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Abstract

Reflection profiles characterize the structure and the upper Mesozoic to Cenozoic deposits of the Gulf of Cadiz region. Two
long ENE—-WSW multichannel seismic lines (ca. 400—500 km long) are analyzed to study the evolution of the area from the
continental shelf to the Horseshoe and Seine abyssal plains. The huge allochthonous deposits emplaced in this region (the so-
called “Olistostrome” of the Gulf of Cadiz) are described in terms of three different domains on the basis of the seismic
architecture, the main tectonic features and the nature of the basement, oceanic or continental. The eastern domain extends
along the continental shelf and upper and middle slope and corresponds to the offshore extension of the Betic—Rifean external
front. It is characterized by salt and shale nappes later affected by extensional collapses. The central domain develops along the
lower slope between the Betic—Rifean front and the abyssal plains and is characterized by a change in dip of the allochthonous
basal surface and the basement. The allochthonous masses were emplaced by a combined gravitational and tectonic mechanism.
The northern boundary of this domain is marked by the occurrence of an outstanding WNW —ESE-trending thrust fault with a
strike-slip component, termed here as the Gorringe—Horseshoe fault. The westernmost domain corresponds to the abyssal
plains, where the distal emplacement of the allochthonous body takes place; it is characterized by thrust faults affecting both the
sedimentary cover and the oceanic basement. The allochthonous masses show a less chaotic character and the thickness
decreases notably. These domains represent different evolutionary steps in the mechanisms of emplacement of the
allochthonous units. The eastern domain of the allochthonous units was emplaced as part of the pre-Messinian orogenic wedge
related to the collision that gave rise to the Betic—Rifean Belt, whereas the allochthonous wedge of the central and western
domains were emplaced later as a consequence of the NE—SW late Miocene compression that continues in present times.
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1. Introduction

The Gulf of Cadiz regien straddles the E-W
trending segment ef the Furasian—African plate
beundary that extends frem Azeres te the Mediterra-
nean Sea, between the Gleria Fault and the western
end of the Alpine Mediterranean belt: the Gibraltar
Arc (Fig. 1). The diffuse nature of this segment of the
plate beundary is widely accepted en the basis ef the
related seismicity, that is characterized by scattered
shallew-and intermediate-type earthquakes (Vazquez
and Vegas, 2000). Earthquake fault plane selutiens
(Grimisen and Chen, 1986; Bufern et al., 1995;
Jiménez-Munt and Negrede, 2003) suppert the exis-
tence of a wide transpressien zene ascribed te the
slew (2—-4 mm/year) eblique NW-SE cenvergence

that initiated in the late Miecene (Dewey et al., 1989;
Argus et al., 1989).

The Gulf of Cadiz is alse a relevant area, as it
cemprises the ecean—centinent beundaries ef the
African and Iberian margins, in spite that the exact
lecatien eof beth beundaries is net well knewn. Mest
of the Gulf of Cadiz is fleered by centinental crust
that thins te the west (Geénzalez-Ferndndez et al.,
2001), whereas the eceanic crust is feund at the
Gerringe Bank, Herseshee and Seine Abyssal Plains
(Purdy, 1975; Recser ct al., 2002).

In the wake of the epening ef the Central Atlantic,
the geedynamic evelutien ef the Gulf eof Cadiz has
been ruled by N—S Africa—Eurasia cenvergence. This
plate cenvergence lasted frem mid-@ligecene up te
late Miecene times and then centinued with slew late
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Fig. 1. Location map of Tasyo and HE-91 MCS lines and previous surveys in the Gulf of Cadiz: ARIFAN® lines (Sartori et al., 1994; Torelli et
al.,, 1997), IAM lines (Tortella etal., 1997; Gonzalez-Femandez et al., 2001), C® lines (Hayward et al., 1999). Shaded areas denote the wack of
seismic lines displayed in the following figures. Inset shows plate tectonic setting with plate boundaries as solid lines. (1) South Portuguese
Zone of the Iberian Massif, (2) Complexes of the Alboran Bomain, (3) Flysch units, (4) Mesozoic Maghrebian Bomain Cover, (5) Mesozoic
South Iberian Womain Cover, (6) Neogene— Quaternary Beposits, (7) Guadalquivir Allochthon boundary onland.



Miecene te recent NW cenvergence (Dewey et al.,
1989; Srivastava et al., 1990; Resenbaum et al.,
2002). Westward drift and cellisien ef the Alberan
Demain with the nerth African and seuth Iberian
margins in the early—middle Miecene, caused the
develepment of the Rif and Betic eregen, and as a
censequence the radial emplacement of huge allechth-
eneus masses (the se-called “elistestreme unit™) en
the Guadalquivir Basin (Iberian fereland), Rharb
Basin (Nerth African fereland) and Gulf ef Cadiz
(Percenig, 1960—1962; Flinch and Vail, 1998; Terelli
et al., 1997, Maldenade et al., 1999; Gracia et al.,
2003a).

Since the chaetic bedy was recegnized enland in
the sixties (Percenig, 1960—1962) and effshere in the
fellewing decades (Reberts, 1970; Lajat et al., 1975;
Bennin et al., 1975; Baldy et al., 1977; Maled and
Meugenet, 1979; Maldenade ct al., 1999) varieus
interpretatiens have been made te explain the em-
placement mechanism ef this allechtheneus unit (in-
cluding gravitatienal precesses, debris-flew mecha-
nisms, diapirism and tectenic melange, ameng ethers).
These interpretatiens gave rise te different nemencla-
tures: ‘‘@listestreme’’, ‘“‘Guadalquivir allechthen”
and ‘“Guadalquivir accretienary wedge”. There is,
hewever, a general agreement en the age of emplace-
ment, which has been established as late Tertenian in
the Guadalquivir (Percenig, 1960—1962) and Rharb
fercland basins (Flinch and Vail, 1998). A similar
discussien has been carried en fer the effshere pre-
lengatien ef this unit in the Gulf of Cadiz (Terelli et
al., 1997; Tertella et al., 1997; Maldenade et al., 1999;
Semeza et al., 1999; Gutscher et al., 2002).

The tectenic setting of the Gulf of Cadiz has been
se far ascribed te three scenaries: (a) Maldenade et al.
(1999) prepesed subductien ef the intermediate-type
Iberian crust under the Alberdn micreplate in a
western Alberan subductien zene and subsequent
defermatien ef the lewer plate in the ferm eof crustal
slices (eceanic slices at the Gulf eof Cadiz). (b)
Gutscher et al. (2002) censidered that in the Gulf of
Cédiz, these allechtheneus masses represent an active
accretienary cemplex related te a narrew east-dipping
slab ef eceanic lithesphere west of the Gibraltar Arc,
under the Alberdn Sea. (c) Sarteri et al. (1994)
suggested that in the distal margin and Atlantic basin
plains there is ne subductien-related defermatien, but
the stresses are released acress a 200-km area between

the Seine Abyssal Plain and the Gerringe Bank,
witheut a defined plate margin. Vazquez and Vegas
(2000) alse supperted a diffuse centractive deferma-
tien of the lithesphere due te the African—Iberia
cenvergence. This diffuse defermatien eccurs at the
leng-lived Africa—Iberia interface, a “net fully
fledged” plate beundary (Vegas, 2001). Beth tectenic
regimes—subductien and distributed cempressien de-
fermatien—have been related in the same tectenic
frame by Vézquez and Vegas (2000).

The ebjective of this werk is te centribute te the
knewledge of the main tectenic structures and the
evelutien ef the Gulf of Cddiz within the African—
Iberian Tertiary cenvergence. We analyze twe leng
transects (ca. 400—500 km leng) frem the Cadiz
centinental shelf and Strait ef Gibraltar te the
Herseshee and Seine Abyssal Plains. These sectiens
have been mainly drawn en the basis ef twe-leng
reflectien seismic prefiles, acquired during the
Tasye cruise. Te date, ne attempts have been made
te explain the evelutien ef the elistestreme unit
frem the Guadalquivir Basin te the Atlantic abyssal
plains. These cress-sectiens net enly reveal the
present tectenics and structure ef the regien, but
alse allew us te infer the geelegical evelutien. The
leng sectiens are cemplemented, mercever, with
additienal Tasye prefiles that shew detailed struc-
tures (Fig. 1).

2. Geological background

The main geelegical units that beund the Gulf of
Cadiz are: the Algarve Basin in the nerth part, the
Seuth Pertuguese Zene eof the Iberian Massif, that
creps eut in seuthern Pertugal, the Guadalquivir
fercland basin te the east and the Betic—Rifean
eregenic belt, which extends frem seuthern Iberia te
Merecce threugh the Gibraltar Arc (Fig. 1).

The Algarve Basin extends aleng seuthern Pertu-
gal and the centinental margin with an E-W direc-
tien. The basement is made up ef Devenian and
Carbenifereus materials, which beleng te the Seuth
Pertuguese Zene, a Variscan SW verging feld-and-
thrust belt (Ribeire et al., 1983). The stratigraphic
recerd of this basin extends frem Late Triassic te
Quaternary with a hiatus frem Cenemanian te Mie-
cene. Nevertheless, Paleegene depesits have been



feund en the centinental shelf, where bereheles have
drilled sediments eof Paleecene and Eecene age. The
evelutien ef the Algarve Basin within the seuth
Iberian margin is characterized by the Alpine tectenic
inversien of the Mesezeic extensienal structures (Ter-
rinha et al.; 2002).

The Betic belt has been divided in terms of intemal
and external zenes. The fermer cerrespends te the
Alberan Demain Cemplexes and is made up ef a stack
of nappes mainly cempesed of Palcezeic te Triassic
metamerphic recks. The external zene (Subbetic
units) represent the seuth Iberian Mesezeic paleemar-
gin, later incerperated inte the belt and characterized
by thin skinned tectenics. They censist of Triassic te
lewer Miecene depesits detached and thrusted te-
wards the fereland. The Subbetic is everthrusted by
the Flysch ef Campe de Gibraltar units, which cen-
tains Cretaceeus te Miecene siliciclastic depesits,
mestly turbidites. These sediments were depesited in
a deep treugh lecated between the Iberian margin and
the Alberan Demain and later translated and incerpe-
rated inte the Gibraltar Arc belt (Azafién et al., 2002).

In the Cadiz area, twe secters have been defined
enland within the External Zene (Berastegui et al.,
1998; Garcia-Castellanes et al., 2002): a seuthwestern
zene of Mesezeic eutcreps (lewer Jurassic te upper
Cretaceeus—Paleecene age), and te the nerth, a bedy
which has been traditienally referred te as the @lis-
testreme or Guadalquivir Allechthen, censtituted by
chaetic masses and a frental Miecene nerth-verging
imbricated wedge. This chaetic bedy censists ef
Triassic evaperites and red beds with blecks, mestly
of upper Cretaceeus te Paleegene limestenes. It alse
invelves marlstenes ranging frem Aquitanian te Ter-
tenian. The seutheastern half ef the Guadalquivir
fereland basin is cevered by this allechtheneus unit,
which near the ceast reaches a width of 50 km and a
thickness of 2—3 km (Flinch and Vail, 1998). These

wedge-shaped allechtheneus units extend frem the
Iberian Peninsula and Merecce (Prerifaine nappes at
the Rharb fereland basin) te the Herseshee and Seine
Abyssal Plains.

3. Methodology and data sources

As part ef the TASY® Preject, a multichaimel
seismic reflectien (MCS) survey was catried eut in
2000 in the Gulf of Cadiz abeard the B/@ Hespérides.
During this cruise, 1728 km of MCS seismic prefiles
were ebtained cressing the area in ENE-WSW, NE—
SW and NW-SE directiens (Fig. 1). Seismic data
were acquired by means of a five BOLT airgun array
of 22.45 and 34.8 1 (line Tasye-3) ef capacity and a
TELEDYNE 96-chammel streamer of 2.5 km leng, and
recerded for 10 s at a 2-ms sampling rate. The shet
interval was 50 m. Data precessing (stacking and time
migratien) has been perfermed at the B/@ Hespérides
and the Institute Andaluz de Ciencias de la Tierra
(CSIC). The area was simultaneeusly surveyed with
Simrad EM-12 multibeam eche seunder.

Analysis ef these new seismic data allew us te
identify several seismic units and map the main
tectenic features that have determined the general
structure of the margin (Fig. 2). Additienal MCS
prefiles ebtained during HE-91 cruise as well as
IAM seismic lines have alse been analyzed te cem-
plement the eastemmest part of the Gulf of Cadiz and
the Herseshee Abyssal Plain. The structures and
seismic units identified en MCS lines have been tied
te ether prefiles (Fig. 1) previeusly published by
different authers in the area (Sarteri et al., 1994;
Terelli et al., 1997; Tertella et al., 1997; Hayward et
al., 1999). Seismic unit ages have been assigned en
the basis ef tentative cerrelatiens with DSDP 135 and
units defined by Maldenade et al. (1999).

Fig. 2. Swuctural map of the survey areabased on interpretation of MCS lines. The map is supplemented in the Portuguese continental shelf with
the Carta Geoldgica de Portugal a escala 1:500,000 (Servigos Geoldgicos de Portugal, 1992) and in the southwest Portuguese margin, the
Marques de Pombal fault has been traced after Terrinha et al. (2003). Bathymetric contours from Tasyo multibeam data and Smith and Sandwell
(1997). Crustal thichness after Purdy (1975), Medialdea et al. (1986), Gonzalez et al. (1998) and Gonzalez-Femandez et al. (2001). AH:
Albufeira basement high; ALG: Algarve Basin; CB: Cadiz Basin; CPR: Coral Patch Ridge; BCC: Biego Cao Channel; F-A, F-A; F-B, F-C,
FC;: Fronts of the Allochthonous Units; FF: Flysch Front; GB: Guadalquivir Bank; GUALD: Guadalquivir Allochthon boundary (buried);
GUALo: Guadalquivir Allochthon boundary (outcropping); HAP: Horseshoe Abyssal Plain; LC: Lagos Canyon; PC: Portimao Canyon; PH:
Portimao basement high; SbF: Subbetic Front; SF: San Femnando; SVC: San Vicente Canyon. (1) South Portuguese Zone (Paleozoic), (2)
Complexes of the Alboran Bomain (Internal zone), (3) Flysch units, (4) Algarve Basin (Mesozoic), (5) Triassic deposits (External zone), (6)

Mesozoic sediments (External zone), (7) Neogene —Quaternary sediments.
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The current structure of the regien and its evelutien
is envisaged threugh twe leng ENE-WSW line-
drawings (Fig. 3). Beth line drawings are chiefly
derived frem the interpretatien ef MCS prefiles
Tasye-1 and Tasye-12. Nevertheless, in erder te get
amere cemplete image of the regien, beth Tasye lines
has been linked te MCS prefiles IAM-T3 and HE-91-
10 and IAM-GC-2 and HE-91-12 lines, respectively
(Tertella et al., 1997, Genzdlez-Fermandez et al.,
2001). The structure of the lewer crust and Mehe
depth is based en velecity medels, where depth has
been cenverted te¢ TWT (Genzédlez-Fernandez et al.,
2001), and en ether seismic data (Sarteri et al., 1994).
It sheuld be censidered, hewever, that these cenver-
siens might lecally preduce a disterted image of the
crustal geemetry.

4. Stratigraphic framework

Five units are differentiated abeve the aceustic
basement. These units range in thickness frem: 2—
2.5 s (TWT)in the middle centinental slepe te 2—3.5 s
(TWT) in the lewer slepe, and again te 2—2.5 (TWT)
in the basin plains (Fig. 3).

The cemplete stratigraphic sequence ef the sedi-
mentary cever in the Gulf of Cadiz regien is censti-
tuted by the fellewing units (Fig. 4): (Ul) a basal
upper Jurassic—lewer Aptian unit made up ef marls
and limestenes, enlapping basement irregularities
with a mean thickness of 400—600 ms TWT; (U2)
an upper Cretaceeus—lewer Eecene predeminantly
terrigeneus unit (shales with chert layers and lime-
stenes at the base) depesited in a deep sea enviren-
ment (Hayes et al., 1972) and with a fairly censtant
thickness of 400 ms TWT aleng the basin plains, that
increases tewards the slepe (600—800 ms TWT); (U3)
a unit that has been tentatively attributed te the Upper
@ligeccne—Miecene accerding te the stratigraphic
pesitien, that was enly recegnized en the Herseshee
Abyssal Plain and lecally at the lewer slepe with a
thickness of abeut 400 ms (T WT); (U4) the Allechth-
eneus Unit ef the Gulf of Cddiz, the se-called “@®lis-
trestreme”’, (U5) a Miecene—Quaternary Unit. This
later unit is cempesed en the centinental shelf and
slepe of Miecene marly clays and sands, and Plie-
cene—Quaternary hemipelagic depesits, centeurites
and turbidite beds (Maldenade ct al., 1999). @n the

seuthen edge of the Herseshee Abyssal Plain, DSDP
135 drilled marls and nameplankten chalk eeze ef
late @ligecene—carly Miecene te Pleistecene age
(Hayes et al., 1972).

Due te its specific characteristics (unusual thick-
ness and wide distributien) and the widely discussed
mechanism ef emplacement, the “elistestreme unit”
merits independent attentien. In this centributien,
these depesits will be called the Allechtheneus Unit
of the Gulf of Cadiz (AUGC). This deneminatien
aveids genetic implicatiens, since mere than ene
mechanism can be inveked aleng the evelutien ef
the margin, as it will be farther discussed.

The wedge-shaped AUGC is censtituted by a set of
superpesed sheets. Its thickness ranges frem @ s in the
external frent te 2.5 s TWT (abeut 2.75 km assuming
a velecity of 2.2 km/s, after Genzalez-Fernandez et
al., 2001). These masses have been seismically char-
acterized by chaetic reflecters and numereus diffrac-
tiens and hyperbelic reflectiens. Nevertheless,
tewards the western external frent as the thickness
decreases, it is seismically mere ceherent and less
defermed. The allechtheneus depesits have been
drilled enshere in frent of Chipiena (Cadiz G-1 in
Fig. 1) where it is made up ef marls and anhydrite
(Maestre et al., 2003).

The allechtheneus masses invelve twe Miecene
units defined in the centinental shelf and upper slepe
by Maldenade ct al. (1999): pre-elistestreme unit M1
(Langhian-Serravallian and lewer Tertenian) and syn-
elistestreme unit M2 (upper Tertenian). Fragments of
Mesezeic and plastic Triassic materials and even
lewer Cenezeic units are alse cemprised in the
AUGC, taking inte acceunt seismic and well data
(Maestre et al., 2003). @n the centinental shelf and
upper slepe the AUGC everthrusts unit M1, cem-
pesed of grey and green clays, which is respensible of
the marly diapirism in the Gulf of Cadiz. Similar data
has been reperted by Flinch and Vail (1998) in the
seuthern margin eof the Guadalquivir fereland basin.

S. Structure of the Gulf of Cadiz from seismic
interpretation

The tectenics, seismic architecture, merphestruc-
ture and crustal structure of the area will be described
and interpreted in terms of three key regiens (Figs. 2
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the area.

and 3): (1) the eastermmest regien, which extends
aleng the centinental shelf and upper and middle
slepe, has been named the @ffshere Betic—Rifean
Demain; (2) the central demain, which includes the
Frental Slepe of the allechtheneus wedge; and (3) the
euter @ceanic Demain, that cerrespends te the Herse-
shee and Seine Abyssal plains separated by the Ceral
Patch Ridge, where thrust tectenics affecting the
basement is censpicueus. This later demain includes
the distal frent of the AUGC.

5.1. The offshore Betic—Rifean domain

The nerthern external beundary is marked by a set
of clengated basement highs, named the Guadalquivir
Bank, and the Pertimae and Albufeira basement highs
(GB, PH and AH, respectively, in Fig. 2). These highs
are lecated en the middle slepe at 1200—1300 m
depth, seuth ef the Algarve Basin, and they cerre-
spend te the effshere prelengatien ef the Variscan
basement eutcrepping in Seuth Pertugal (Fig. 2). The
Guadalquivir Bank censtitutes the enly Variscan base-
ment eutcrep (Seuth Pertuguese Zene of the Iberian
Massif) of the margin, where graywackes, shales,

quartzites and basic velcanic recks were dredged
(Vegas et al., 2004), altheugh in Fig. 3a it is cevered
with a thin layer of sediments. These basement highs
play an impertant rele in the merphestructure and
depesitienal architecture of the margin, as they trap
sediment supplied frem the Algarve Basin, act as an
ebstacle fer the advance of the AUGC and influence
the develepment ef canyens and channels en the
margin. The basement highs everlie a thinned centi-
nental crust of 22—23 km (Genzalez-Fernandez et al.,
2001) and their dimensien and impertance are well
expressed by gravity and magnetic anemalies (Dafie-
beitia et al., 1999).

East and seuthwards and in the preximity ef the
Strait of Gibraltar, the Flysch and Subbetic units cress
ebliquely the centinental shelf and upper slepe and
centinue inte the Mereccan margin with the Rifean
flysch and extemal units te ferm the Gibraltar Arc
(Fig. 2).

The regien is characterized by successive arcuate
thrusts cerrespending frem E te W te the Flysch and
Subbetic materials in the internal area and te the
AUGC, which centinues enland (Figs. 2 and 3b). The
Flysch units eutcrep extensively clese te the Strait of



Gibraltar and everthrust the Subbetic units (Figs. 3a
and 5). The Subbetic units include upper evaperitic
Triassic units, affected by diapirism, and Mesezeic te
Tertiary carbenate and terrigeneus depesits (Jurassic te
late @ligecene), which everlie the Paleezeic basement.
Several diapirs have been identified effshere in this
area, as fer example a huge diapir clese te the Flysch-
Subbetic beundary, seaward off San Fernande (SF in
Fig. 2), where a salt diapir eutcreps. @ver the Subbetic
and Flysch units, an arcuate basin (Cédiz Basin, CB in
Fig. 2) with twe marked depecenters lecated ever the
frents eof beth units is remarkable in Fig. 3b (S.P. 600
and 1100), filled by a middle Miecene—Quaternary
depesitienal sequence of mere than 1 s TWT.

West of the Subbetic Frent (SbF in Fig. 2), the
AUGC develeps as a set of superpesed units that
pregrade seawards, reaching pregressively further
distances aleng a seaward dipping basal surface
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(Fig. 3b). The chaetic masses of the nerthern allechth-
eneus wedge frent everlic middle Miecene depesits,
as fer example clese te the Pertimae basement high
(Fig. 6).

The pregressive westward migratien ef these units
is respensible fer the cenvex merphelegy ef the
isebaths en the slepe, which appear as a fan-shaped
bedy. The AUGC reaches the base of the middle slepe
at 2400 m water depth, and delineates the external
beundary ef this demain (F—C in Figs. 2 and 3b). In
spite of the chaetic character attributed te the AUGC,
the high quality ef the seismic data allews us te
distinguish the internal landward-dipping reflecters
that represent the basal detachments of the successive
imbricated bedies (Fig. 3b).

Extensienal cellapses and rell-ever structures are
feund at the back ef the advancing allechtheneus
sheets (Maestre et al., 2003). These features are
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Fig. 5. Interpreted MCS line HE-91-13 and seismic profile across the Flysch and Subbetic units. Biscussion in the text. See Fig. 1 for location.
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Fig. 6. Wetail of the MCS line Tasyo-6 and line drawing in the Portimao basement high area, showing the extemnal front of the AUGC. See Fig. 1

for location and Fig. 4 for seismic units explanation.

represented in Fig. 2. where several listric faults with
an arcuate frace merge at the sea fleer near the
centinental shelf break in frent ef Chipiena.

The itregular and undulating tep ef the allechthe-
neus unit frequently shews meunded geemetries, that
can either mark secendary frents er geemetries related
te diapirism (Figs. 3 and 5). Extensive mud diapirism
and mud velcanism has been reperted threugheut the
Gulf of Cadiz margin (Semeza et al., 2002; Pinheire
et al., 2003). @n Fig. 2, the lecatien ef the main
diapirs and mud velcanees structures extending frem
the ceast te the lewer slepe are shewn. In the nerthern
Gulf of Cadiz, these diapirs display a NE-SW trend,
parallel te the arcuate Subbetic Frent and ferm a set of
parallel ridges (Hernéndez-Melina et al., 2003). Seuth
of the Strait ef Gibraltar, mud velcanees fellewed a
NNW-SSE trend.

Near the ceast, the 30-km-thick centinental crust
thins pregressively te 21-22 km appreximately at
8°W (Genzilez-Fernandez et al., 2001). Twe base-
ment highs that beleng te the nerthern beundary ef
this demain are represented in Fig. 3a: the Guadalqui-
vir Bank and the Albufeira basement high, lecated te
the SW (Fig. 2), where the upper crust has been
defined using wide-angle seismic reflectien medels.
Taking inte acceunt that the Guadalquivir Bank is
made up ef Palcezeic recks, it is prepesed that this
uppermest layer represents the Seuth Pertuguese
Zene. A preminent intracrustal reflecter (Fig. 3b),
asseciated with the tep ef the middle crust at 4 s
TWT (appreximately 5 km depth) beneath the Cadiz
Basin, can be traced dewn te 10 s TWT (12 km depth)
aleng an 80-km leng seaward dipping surface. This
crustal beundary separates twe blecks (upper and



lewer crust) with different reflectien signatures. There
are alse greups ef upper crustal reflecters rising frem
this midcrustal regien, which ceuld be censidered
emerging thrusts ramping up inte the upper crust frem
the midcrustal detachment zene.

5.2. The fiontal slope of the allochthonous wedge: the
transition to the basin plains

The lewer slepe and rise is characterized by the
eccurrence of an eutstanding WNW —ESE-trending
fault, named here as the Gerringe—Herseshee fault,
which lies seutheast of the Gerringe Bank and beunds
the nertheastern margin eof the Herseshee Abyssal
Plain (Figs. 2 and 3a). Anether feature ef this area
is the change in inclinatien ef the allechtheneus basal
surface. The greatest thicknesses of the AUGC are
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reached in this demain, clese te the Gerringe—Herse-
shee fault (Fig. 3a).

The internal beundary ef this regien is well eb-
served seuth ef San Vicente Cape by an abrupt deep-
ening of the basement of 3 s (TWT) frem the Albufeira
High aleng 15—20 km, fellewed by a gentler deepening
of 1.5 s (TWT) aleng 25 km (Figs. 3a and 7).

Three seismic units (Ul, U2 and U3) ef Late
Jurassic te Miecene age underlie the AUGC (Fig.
3a). In centrast te the eastern demain, the AUGC (U4)
seems te invelve the cemplete Miecene depesitienal
sequence and censtitutes the bulk ef the “infilling”” of
the slepe basins. The abrupt deepening ef the base-
ment facilitates the gravitatienal cellapse eof the
allechtheneus unit and the everlying sediments (Fig.
3a). As it can be ebserved in Fig. 7 (S.P. 4500—5500),
several allechtheneus sheets have slid dewn duc te
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Fig. 7. Segment of MCS line Tasyo-12 and line drawing. Note the slope failure produce by gravity-driven advance of the allochthonous sheets at
the base of the Albufeira High. See Fig. 1 for location and Fig. 4 for seismic units explanation.



slepe instability and appear superpesed at the base of
the Albufeira basement high. Extensienal structures
are preduced at the slide head due te the gravitatienal
ferces that emplace the slepe allechtheneus masses.
These gravitatienal faults determine the arcuate trace
of the isebaths (Fig. 2).

The Gerringe—Herseshee fault is an active thrust
fault with a right-lateral strike-slip cempenent that has
been identified using seismic data and map criteria
(Figs. 2, 3a and 8). It is 150 km leng and has a NW -
SE directien that slightly changes at its eastern end.
Neetectenic medelling of this part ef the Africa—
Eurasia plate beundary cairied eut by Jiménez-Munt
and Negrede (2003) has predicted NW—SE striking
faults te have dextral metien and relatively high slip
rates (2.8 nwm year™ ). This fault, that has been
cressed by twe seismic prefiles (Tasye-4 and Tasye-
12), displaces the basement tep and seemed te be
reeted at the base of the crust, which lies at 12 s TWT
at the lewer slepe (Genzalez-Ferndndez et al., 2001).

Tasyo-12

It is interpreted te be lecated near the centinent—ecean
beundary, censidering that crustal thickness reaches
14 m (Genzélez et al., 1996). We have alse re-
interpreted this structure in the fellewing seismic
prefiles (Fig. 1): ARIFAN® AR92-0] line, clese te
CDP 1400 (Terelli ct al., 1997) and IAM-3 line, near
CDP 4700 (Genzalez-Fernandez et al., 2001; Tertella
et al., 1997).

The Gerringe—Herseshee fault effsets the uncen-
fermity between the basement and the sedimentary
cever, but alse cuts threugh the AUGC depesits te
the seafleer. This fault preduces tilting of the depe-
sitienal units (which appear nertheastward dipping),
due te the hangingwall lead, laminatien ef the units
and the eutward advance ef successive imbricates of
the allechtheneus wedges (Fig. 3a). The Gerringe—
Herseshee fault marks alse a change ef dip in the
basal surface of the AUGC, that passes te verge
frem ececanward te landward, and induced a change
in the mede of emplacement frem gravitatienal te

Tar

Tasyo-15
S.P. 70|00 i GSIOO i |66|00 i 64l00

Tanps-a
8200 bl}lﬂd i SSIOO : 56|00 i 5400

Gorringe-Horseshoe Fault

Fig. 8. Segment of MCS line Tasyo-12. Note the Gorringe—Horseshoe fault, which marks a change in the basement dip. Arrows denote the
offset prosuced by the fault. See Fig. 1 for location and Fig. 4 for seismic units explanation.



tectenic (Fig. 3). Previeusly slid allechtheneus
wedges of the slepe were reactivated and transperted
seaward as illustrated by seme subfrents: (between
F-A, and F-A in Figs. 2 and 3). The change ef the
basement dip is alse ebserved in Fig. 3b, clese te SP
80, where a fault of similar characteristics has been
identified (F-C; in Figs. 2 and 3).

The Ceral Patch Ridge censtrained the seaward
migratien ef the allechtheneus wedges and induced
the divergence eof the migratien frent, which
becemes split inte twe lebes, ene nerth—westward
and anether seuth—westward (Fig. 2). The external
frent (F—B) ef the AUGC pinches eut near the tep
of the Ceral Patch Ridge, where it is sealed by enly
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Fig. 9. MCS line Tasyo-3 (a) and line drawing (b) at the Coral Patch Ridge. Biscussion in the text. Black box on the MCS line outlines a detniled
section (c). See Fig. 1 for location and Fig. 4 for seismic units explanation.



200 ms TWT ef Pliecene—Quaternary sediments
(Fig. 9).

Genzilez et al. (1996) prepesed frem the interpre-
tatien eof the [IAM-3 wide-angle seismic reflection
prefile (Fig. 1), a medel for the crustal structure ef
this demain that shews a pregressive thinning ef the
crust frem abeut 30 km clese te San Vicente Cape te
15 km (11 km belew sea bettem) at 80—100 km frem
the ceast. @n the distal margin this thickness is
maintained seuth—westward, clese te the Gerringe—
Herseshee fault. In a NE—SW directien, crustal thick-
ness changes frem 22 te 14 km (Fig. 2).

5.3. The oceanic domain: the abyssal plains and the

Coral Patch Ridge

This regien is characterized by active thrust tec-
tenics (Figs. 10 and 11). A slepe of 600—700 m marks
a change frem the distal margin te the flat Herseshee
Abyssal Plain lecated at 4800 m depth (Fig. 10). The
basin plain is beunded by twe NE—SW majer reliefs:
the Gerringe Bank and the Ceral Patch Seameunt
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(Fig. 2). The Gerringe Bank is flanked by nerthwest
and seutheast-verging thrust faults (Ryan and Hsii,
1973; Mauffret et al., 1989; Le Gall et al., 1997,
Galinde-Zaldivar et al., 2003). Seuth ef the Ceral Patch
Seameunt, the Seine Abyssal Plain at 4300—-4400 m
depth is shallewer than the Herseshee Abyssal Plain.

5.3.1. The Horseshoe Abyssal Plain

The depesitienal sequence in the Herseshee Abys-
sal Plain is characterized by upper Jurassic te Miecene
sediments (U1, U2 and U3) everlain by an allechth-
eneus wedge (U4) of 400—500 ms (TWT) thick, that
thins pregressively until it disappears at abeut
11°50/ W—-12°W. In the basin plain, a nerthwest-
ward-verging thrust system trending NNE-SSW is
ebserved (Figs. 2, 3a, 10 and 11). These thrust faults
can be delineated by internal crustal reflecters that
extend inte the eceanic basement, feld the sedimen-
tary cever and develep scafleer clevatiens (Figs. 10
and 11). In general, these thrust faults have a small
herizental cempenent, and censequently the crustal
shertening accemmedated by each fault is miner. The
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Fig. 10. Western segment of MCS line Tasyo-12 and line drawing showing the thrust belt of the Horseshoe Abyssal Plain. Betails of
interpretation in text. See Fig. 1 for location and Fig. 4 for seismic units explanation.
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Fig. 11. MCS line Tasyo-15 and line drawing showing the thrust fault that marks the eastern boundary of the Horseshoe Abyssal Plain.
Associated recent slides are observed. This thrust fault has also been cut southwards by line Tasyo 12 (Fig. 10, S.P. 7900). Details of
interpretation in text. See Fig. 1 for location and Fig. 4 for seismic units explanation.

main vertical effset of the basement is ebserved at the
castern beundary ef the plain, where a thrust fault
eriginates a prementery that rises 600 m ever the sea
fleer (Fig. 11). The geemetry of the structures shews
high-middle angle in the sediments and tends te
flatten te lew angles in the basement. It is netewerthy
that the thrust faults seem te be reeted at the base of
the crust (11.5 s TWT), as it can be ebserved in the

seismic prefiles frem the IAM Preject (MCS line
[AM-3, Fig. 1), that registered 14 s TWT (Genzalez
et al., 1996; Tertella et al., 1997). In fact, the Mehe
discentinuity has been identified by Sarteri et al.
(1994) at abeut 11 s (TWT) near the basin plain.
Shertening is expressed in the sedimentary cever
as symmetric felds. These are thrust-related felds and
shew large amplitude and middle-leng wavelength



(12-30 km). The thrust faults alse faveured the
westward transpert of small allechtheneus sheets, that
pregressively beceme mere layered and less chaetic in
character (Fig. 10). In this sense, each thrust acceunts
fer a small prepertien ef the centinueus and slew
shertening ef the eceanic crust and at the same time
faveured the basinward transpert ef the allechtheneus
materials, which enly cemprise part ef the Miecene
depesits. The seafleer clevatiens develeped by the
crest of the felds indicate, hewever, recent tectenic
activity (Fig. 10, S.P. 7800—8100).

The thrust belt extends westwards under the Herse-
shee Abyssal Plain, where these structures are blind
(Fig. 12). The Miecene—@uaternary unit (U5) buried
the thrust relief, altheugh its base can be eften
disrupted by nermal faults that accemmedate part of
the defermatien.

5.3.2. The Seine Abyssal Plain and the Coral Patch
Ridge

During the Tasye survey, enly the eastern prelen-
gatien of the Ceral Patch Seameunt was surveyed: the
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Fig. 12. MCS line Tasyo-13 and line drawing showing a blind basement thrust at the Horseshoe Abyssal Plain. Betails of interpretation in text.

See Fig. 1 for location and Fig. 4 for seismic units explanation.



Ceral Patch Ridge (CPR in Fig. 2), lecated en the
seutheastern ecdge of the Herseshee Abyssal Plain.
This elengated ridge is beunded te the NW by
nerthwestward-verging thrust faults trending ENE—
WSW, recently active, that give rise te a step-like
merphelegy ef the sea-fleer (RIFAN®, IAM and AR-
92 lines, Sarteri et al., 1994; Tertella et al., 1997;
Hayward et al., 1999), that pregressively rises te 3200
m depth at the tep of the Ceral Patch Ridge. The
direction of the ridge and the faults is slightly eblique
te the NE—SW thrust faults of the Herseshee Abyssal
Plain (Fig. 2). In this area, DSDP Site 135 (Hayes et
al., 1972) drilled the upper part of an upper Jurassic—
Aptian unit (Ul, marls and limestenes) belew an
Aptian—lewer Eecene unit (U2), that recerds at the
tep a change frem terrigeneus te pelagic sedimenta-
tien cerrespending te the Miecene— Quaternary
depesits (U3).

Seme differences must be peinted eut related te
thrust fault architecture and geemetry in the seuthern
Ceral Patch Ridge and nerthern Seine Abyssal Plain.
The thrust faults appear te be centrelled by pre-

existing basement extensienal faults. Examples eof this
tectenic inversien are displayed in Fig. 9 (S.P. 1795)
and Figs. 13 and 14b (S.P. 6496-6596), where
reactivatien ef pre-existing extensienal faults, that
have beceme thrust faults can be ebserved, verging
te the WSW en seismic prefiles. The system has
undergene partial inversien, and nermally, the pre-
existing extensienal architecture is net ebliterated,
even theugh they may have lecally sea fleer expres-
sien (Fig. 9, S.P. 2095). @nly in ene case, the
basement is clearly displaced abeut 200 ms (Figs.
13 and 14b, S.P. 6496—-6596). These faults are spaced
abeut 15-20 km apart, prepagate inte the upper units
and beceme steeper and cenvex upwards, shewing the
develepment eof shertcuts. The sedimentary cever has
alse undergene shertening and ferms anticlinal and
synclinal feld structures, which adapt te the basement
merphelegy. It is difficult te determine the direction
of these faults as enly twe prefiles cress the area, but
taking inte acceunt the stress directien during the
Miecene, as well as the bathymetric trend, they ceuld
be censidered as nearly NNE—SSW structures.
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Fig. 13. Western segment of MCS line Tasyo-1 and line drawing. Details of interpretation in text. B: Biapirs. The black boxes on the MCS line
outline detailed segments depicted in Fig. 14. See Fig. 1 for location and Fig. 4 for seismic units explanation.



WSW
S.P. 7400 7200 7000 6796

g et =
g—.r-i-i'-".'i:
R

SP. GAOE 6396 6196

s ﬁ-i;’_‘__,_wﬂ"“'

Fig. 14. Two details of MCS line Tasyo-1 shown in Fig. 13. Arrows mark a small basement offset. See Fig. 13 for location.



®n the western end of line Tasye-3, S.P. 9001300
(Fig. 9), it is interesting te netice the eccurrence of
faults, verging te the ENE in the seismic prefiles and
asymmetrical felds affecting the sedimentary cever.
On line Tasye-3 (Fig. 9, S.P. 900—-1000), enc of these
faults preduces a vertical eoffset of 200 ms (TWT) in
the sedimentary cever and eventually reaches the sea
fleer, which appears elevated 150300 m. It has been
interpreted as a strike-slip fault trending WNW —ESE,
censidering the scaip depicted by multibeam data.
Nevertheless, mere seismic prefiles weuld be neces-
sary te characterize and map these faults.

Piercement structures that deferm the sedimentary
cever, and that may have a diapiric erigin are eb-
served in the western end of line Tasye-1 (Fig. 13). In
this respect, the diapirism is widely spread in the
Mereccan margin and especially clese te this area,
where it has been related te an early rifting phase
(Pautet ct al., 1970). The Jurassic—lewer Cretacceus
unit is thicker and a Triassic evaperitic sequence may
net be excluded.

Wide-angle seismic reflectien prefiles in the Seine
and Herseshee Abyssal Plains shew typical eceanic
Mehe depths ef abeut 11 km belew sea level with lew
upper mantle velecities of 7.3—7.6 km/s (Purdy,
1975). The centinent—ecean beundary has been de-
fined frem magnetic anemalies and seismic data by
Reeser et al. (2002) near the beginning ef line Tasye-1
(Figs. 1 and 3b).

6. Evolutionary steps and tectonic interpretation

The present structure of the AUGC in the Gulf of
Cadiz seems te be develeped under a NW-SE cem-
pressive regime by a three step evelutienary sequence
that initiated in the middle Miecene (Figs. 2 and 3).
This hypethesis is supperted by three successive
precesses that have been repeated at each step: thrust-
ing, gravitatienal sliding and/er tectenic transpert, and
subsequent extensienal cellapse at the back ef the
advancing sheets, which in tum facilitates everthrust-
ing. Each step is well represented in each of the three
demains, within which the mechanism ef emplace-
ment of the AUGC changes frem gravitatienal in the
Offshere Betic—Rifean Demain te gravitatienal and
tectenic in the Frental Slepe ef the allechtheneus
wedge, evelving te tectenic in the basin plains (@ce-

anic Demain). As the cempressive regime pregresses,
the defermatien extends westwards frem the @ffshere
Betic—Rifean Demain te the eceanic basin plains. In
spite of this basinward migratien, defermatien cen-
tinues in the eastern areas of the Gulf of Cadiz, where
extensienal cellapse reaches the sea fleer. During
these precesses, net enly different types ef crust but
deeper crustal layers were pregressively invelved.

6.1. Thrusting and extensional collapse of the
allochthonous wedges in the offshore Betic—Rifean
domain

The first evelutienary step is recerded in the
@ffshere Betic—Rifean Demain (Figs. 2 and 3). The
allechtheneus units were transperted seaward the
Subbetic Frent aleng the centinental slepe as a cen-
sequence of the emplacement of the external zenes
frem the middle Miecene te the Tertenian (Berastegui
et al., 1998; Maldenade ct al. 1999). These chaetic
masses were initially extruded by the everthrusting
external Subbetic zene. The evaperites and marls
acted as a detachment layer aleng a basal seaward-
dipping palceslepe that faveured the develepment eof
gravity driven precesses. As a censequence, the
allechtheneus units beceme pregressively imbricated
and advance seawards.

The large accemmedatien space of the Gulf ef
Cadiz and the paleeslepe facilitates the radial expul-
sien ef the allechtheneus masses, while in the cen-
fined Guadalquivir Basin, these units ferm a belt
restricted te the seuthern half ef the basin. The
distributien and extensien ef the allechtheneus units
is centrelled by the existent paleerelief. Besides, the
allechtheneus mass advance is restricted by seme
structural highs that bleck its mevement as fer exam-
ple the Guadalquivir Bank and the Pertimae basement
high (Figs. 2 and 6). The arcuate er curved shape of
the external frents is alse a censequence eof the
elistestreme advance interactien with ebstacles in
the basement (Fig. 2).

The diapirism is especially impertant nerth ef the
Subbetic Frent (Fig. 2). The enhanced diapirism was
prebably faveured by the everlead and everpressure
preduced by the Subbetic, including the allechtheneus
units, as they advanced ever a narrew basin, where the
Variscan basement eccupies an elevated pesitien and
censtitutes a rigid beundary. Alse remarkable is the



alignment ef a series of diapiric ridges and mud
velcanees aleng the Subbetic arcuate frent trace. This
fact cenfirms the relatien between the cempressienal
tectenics and these hydrecarben fluid venting struc-
tures, altheugh extensienal precesses have alse been
inveked (Diaz-del-Rie et al., 2003; Semeza et al.,
2003).

The advancing sheets gave rise te extensienal
cellapse and rell-ever structures en the back (Figs. 2
and 3a), which develeped ceeval with the thrusting of
the successive imbricates (Maestre et al., 2003). The
eccurrence of evaperites facilitated the cellapse. Sim-
ilar structures have been described en the Prerifaine
nappes at the Rharb Basin (Fig. 2) in Merecce (Flinch
and Vail, 1998; Service Géelegique du Marec, 1985).
The extensienal cellapse ef the Late Messinian and
the Pliecene, has been related te the highest rates of
basin subsidence (Maldenade et al., 1999). The basin-
ward migratien ef the allechtheneus masses facilitates
the develepment of landward dipping nermal faults,
which ceincide with the previeusly thrusted Subbetic
and Flysch frents. This precess eriginated the Cadiz
Basin (Fig. 3b).

6.2. Gravity and tectonic transport in the fiontal slope
of the allochthonous wedge

The secend step is represented in the Frental Slepe
of the allechtheneus wedge and it is marked by the
develepment of the Gerringe—Herseshee fault and the
change in dip ef the AUGC basal surface and the
basement, which indicates tectenic transpert faveured
by the centinueus NW-SE cempressive regime.
Gutscher et al. (2002) alse interpreted that this type
of defermatien is tectenically driven in this demain by
west vergent thrusts reeted in an east-dipping decelle-
ment, but lecated abeve the aceustic basement.

Fault activity determines the gravity and tectenic
transpert of new sheets against the slepe that previ-
eusly slid (Fig. 3). Thus, gravitatienal and tectenic
mechanisms ef emplacement are superpesed. @nce
mere the westward advancing allechtheneus sheets
facilitate the extensienal cellapse en the back ef the
advancing wedges and faveur chaetic mass transpert.
In this centext, vertical uplift of the Albufeira base-
ment high, related te reverse faults active at present
(Zitellini et al., 2004) weuld alse ease slepe failures at
its base.

6.3. Thrusting in the oceanic domain

The defermatien migrates during the final step te
the basin plains, where thrast tectenics prevails. The
transpert and reactivatien ef allechtheneus sheets
(@ceanic Demain) is linked te thrust develepment,
where basement in invelved. Each thrust carries the
allechtheneus masses ever and at the same time,
increments the dip ef the imbricates at the back ef
the thrust (Figs. 3a and 10, S.P. 7800). Additienal
sheets are triggered, mercever, aleng the slepes pre-
vieusly created by the tectenic uplift.

Thrusts that sele eut in the basement and beceme
listric at the Herseshee Abyssal Plain have alse been
reperted by Gracia et al. (2003b) and Zitellini et al.
(2001, 2004). Accerding te Zitellini et al. (2004),
mevement aleng the thrust fault that beunds the
eastern limit of the Herseshee Abyssal Plain (termed
Herseshee fault by this authers) (Fig. 2) pest-dates the
emplacement ef the allechtheneus bedy and it is
active at present.

Widespread seismic activity has been reperted in
the Gulf of Cadiz and swreunding areas, where the
fecal mechanisms shew reverse faulting with a strike-
slip cempenent and herizental NNW —SSE cempres-
sien (Bufern et al., 1995; Negrede et al., 2003).
Nevertheless, the analysis ef earthquake distributien
(Vazquez and Vegas, 2000; Gracia et al., 2003a;
Zitellini et al., 2004) indicates that altheugh the
scattered character of the seismicity pattern, shallew
te intermediate-depth earthquakes are specially cen-
centrated in the Guadalquivir Bank— Albufeira—Perti-
mae basement highs, in the eastern Herseshee Abyssal
Plain and clese te the Gerringe—Herseshee fault.

In the eastern Herseshee Abyssal Plain, seismicity
pattern is in agreement with the mest recent deferma-
tien ebserved en seismic lines, where thrust tectenics
seems te be subsequent te accretien ef the allechth-
eneus units at the Frental Slepe eof the allechtheneus
wedge. Thus, as seismicity indicates, the present
tectenic activity related te Africa—FEurasia cenver-
gence is lecated in the @ceanic Demain.

7. Concluding remarks

The present structure of the Gulf of Cadiz is a
result of beth the Eurepean—African plate cenver-



gence metien and the westwards migratien ef the
Betic—Rifean Arc. The emplacement ef the huge
allechtheneus wedges can alse be regarded as a result
of beth. The cempressienal regime has generated a
bread zenc ef defermatien, which is mainly expressed
by felds, thrusts faults and thrusts with a strike-slip
cempenent (Gerringe—Herseshee fault), that extend
acress the slepe and reach the basin plains, invelving
the centinental and eceanic basements.

The Gulf of Cadiz regien cemprises three demains,
aleng which tectenic activity migrates westwards,
characterized by its ewn seismic architecture, tecten-
ics and crustal structure, each ene representing an
evelutienary step. In this centext, the cempressive
defermatien ef the allechtheneus bedy and the base-
ment is accemmedated in a different manner.

The eastern demain (@ffshere Betic—Rifean De-
main) represents the seaward extensien ef the Betic—
Rifean frent, everthrusted ente the seuthern Iberian
and nerthermn African Mesezeic centinental margins.
This demain exhibits everthrusted allechtheneus
wedges that were develeped as a result of the emplace-
ment of the eregenic frent ente the preximal centinen-
tal margin. The allechtheneus units subsequently
cellapsed aleng extensienal detachments caused by
the seaward gravitatienal migratien ef nappes.

The central demain censtitutes the zene eof transi-
tien te the eceanic basins, which centains the transi-
tien between the centinental and eceanic crust. Within
this central demain, the basement accemmedates the
late Miecene up te Present cempressive defermatien
by several thrusts and the Gerringe—Herseshee fault.
The allechtheneus wedges were emplaced in this
demain by a cembined mechanism ef mass gravity
sliding and cellapse aleng the slepe, and were later
tectenically reactivated.

The base of the lewer slepe is clese te the ecean—
centinent beundary as wide-angle seismic data sup-
perts (Purdy, 1975; Genzilez et al., 1996). This
beundary may act as an inhemegeneity that accem-
medates defermatien preduced by the slew cenver-
gence. Thus it is censistent that cempressive stresses
had been reselved threugh such a weak zene clese te
the Herseshee Abyssal Plain by majer thrust faults,
reeted at the base of the crust (Fig. 3a).

Finally, the westemmaest demain cerrespends te the
African eceanic crust. The generalized cempressive
regime affected the area in a distributed manner and

develeped numereus thrusts in the sedimentary cever
and eceanic basement. Seme thrust faults seem te take
up, hewever, a mere impertant ameunt ef defermatien
in the eastern Herseshee Abyssal Plain, and must be
respensible fer the main shecks in the regien. The
allechtheneus wedges represent the distal extensien of
this bedy ever the eceanic crust, with a mixed
allechtheneus—parautechtheneus character.

In summary, the allechtheneus wedges of the east-
emmest demain initially eriginated by the westward
migratien ef the Betic—Rifean eregenic belt ever the
Atlantic margins ef Iberia and Africa. Hewever, these
allechtheneus units were later reactivated and new
wedges were emplaced successively in the central and
western demain as a result of NE—SW late Miecene
cempressien, and in relatien te basement structures.
This evelutien may be explained as a censequence of
the slew Africa—Iberia cenvergence, which is accem-
medated threugheut an area that straddles the ill-
defmed Africa—FEurasia plate beundary.
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