profile BS5 crosses the Guadalquivir

Bank at CDP 2200 (Figure 5b) and follows a structural
configuration similar to the earlier profile. The Neogene
sedimentary units are also arranged following an antiformal
structure, interrupted by the outcrop of the Guadalquivir
Bank (Figure 5b). Dredges at the southern flank of the
Guadalquivir Bank recovered rocks of Paleozoic age
[Malod and Mougenot, 1979] (Figure 2). The Guadalquivir
Bank is bounded to the NW by several small-throw normal
faults, and to the SE by a large normal fault, displacing the
top of the hanging wall block by several hundred meters
(Figure 5b). North of the bank, well-stratified Miocene to
Pliocene units are tilted toward the northwest, onlapping
into Paleogene and Mesozoic units. At CDP 1900, the
most recent sedimentary units are cut by small-throw,
closely spaced SE dipping normal faults, suggesting active
faulting (Figure 5b). Pockmarks, first described along the
shelf area [Baraza et al., 1999] are also commonly
observed at this flank of the bank affecting the uppermost
sedimentary units (Figure 6b). They seem to be formed by
pore-water or gas seepage associated with active faulting
[Harrington, 1985].

Figure 4. (opposite) (a) Interpreted MCS profiles BS1 and b) GC3. Both profiles are located along the Gulf of Cadiz
shelf. MJ: Middle Jurassic; LC: Lower Cretaceous; UC: Upper Cretaceous; P: Paleocene; M: Miocene; CG Flysch: Campo
de Gibraltar flysch. Paleozoic basement is depicted in dark green, Mesozoic to Paleogene units are in light green, and
Neogene units in yellow. The Guadalquivir Allochthonous unit is depicted in red, and the Campo de Gibraltar and External
Betics in brown. Faults are depicted in black, in dashed line when inferred. Same legend applies for Figures 5, 7, and 8. See
color version of this figure at back of this issue.
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Figure 5. (a) Interpreted MCS profiles BS3 and (b) BS5. Both profiles are located in the middle of the
Gulf of Cadiz, around the Guadalquivir Bank. LM: Late Miocene; MM: Middle Miocene. Location of
Figures 6b and 6c are depicted on profile BS5. See color version of this figure at back of this issue.

Figure 6. (opposite) (a) Newly acquired bathymetric swaths superimposed onto preexistent bathymetry of the middle part
of the Gulf of Cadiz (contour 50 m). The main physiographic features and multichannel seismic reflection profiles are
located. A selection of four high-resolution subbottom profiles, depicted by short black lines (b to e), are presented here:
(b) Pockmarks affecting the uppermost sedimentary layers, north of the Guadalquivir Bank; (c) Gentle folding of the upper
sedimentary units south of the Guadalquivir Bank; (d) Landslide deposit, characterized by a chaotic acoustic facies, at the
foot of a curved headscarp; (e) Diapiric structures affecting parallel-bedding sedimentary units. Latitude, longitude, and
water depth in the center of each image (tip of the arrow) are given.
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[19] To the southeast of the basement high, at the base of
the stratified units, the Guadalquivir Allochthonous unit
shows diapiric structures (CDP 4000). The overlying late
Miocene units are folded showing a synclinal geometry, and
are onlapped by Plio-Quaternary units. This thick sedimen-
tary infill is cut by a small-throw SE dipping steep normal
fault, located around CDP 3600. The Plio-Quaternary
sedimentary units located at the foot of the bank show
contourite-bedding and major channel incisions (Figures 5b
and 6c), probably generated by the outflow currents of the
Mediterranean Bottom Water, from the Straits of Gibraltar
to the Atlantic oceanic basins [Nelson et al., 1993].

4.3. Structure of the Outer Part of the Gulf
of Cadiz: Portimao Bank

[20] The outer part of the Gulf of Cadiz is characterized
by a very rough topography, dominated by large submarine
canyons that are deeply incised in platformal areas or spurs
(Figure 6a). The MCS profile GC1 runs across this part of
the Gulf (Figure 7). To the northwest of this profile, we
recognized the NW tilted narrowly folded and faulted
Mesozoic cover. It is overlain by a 1.3 s TWTT thick late
Miocene and Plio-Quaternary succession, also tilted to the
northwest and strongly eroded. The whole succession is
bounded by the erosional Portimao Canyon to the north, and
by a large SE dipping normal fault to the south, individu-
alizing a structural high termed the IAM Spur (Figure 7). At
the center of the profile, the Miocene sedimentary units are
folded, arranged in a large and wide anticline, as also
observed on lines closer to the shore. They are overlain
by a subhorizontal Plio-Quaternary succession. The entire
Neogene to Quaternary succession is deformed by small-
throw normal faults, such as the conjugate faults near CDP
2200, which may accommodate present-day deformation.
The chaotic facies observed at the base of one of these fault
scarps (Figure 6d) probably corresponds to slope instability
deposits, supporting the idea of recent tectonic activity.
[21] In the central part of the profile, the Paleozoic

basement is found at greater depths, at about 1.6 s TWTT
below the seafloor (Figure 7). Above this basement, the
Mesozoic cover shows diapiric structures probably cored by
Triassic evaporites. The front of the Guadalquivir Allochth-
onous unit, located between CDPs 2400 and 2800, is
affected by one of these diapirs. Toward the southeastern
end of the profile, the allochthonous unit also shows diapiric
structures, deforming up to the Quaternary strata (Figures 6e
and 7). On the seafloor, the emerging diapirs tend to form
small ridges, such as the ones identified on the swath
bathymetry map (Figure 6a).

4.4. Structure Along the Gulf of Cadiz

[22] Two longitudinal MCS profiles (GC2 and T3) cut
across the previously described profiles and structures, from

Figure 7. (opposite) Interpreted MCS profile GC1 in the
outer part of the Gulf of Cadiz, south of the Portimao
Canyon. P: Paleocene; LM: Late Miocene; PQ: Plio-
Quaternary. Location of Figures 6d and 6e are depicted.
See color version of this figure at back of this issue.

7 - 10 GRÀCIA ET AL.: CRUSTAL ARCHITECTURE OF THE GULF OF CADIZ



the shelf to the outer part of the Gulf of Cadiz (Figures 2 and
8). Profile GC2 clearly images the arrangement of the
Paleozoic basement and Mesozoic cover, which follows a
horst and graben geometry along the Gulf of Cadiz. From
NE to SW, three main basement highs are individualized,
termed A, B and C, respectively (Figure 8a). High A is
located at the intersection between profiles GC2 and GC3, at
3500 m depth, cored by oil well 6Y-1bis (Figures 4b and 8a).
Toward the center of the profile, the Paleozoic basement
shallows progressively until cropping out at the Guadalqui-
vir Bank (High B) at CDP 3300 (Figure 8a), located near the
intersection with profile BS5. From there, the basement
deepens progressively, following a SW dipping staircase of
normal faults, in correlation with a significant increase in
water depth. High C, termed the Portimao Bank, is located at
the end of the profile (CDP 5200, 2.5s TWTT) (Figure 8a). A
lens-shaped section of the Guadalquivir Allochthonous unit
is observed at profile GC2 (CDPs 800 to 2500), confined
between Highs A and B. We can clearly observe its maxi-
mum thickness of 1.6 s TWTT at CDP 1700 (Figure 8a).
Overlying the previously described units, a thick sedimen-
tary sequence composed of slightly deformed Neogene and
Plio-Quaternary units is observed (Figure 8a).
[23] Profile T3 complements the previously presented

MCS data as it runs along the southern part of the Gulf of
Cadiz. At the northeastern end of this profile, near the shelf,
we recognize the thrusting geometries of the Campo de
Gibraltar Flysch and External Betics units. The Guadalqui-
vir Allochthonous unit is continuously imaged from CDP
2600 as far as the southwestern end of this profile. Some of
the diapirs of this unit reach the seafloor, deforming the
overlying stratified Neogene and Plio-Quaternary units.
Active mud volcanoes have been identified in this part of
the Gulf [Gardner, 2001]. The Paleozoic basement and
Mesozoic cover are not observed along this profile, as they
are probably at greater depths than the 0–5 s TWTT
window imaged here (Figure 8b).

4.5. Free-Air Gravity Signature at the Gulf of Cadiz

[24] The large NW-SE trending positive anomaly termed
the Gulf of Cadiz Gravity High (GCGH) (Figure 1c) seems
to be related to a narrow, elongated basement high running
along the central part of the Gulf. When seen in detail, the
GCGH is composed of the alignment of three local gravity
highs, corresponding to the individual structural highs (A, B
and C) identified on the MCS profiles (e.g., Figure 8a).
[25] The first of these highs (High A) corresponds to a

local maximum of the gravity anomaly (<100 mGal) (profile
GC3, Figure 9). Nearshore, the gravity anomaly abruptly
decreases in amplitude, defining the NE termination of the
basement high around 6�300W (Figure 1b). The highest
values (120 mGal) are recorded near the outcrop of the
Guadalquivir Bank (High B), probably resulting from the
topography effect (profile BS5, Figure 9). The third high,
the Portimao Bank (High C), is characterized by a local
100 mGal gravity anomaly (profile BS7, Figure 9). The
southwestern boundary of the basement high is defined by a
progressive decrease in the gravity anomaly amplitude
around 9�W (Figure 1b).

[26] The northern flank of the GCGH is separated from the
Algarve margin by a gentle gravity low, whereas its southern
flank is associated with a very steep gravity gradient
(Figure 1c). South of the GCGH, there is a large decrease
in the free-air gravity anomalies, up to �100 mGal (profile
T3, Figure 9), which probably correlates with a progressive
deepening of the Paleozoic basement (Figure 8b).

5. Discussion

5.1. Synthesis of the MCS and Gravity Data:
Structural Map of the Gulf of Cadiz

[27] The joint interpretation of the MCS profiles and
gravity data was summarized on the structural map of
the Gulf of Cadiz, which shows (1) the geometry of the
basement and cover, and (2) the extent and contacts of
the allochthonous units (Figure 10).
[28] Three prominent basement highs, associated with the

GCGH, extend about 225 km along the center of the Gulf of
Cadiz. They are controlled by two main structural trends of
normal faults: (1) a large NE-SW trending fault, which we
termed the Guadalquivir Fault, defining the southeastern
flank of the basement high and correlated with a steep
gradient in the gravity signature; and (2) a number of short
NW-SE trending faults, individualizing the three main
structural highs (A, B and C), clearly identifiable by local
positive free-air gravity anomalies. These transverse normal
faults define the step-like morphology of the Gulf of Cadiz,
from the shelf to its outer parts (Figure 10).
[29] To the north of the basement high, Mesozoic to early

Tertiary cover rocks show a gentle organization, with a
regional dip to the southeast [Terrinha et al., 2002]. They
connect through a narrow synclinal basin with the folded and
faulted Mesozoic to Paleocene units imaged in the GC1 and
GC3 MCS profiles (Figures 3 and 4b). The SE vergent folds
and thrusts are parallel to the trend of the basement high
(Figure 10). South of the basement high, the thrusting
geometries of the fold and thrust belt units (i.e., Campo de
Gibraltar Flysch) are arranged following arc-shaped bound-
aries (Figure 10). During the NWpropagation of the allochth-
onous units the basement high probably acted as a tectonic
barrier. This is suggested by the successive embayments
along the front of the Guadalquivir Allochthonous unit,
locally overriding the Guadalquivir fault (Figure 10).
[30] In the outer part of the Gulf of Cadiz, in the proximity

of the Horseshoe Abyssal Plain, the edge of the Giant Chaotic
Body was identified (Figure 10). The Giant Chaotic Body
consists of homogeneous units, continuous for tens of kilo-
meters, with a size and volume comparable to chaotic prisms
occurring in orogenic belts [Torelli et al., 1997]. The Giant
Chaotic Body differs from the Guadalquivir Allochthonous
unit, in that it lacks any thrust geometries and the contact with
surrounding units is stratigraphic (‘‘pinch out’’) (Figure 10).

5.2. Timing of the Gulf of Cadiz Contraction:
Emplacement of Large Allochthonous Masses

[31] During the Neogene evolution of the Betic-Rif
Cordillera, mostly controlled by a regional N-S compres-
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sion, the frontal sector of the Gibraltar Arc began to expel
materials, in a radial, wedge-like movement, from their
internal zones toward the present-day Gulf of Cadiz
[Andrieux et al., 1971; Sanz de Galdeano, 1990]. These
concentric wedges of folds and thrust belts, offshore con-
tinuation of the structural domains of the western Betics
(Campo de Gibraltar, External Betics and Guadalquivir
Allochthonous), were identified on the MCS lines across
the shelf and upper slope of the Gulf of Cadiz. All of
them show NW trending growth anticlines and synclines
showing younger ages of deformation toward the foreland
(Figure 11a), as also observed in seismic lines onshore and
on the Gulf of Cadiz shelf [Flinch et al., 1996; Berástegui et
al., 1998; Maldonado et al., 1999].
[32] The timing of emplacement of these tectonic units

is determined by the crosscutting relationships between the
structures and sedimentary deposits, calibrated by several
nearshore oil wells. The emplacement of the Guadalquivir
Allochthonous unit ended in the late Miocene (late Torto-
nian) (Figure 4a). Toward the southeastern end of the shelf,
the External Betics are composed of Upper Cretaceous units.
According to the gentle folding of the overlying Neogene
units, their emplacement should be pre-Langhian (16 Ma).
The Campo de Gibraltar unit, which is composed of
flysch sequences and diapiric structures, shows a gentle
northwest tilting of the upper sedimentary infill. In summary,
we suggest a migration toward the northwest for the age of
their final emplacement, from pre-early Langhian (16 Ma)

for the Campo de Gibraltar and External Betics, to late
Tortonian (7–8 Ma) for the Guadalquivir Allochthonous
unit (Figure 11b).
[33] The Neogene and Quaternary stratified sedimentary

units of the Gulf of Cadiz shelf preserve the original
topography of the system after the emplacement of
the outermost allochthonous units (Figures 4 and 11a). In
the MCS sections, we observe a differential topography
between the front of the Guadalquivir Allochthonous
and the Campo de Gibraltar units, suggesting that in late
Tortonian, the Campo de Gibraltar units were close to
sea level (Figures 8b and 11a). Deformation continued
after late Tortonian, as is evidenced by a general tilt
of the Plio-Quaternary stratified units toward the northwest,
and by younger folding of the entire thrust system
(Figure 11a). A rapid change in relative sea level, resulting
from a vertical tectonic motion in the rear part of the thrust
wedge and/or eustatic change, may have uplifted the plat-
form of the Campo de Gibraltar above sea level. This has
important implications given that it would have created a
continuous passage across the Gibraltar Strait, allowing a
faunal exchange between Africa and Iberia as suggested by
paleomagnetic and biostratigraphic data [Benammi et al.,
1996; Garcés et al., 1998; Krijgsman et al., 2000].
[34] Two possible mechanisms of emplacement of the

Guadalquivir Allochthonous unit have been suggested. A
tectonic emplacement, as an accretionary wedge of material
carried above a thrust toward the foreland [e.g., Flinch et al.,

Figure 9. Bathymetry (thin lines) and free-air gravity anomaly (thick lines) profiles extracted along
each MCS profiles of the Gulf of Cadiz (see location on small map). Profile GC2, which would be
located along the thick dashed line, has been shifted to the upper part of the figure for clarity. FAA scale
ranges between �50 and 150 mGal except for profile T3, which ranges between �100 and 100 mGal.
Gravity data extracted from the gridded satellite database of Sandwell and Smith [1997].
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1996; Maldonado and Nelson, 1999; Maldonado et al.,
1999; Somoza et al., 1999]; or by a lateral diapiric emplace-
ment of Triassic evaporites, extruded by the tectonic load of
thrust sheets directed toward the foreland [Berástegui et al.,
1998]. This last mechanism would imply intermixing tec-
tonic intrusions of salt into Miocene marine sediments, and
the subsequent disruption and folding of these allochthonous
units by the continuous advancing of the thrusts. This last
hypothesis is more in agreement with our observations on
the Gulf of Cadiz MCS profiles: The Guadalquivir Allochth-
onous unit shows Triassic salt diapirs at its front (Figure 4a)
and, probably, as detachment levels, along its base. Previous
to the emplacement of the Guadalquivir Allochthonous unit,
large gravitational accumulations and submarine landslides
formed the Giant Chaotic Body [e.g., Lajat et al., 1975;
Bonnin et al., 1975; Torelli et al., 1997].

5.3. Deep Crustal Structure of the Gulf of Cadiz:
Gravity Modeling

[35] To constrain the crustal and upper mantle structure
under the Gulf of Cadiz, a simple 2-D model of free-air

gravity anomaly was calculated (Figure 12). In this case,
two-dimensional models are adequate due to the linear and
elongated character of the free-air gravity anomalies ob-
served in the region (Figure 1c). We modeled a NW-SE
profile extending 220 km from the Algarve coast to offshore
Morocco, across the basement high of the Gulf of Cadiz
(Figures 1c and 12). The geometry of the sedimentary units
and the top of the basement is based on the interpretation of
MCS profile GC1 (Figure 7) and completed with regional
data [Terrinha et al., 2002]. The Moho depth and geometry
of the lower units from the Algarve coast to the center of the
Gulf of Cadiz is tied to the results of wide-angle seismic data
[González et al., 1996, 1998] and to the preliminary gravity
and magnetic models presented by Dañobeitia et al. [1999].
[36] The sediments overlying the basement were modeled

as two layers: Quaternary and Neogene upper sediments,
comprising the Guadalquivir Allochthonous unit; and lower
sediments, composed of the Paleogene and Mesozoic age
strata. The average interval velocity and density of
the sediments and crust was determined from wide-angle
seismic modeling: 2000 kg/m3 for the upper sediments,
2300 kg/m3 for the lower sediments, 2700 kg/m3 for the

Figure 10. Interpretative structural map of the Gulf of Cadiz based on the results from MCS lines,
together with gravity and high-resolution acoustic data. Information from earlier marine surveys has also
been integrated [Baldy et al., 1977; Torelli et al., 1997; Maldonado et al., 1999]. Tectonic map from the
Algarve region (South Portugal) is summarized from Terrinha [1998] and Dias and Cabral [2000].
Fronts of the Guadalquivir Allochthonous onland are from Berástegui et al. [1998].
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upper crust, 2800 kg/m3 for the middle crust, and 2950 kg/m3

for the lower crust [González et al., 1996, 1998]. The upper
mantle was assigned a density of 3300 kg/m3.
[37] Figure 12a shows the best fit gravity model. The root

mean square misfit between the observed and calculated
anomalies is 3 mGal. A crustal thickness of about 21 km is
suggested for the central part of the Gulf of Cadiz. This
value is significantly lower than those obtained for the
Algarve shelf and Moroccan margin (30 km). A relative
ascent of the Moho boundary of up to 10 km is supported by
the gravity model (Figure 12b). The crustal thinning under-
neath the Gulf of Cadiz basement high would have been
generated during the Mesozoic extensional phase, genera-
tion the narrow and elongated high, which corresponds to
the observed GCGH anomaly.

5.4. Evolution of the Africa-Eurasian Plate Boundary
Within the Gulf of Cadiz

[38] The Gulf of Cadiz has undergone successive defor-
mation phases corresponding to the evolution of the Afri-

can, Iberian, and Eurasian plate boundaries since the initial
rifting of the North Atlantic [e.g., Olivet, 1996] (Figure 13a).
In the last 10 years, different plate kinematic models have
been proposed for the North Atlantic region [Mauffret et
al., 1989; Malod and Mauffret, 1990; Srivastava et al.,
1990; Roest and Srivastava, 1991; Olivet, 1996]. Although
most authors agree on locating the major tectonic events,
only a few of them provide sufficient detail of the evolu-
tion of the Iberian plate within the global setting [e.g.,
Olivet, 1996]. Our results will be related to this kinematic
evolution.
[39] On the basis of identification of aeromagnetic

anomalies, Srivastava et al. [1990] suggested that there
has been a model of jumping plate boundary between
Eurasia and Africa since anomaly M0 (120 Ma). For the
older period, late Jurassic to Lower Cretaceous, Mauffret et
al. [1989] and Malod and Mauffret [1990] on the basis of
geological evidence predicted an oblique opening between
Iberia and Africa (Figure 13a). A broad transform zone
involving transcurrent faults with opening of pull-apart
basins controlled the formation of the South Iberian and

Figure 11. (a) Line drawing interpretation of the entire MCS profile GC3, with the location of the main
structural units identified: Campo de Gibraltar, External Betics, Guadalquivir Allochthonous unit and
front, and Foreland. EJ: Early Jurassic; UC: Upper Cretaceous; MM: Middle Miocene; LM: Late
Miocene. TWT: two-way time. (b) Timing of emplacement of the aforementioned structural units. GPTS:
geomagnetic polarity timescale [Cande and Kent, 1995]. See text for explanation.
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North African margins (Figure 13aI). During the Lower
Cretaceous episode (Valanginian to Aptian), their model
predicts a N-S extension, with the development of deep
basins between North Africa and Iberia (Figure 13aII). We
suggest that the extensional architecture of Gulf of Cadiz
(the NE-SW step-like morphology and NW-SE structural
highs alignment, together with a localized crustal thinning
along the center of the Gulf) could have first developed
during this period (Figure 13bI). The sharp boundaries
limiting the basement high could be related to transform
faults of transcurrent motion defining the original rift
segmentation. In contrast to a number of authors [e.g.,
Flinch et al., 1996; Maldonado et al., 1999], we did not
find any geological or geophysical evidence of oceanic crust
being generated at this stage.
[40] At Chron 34 (Santonian, 84 Ma), Iberia was attached

to the African plate and the plate boundary with Eurasia
was then located at the Bay of Biscay [Srivastava et al.,
1990], when Alpine compression started to generalize
[Olivet, 1996]. The compressional phase at the Gulf of
Cadiz, may have started as early as late Paleocene (Chron
24, 56 Ma) (Figure 13aIII), as evidenced by the pre-
Neogene folding of the foreland units in the MCS profiles
(Figures 4b and 10). The Azores-Gibraltar fracture zone has
been the plate boundary between Africa and Iberia since
Chron 18 although the relative motion was small until early
Oligocene (Chron 13, 36 Ma). Since then, the motion has
been extensional near the Azores, strike slip along the

Gloria fault and compressional east of Gorringe Ridge
[Roest and Srivastava, 1991] (Figure 13aIV).
[41] The evolution of the Gulf of Cadiz since Chron 6

(20 Ma) has been dominated by a regional N-S compression,
by the subduction of the African plate under the South
Sardinian Domain, and by the opening of the Algerian-
Provençal basin during the early and middle Miocene
[Andrieux et al., 1971; Sanz de Galdeano, 1990]. These
factors caused the closing of the Western Mediterranean area
and the lateral expulsion of the Internal Zones of the Betic
and Rif Cordilleras toward the west and WSW (see section
5.1) (Figure 13aIV). During the Tortonian, the main direction
of compression began to rotate toward the NNW-SSE [i.e.,
Sanz de Galdeano, 1990], and, as evidenced on the MCS
profiles and structural map (Figure 10), large allochthonous
units and gravitational accumulations were emplaced toward
the Gulf of Cadiz (Figure 13bII). The distribution of these
units was controlled by the preexisting extensional structures.
[42] Compressional and strike-slip focal mechanisms and

widespread seismicity registered in the area provide evi-
dence of a WNW convergence in the Gulf of Cadiz [Argus
et al., 1989; Buforn et al., 1988] (Figure 1b). Present-day
deformation accommodated by faulting is mainly attributed
to its associated processes, such as pockmarks and mass-
wasting deposits. The Guadalquivir Fault, that bounds the
SE flank of the basement high, appears as a high-angle
normal fault near the surface. However, at depth it probably
develops into a low-angle detachment merging with other

Figure 12. Two-dimensional gravity model from the Algarve to the Moroccan Margin, across the Gulf
of Cadiz Gravity High (GCGH) (see Figure 1c for location). (a) Observed and calculated free-air gravity
anomalies. (b) Best fit gravity model. In bold line, section constrained by wide-angle modeling [González
et al., 1996].
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faults, as suggested by the intermediate seismicity (20–
30 km) [e.g., Buforn et al., 1995; Seber et al., 1996]. These
faults, such as the Guadalquivir Fault, correspond to weak
areas inherited from the Mesozoic rifting phases. During the
Cenozoic compressional phases they were probably reac-
tivated and inverted, as suggested by tilting and deformation
of sedimentary units.

6. Conclusions

[43] 1. The combined interpretation of multichannel seis-
mic reflection profiles together with high-resolution ba-

thymetry, subbottom profiler, and gravity data allow us to
gain insights into the tectonic architecture and crustal
structure of the Gulf of Cadiz. The geometry of the
seismostratigraphic units in the inner part of the Gulf clearly
follows the main tectonic domains of the onshore western
Betic Cordillera (Guadalquivir Allochthonous, External
Betics and Campo de Gibraltar) (profiles BS1 and GC3).
A similar geometry is found toward the middle and outer
part of the Gulf of Cadiz (profiles BS3, BS5 and GC1),
where the Paleozoic basement, Mesozoic cover and Mio-
cene allochthonous units are shallower, with a thin Plio-
Quaternary drape showing erosional features. The Paleozoic
basement crops out at the Guadalquivir Bank, bounded by a
large normal fault (Guadalquivir fault), which displaces the
surrounding seafloor up to 500 m. Recent tectonic activity is
observed on the Plio-Quaternary units around the bank.
[44] 2. The Gulf of Cadiz Gravity High (GCGH) anomaly

is associated with a NE-SW trending basement high, its
southern flank limited by a prominent normal fault (Gua-
dalquivir fault). Imaged in detail, the basement high is
composed of an alignment of three structural highs (A, B
and C), one of them (B) locally outcropping at the Gua-
dalquivir Bank. Two-dimensional-forward gravity modeling
suggests that the elongated gravity high is also associated
with crustal thinning of up to 10 km for the central part of
the Gulf. All these extensional features (normal faulting and
crustal thinning) were formed during the main Mesozoic
rifting phase taking place between Iberia and Africa. It is
during this phase that the original segmentation of the basin
(i.e., sharp limits of the GCGH and basement high) could
have occurred through transcurrent faulting.
[45] 3. During the Neogene convergence between the

Iberian and African plates, several allochthonous units were
emplaced. The age of the end of the deformation migrated
toward the NW, from pre-early Langhian (16 Ma) (Campo
de Gibraltar and External Betics) to late Tortonian (7–8 Ma)
(Guadalquivir Allochthonous unit). Gentle symmetrical
folding, probably generated by diapiric uplift, affects the
Neogene units at the back of the allochthonous front.
The Neogene units located in the foreland basin appear
undisturbed, fossilizing an erosional post-Oligocene paleo-
topography. Large mass-wasting deposits, such as the Giant
Chaotic Body, were emplaced as far as the Horseshoe
Abyssal Plain.
[46] 4. Present-day convergence between the Eurasian

and African plates, suggested by focal mechanisms and
seismicity, is evidenced by active faulting and associated
processes (seafloor surface ruptures, pockmarks and subma-
rine landslides) taking place in the Gulf of Cadiz. However,
the original extensional architecture of the Gulf was main-
tained through the different deformation phases. Thrusting
geometries, suggested by compressional fault plane solu-
tions recorded at depths between 14 and 30 km are probably
accommodated by the reactivation and inversion of Meso-
zoic extensional faults, such as the Guadalquivir fault.
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Figure 13. (a) Sketch of the kinematic evolution of the
African, Iberian and Eurasian plates from M22, M0, Chron
24 and Chron 6. Gray depicts main compressional zones.
(Modified from Olivet [1996]). (b) Simplified models of the
Gulf of Cadiz evolution: (I) During the Mesozoic exten-
sional stage (M0, 120 Ma), normal faulting and crustal
thinning develops; (II) During the main Neogene compres-
sional phase (C6, 20 Ma), faults are inverted, and large
allochthonous masses are emplaced. Both sections are
located in Figure 13a.
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grant EST.CLG.978922 (to J. Vergés). We wish thank the captain, crew and
scientists on board the R/V Urania and BIO Hesperides for their assistance
throughout the data collection. We are indebted to M. Torné for kindly
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Figure 4. (opposite) (a) Interpreted MCS profiles BS1 and b) GC3. Both profiles are located along the Gulf of Cadiz
shelf. MJ: Middle Jurassic; LC: Lower Cretaceous; UC: Upper Cretaceous; P: Paleocene; M: Miocene; CG Flysch: Campo
de Gibraltar flysch. Paleozoic basement is depicted in dark green, Mesozoic to Paleogene units are in light green, and
Neogene units in yellow. The Guadalquivir Allochthonous unit is depicted in red, and the Campo de Gibraltar and External
Betics in brown. Faults are depicted in black, in dashed line when inferred. Same legend applies for Figures 5, 7, and 8.
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Figure 5. (a) Interpreted MCS profiles BS3 and (b) BS5. Both profiles are located in the middle of the
Gulf of Cadiz, around the Guadalquivir Bank. LM: Late Miocene; MM: Middle Miocene. Location of
Figures 6b and 6c are depicted on profile BS5.
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Figure 7. (opposite) Interpreted MCS profile GC1 in the
outer part of the Gulf of Cadiz, south of the Portimao
Canyon. P: Paleocene; LM: Late Miocene; PQ: Plio-
Quaternary. Location of Figures 6d and 6e are depicted.
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