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Abstract: The ESCI-Valencia Trough deep seismic reflection profile crosses the eastern margin of Iberia and can be divided
into three regions according to crustal structure. From NW to SE they are: a) the Ebro Basin, with a 33 km thick continental
crust which remained almost undeformed during the Cenozoic and is very reflective in its lower part; b) the Continental
Margin, made up of the Catalan-Valencian Domain and the Balearic Promontory with a thin (12 to 30 km thick) continental
crust which was. deformed during the Cenozoic, extensional structures predominating in the first domain and contractional
structures in the second; and c) the Algerian Basin, with a 9 km thick oceanic crust. The oldest Cenozoic structures registe-
red in the profile are contractional. During the Palacogene, these structures affected the NW part of the Catalan-Valencian
Domain and enabled this domain to be thrust over the Ebro Basin. During the Early and Middle Miocene, the extensional
structures of the Catalan-Valencian Domain were formed in association with crustal thinning. At the same time, the contrac-
tional structures of the Balearic Promontory developed, propagating from SE to NW. Finally, during the Late Miocene, ex-
tensional structures were produced in the southern part of the Balearic Promontory in association with the formation of the
oceanic crust. The displacement of the observed extensional faults is not sufficient to explain the crustal thinning. This im-
plies that, during the Cenozoic, either crustal volume decreased or there were important faults that cannot be observed. It is
suggested that a low angle fault of great displacement, that crosses the whole upper crust, may have existed prior to the
Middle and Upper Miocene sediments. The thinning of the lower crust would have been achieved by an array of shear zones.
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Resumen: De acuerdo con la estructura cortical, el perfil ESCI-Surco de Valéncia puede dividirse en tres regiones que de
NW a SE son: a) La Cuenca del Ebro con una corteza continental de 33 km de espesor, poco deformada durante el Cenozoi-
co y muy reflectiva en su parte inferior; b) El Margen Continental constituido por el Dominio Catalano-Valenciano y el Pro-
montorio Balear, y caracterizado por tener una corteza continental delgada (entre 12 y 30 km de espesor) y por estar afectado
por estructuras compresivas y extensionales cenozoicas; c) La Cuenca de Argelia con una corteza ocednica de 9 km. El lfmi-
te entre la Cuenca del Ebro y el Margen Continental es el cabalgamiento frontal de las Cordilleras Costero Catalanas. El li-
mite entre el Margen Continental y la Cuenca de Argelia es el escarpe Emile Baudot. El Dominio Catalano-Valenciano in-
cluye las Cordilleras Costero Catalanas y se extiende hasta el eje del Surco de Valéncia. Aunque cabalga sobre la Cuenca del
Ebro, su estructura es predominantemente extensional con fallas normales en la corteza superior y cizallas dictiles en la infe-
rior. El Promontorio Balear muestra una corteza relativamente delgada, con un méximo de 24 km, a pesar del sistema de ca-
balgamientos que lo afecta. Estas estructuras son dificilmente visibles en el perfil ESCI-Surco de Valéncia ya que no afectan
a los sedimentos reflectivos; su importancia no obstante se manifiesta por: a) La corteza superior de la mitad NW del pro-
montorio presenta tres protuberancias de probable origen compresivo; b) La mayorfa de reflexiones de la corteza superior
buzan hacia el SW sugiriendo una superposicién de unidades; c) El engrosamiento relativo y local de la corteza inferior. En
su mitad SE el Promontorio Balear estd afectado por estructuras extensionales. Las estructuras cenozoicas més antiguas re-
gistradas a lo largo del perfil ESCI-Surco de Valéncia son de tipo compresivo. Durante el Paledgeno determinaron que la
parte NW del Dominio Catalano-Valenciano cabalgase sobre la Cuenca del Ebro. Durante el Mioceno inferior y medio se
formaron las estructuras extensionales del Dominio Catalano-Valenciano asociadas al adelgazamiento cortical. Al mismo
tiempo se desarrollaron las estructuras compresivas del Promontorio Balear que se propagaron de SE hacia NW. Finalmente,
durante el Mioceno superior se produjeron las estructuras extensionales en la parte meridional del Promontorio Balear aso-
ciadas a la formacién de corteza oceénica de la Cuenca de Argelia. La extensién calculada a partir de las fallas extensionales
observadas no es suficiente para explicar el adelgazamiento cortical. Ello implica que durante el Cenozoico la corteza ha dis-
minuido de volumen o bien que existan fallas importantes no observadas. Se sugiere la posibilidad de que exista una falla de
bajo 4ngulo y gran desplazamiento, anterior a los sedimentos del Mioceno medio, que atraviese toda la corteza superior. El
adelgazamiento de la corteza inferior se realizarfa mediante un conjunto de zonas de cizalla.

Palabras clave: Sfsmica de reflexién profunda, Estructura cortical, Surco de Valéncia, Promontorio Balear.
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Figure 1.- Location of the ESCI-Valéncia Trough profile in the eastern margin of the Iberian Peninsula. The profile consists of an onshore section
across part of the Ebro Basin and the Catalan Coastal Ranges, and an offshore section across the Valgncia Trough, the Balearic Promontory and the
Algerian Basin. There is a 5 km gap between the onshore and offshore profiles that has not been sampled. 1, Neogene and Quaternary sediments. 2,
Palacogene sediments. 3, Mesozoic rocks. 4, Palagozoic rocks. 5, faults. 6, Bathymetry.

Deep reflection seismic profiles allow crustal geo-
metry to be studied as a whole. The ESCI-Valéncia
Trough profile is situated on the NE margin of the Ibe-
rian Peninsula, in continuity with the ECORS-Pyrenees
profile (Choukroune & ECORS Team, 1989). It has a
NW-SE orientation and cuts across different geological
regions, from the Ebro Basin in the NW to the Algerian
Basin in the SE (Fig. 1). The profile is 450 km long, 50
km being onshore and the rest offshore (Gallart et al.,
this vol.).

The profile was acquired in order to investigate the
crustal structure of the different structural domains in the
eastern margin of the Iberian Peninsula. This margin was
formed during the Cenozoic, between the converging
Africa and Europe continents. Comparison of domains
that have experienced different evolutions in the same re-
gion provides an opportunity to analyse structures that ha-
ve resulted from each of the successive tectonic events.

Rev. Soc. Geol. Espaiia, 8 (4), 1995

The aim of this paper is to provide an interpretation
of the crustal structure based on the ESCI-Valéncia
Trough profile integrating other geological and geophy-
sical data, and discuss the evolution of this region. Some
of the questions to be answered are: a) Is the lower crust
thin in the same proportion as the upper crust or not? b)
What mechanisms have produced the thinning? ¢) Is the
thinning of the crust the result of one or several tectonic
events? In this context it is important to set bounds on
the chronology of successive deformations in each of the
domains. The first question will be answered in a future
article because depth converted sections are needed whe-
reas in the present paper we use only time sections.

The ESCI-Valéncia Trough profile has provided a
continuous image along a section through the eastern
margin of the Iberian Peninsula. The quality of the data
and of the processing has allowed a good image to be ob-
tained throughout the whole profile (Gallart et al., this
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Figure 2.- Overall interpretation of the ESCI-Valéncia Trough profile, based on line drawings from stacked and migrated, land and marine, ESCI sections (see part of the data in Gallart ez al., this vol.). The oceanic
crust, lower continental crust, upper crustal basement and the sedimentary package are differentiated. The Catalan Coastal Ranges, El Camp Basin, the Catalan Marine Platform and Slope, and the Balearic Promontory
are considered to be parts of the continental margin of eastern Iberia. The positions of boreholes Castellé B35, Casablanca C3 (Lanaja, 1987) and the ESP 3 and 6 (Torné et al., 1992) are indicated. The positions of the
boreholes Senant-1 and Reus-1 are not shown because they are not located on the trace of the profile. The boxes in the surface part of the profile indicate figure positions.
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vol.), a stack and a migrated profile being available,
though the processing*has not managed to totally elimi-
nate multiple reflections of the sea bed. Reflectivity of
the crust is not uniform but varies both horizontally and
vertically. In the uppermost part, there is generally a
very reflective section that corresponds to Cenozoic se-
diments. Beneath this, the upper crust is not very reflec-
tive. Finally, reflectivity of the lower crust is variable but
strong. In this paper, it is considered that the Moho is lo-
cated at the lower limit of the reflective zone correspon-
ding to the lower crust (Fig. 2). Sometimes this limit is
not evident due to the weak reflectivity of the lower crust
or the existence of a certain mantle reflectivity, but, in
general, it is relatively clear and often coincides with
high amplitude reflections. The upper limit of the reflec-
tive lower crust is considered to correspond to the limit
between the lower and upper crust (Fig. 2).

Geological setting

The eastern margin of Iberia evolved by a succession
of tectonic events during the NNW-SSE convergence of
Africa and Europe in the Cenozoic (Srivastava er al.,
1990). From Late Cretaceous to Oligocene (80-28 Ma),
this area was deformed by a compressive regime which
initiated the inversion of several Mesozoic basins and
gave rise to the Pyrenees (Mufioz, 1992), the Iberian
Range (Guimer2 & Alvaro, 1990) and the Catalan Coas-

tal Ranges (Anadén et al., 1982). Subsequently, during
the Late Oligocene and Early Miocene (28-16 Ma), most
of the region underwent a WNW-ESE extension (Font-
boté, 1954; Roca & Guimerd, 1992; Bartrina et al.,
1992) associated to the rotation of Corsica and Sardinia
(Westphal et al., 1976), which initiated the formation of
the Valéncia Through. During this period, the southeas-
tern part of the region was subjected to a NW-SE com-
pression responsible for the formation of the Betic-Bale-
aric thrust belt (Fallot, 1922; Gelabert ef al., 1992). Fi-
nally, from the Early Miocene onwards, the internal are-
as of the Betic-Balearic Range were subjected to an ex-
tension forming the Algerian and Albordn basins (Galin-
do-Zaldivar et al., 1989; Garcia-Duefias et al., 1992; Co-
mas et al., 1992). This extension could be the result of
detachment of the lithospheric root of the range (Platt &
Vissers, 1989; Vissers et al. 1995). _

The ESCI-Valéncia Trough profile has been shoot
across a set of different domains that show different
crustal geometry at the present time. From NW to SE
they are as follows.

a) The Ebro Basin. This basin is situated in the inte-
rior of the Iberian Peninsula and is characterised by a
continental crust with uniform structure and normal
thickness (Banda et al., 1983). During the Cenozoic, this
domain was not deformed.

b) The Continental Margin. It includes the Catalan
Coastal Ranges, the Valéncia Trough and the Balearic
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Figure 3.- Migrated seismic profi-
le and interpretation of the thrust
contact zone between the Ebro Ba-

Paleozoic
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Lower-Middle Eocene Upper Eocene-Oligocene

sin and the Catalan Coastal Ran-
ges. See location in Fig. 2 and ex-
planation in the text.
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Promontory. It shows a thin .continental crust (Banda et
al., 1980; Dafiobeitia et al., 1992) due to the deformation
experienced during the Cenozoic (Fontboté et al., 1990;
Roca, 1992; Roca & Desegaulx, 1992; Torres et al.,
1993).

c¢) The Algerian Basin. It has a very thin and uniform
crust of probably oceanic character (Hinz, 1972).

Ebro Basin

The crustal thickness in the NW extremity of the ES-
CI-Valéncia Trough profile is about 32 km thick (Banda
et al., 1983). The profile presents well differentiated re-
flective patterns. In the most superficial part, continuous
reflections can be observed, which are subhorizontal and
of relatively high frequency and high energy and which
reach a depth of about 0.7-0.8 s of TWT (Fig. 3). Bene-
ath these reflections, the crust shows little reflectivity
until a layer between 5 and 11-s where the reflectivity
becomes high again and is made up of short, subhorizon-
tal reflections (Fig. 2). This reflective layer is attributed
to the lower crust (Gallart e al., this vol.) and its base,
the Moho, is horizontal and parallel to the reflections.

The Ebro Basin is the southern foreland basin of the
Pyrenees and is due to flexure of the lithosphere under
the weight of that chain (Brunet, 1986; Millan et al.,
1995), though the weight of the chains that limit the ba-
sin to the south could also have had some influence (Zoe-
temeijer et al., 1990). Cenozoic deformation in the Ebro
Basin is sparse, this deformation being concentrated in
the chains that surround the basin. The infilling sedi-
ments of the Ebro Basin range from Palaeocene to Midd-
le Miocene in age and were formed in continental and
marine environments (Riba ez al., 1983; Puigdefabregas
et al., 1992). The Senant-1 borehole, sitnated near the
trace of the ESCI-Valéncia Trough profile, passes through
1000 m of Upper Eocene-Oligocene, 400 m of Lower-
Middle Eocene and 200 m of Triassic, before entering
the Palaeozoic basement (Lanaja, 1987; cross-section J7
in Vergés, 1993). The superficial reflectivity is attributa-
ble to these sediments, especially Upper Eocene-Oligo-
cene that are made up of alternating mudstones, sandsto-
nes and limestones.

Continental margin

We consider that the continental margin extends from
the Ebro Basin and Catalan Coastal Ranges contact to
the steep continental slope that separates the Balearic
Promontory and the Algerian Basin (Emile Baudot
Scarp). Thus, the Continental Margin comprises the Ca-
talan-Valencian Domain - in the sense of Fontboté et al.,
(1990) including the Catalan Coastal Ranges, El Camp
Basin, the Catalan Marine Platform and Slope - and the
Balearic Promontory (Fig. 2).

The continental margin crust is thin and of non-uni-
form thickness. The crust thins progressively from the
Ebro Basin to the continental margin showing a step in
the Moho beneath the coast line. Towards the axis of the

Valéncia Through the crust thins to 13 km in some pla-
ces (Dafiobeitia et al., 1992). In the central part of the
Balearic Promontory, the crust is some 25 km thick be-
neath the island of Mallorca (Banda et al., 1980; Daifio-
beitia et al., 1992). In the SE part of the Balearic Pro-
montory, the crust is again thinner, and the contact with
the Algerian Basin is abrupt.

Four zones with different seismic character can be
distinguished vertically in the profile. The uppermost
part is very reflective and corresponds to Cenozoic sedi-
ments (Soler et al., 1983). The intermediate part is very
weakly reflective and is probably constituted by highly
deformed Cenozoic sediments, Mesozoic material, Palae-
ozoic basement and other crystalline rocks of the upper
crust. Beneath the intermediate part, there is a reflective
zone where reflectivity varies laterally which is attribu-
ted to the lower crust. Finally, the lowest part of the pro-
file is very weakly reflective and is attributed to the man-
tle. The thickness of the three crustal elements varies
across the continental margin.

We describe below the crustal structure of the margin
divided by areas from NW to SE. The areas are the Cata-
lan Coastal Ranges, El Camp Basin, Catalan Marine
Platform and Slope and the Balearic Promontory.

Catalan Coastal Ranges

The Catalan Coastal Ranges are made up of an eleva-
ted block devoid of reflective Cenozoic sediments (SE
part of Fig. 3). Basement is uplifted 2 km in relation to
the Ebro Basin. The upper crust of this zone has a greater
thickness than that of the Ebro Basin, extending from the
surface to 5 s of TWT. It is made up of Palaeozoic and
(?) older rocks deformed during the Variscan orogeny,
and a thin Mesozoic cover. The lower crust, similar to
that of the Ebro Basin, is highly reflective made up of
short horizontal reflections, and the Moho is situated at
about 11 s (Fig. 2). .

The ESCI-Valéncia Trough profile allows the contact
between the Ebro Basin and the Catalan Coastal Ranges
to be interpreted as a NW directed thrust (Fig. 3). This
thrust does not appear on the surface because it is cove-
red by Upper Eocene-Oligocene syntectonic sediments
(Anadén et al., 1986; Colombo & Vergés, 1992). As an
unit, the Catalan Coastal Ranges have originated in
transpression, generating at the same time folds, reverse
faults (Ashauer & Teichmiiller, 1935; Llopis-Lladé,
1947) and sinistral wrench faults (Anadén et al., 1985)
all of which are consistent with a N-S compression (Gui-
mera, 1984). The age of these structures increases north-
wards (Anadén er al., 1982) and it is Late Eocene to Oli-
gocene on the ESCI profile, as shown by the age of the
syntectonic sediments.

El Camp Basin

The El Camp Basin is a nearly symmetric graben,
bounded by normal faults. The fault with greatest displa-
cement is the boundary between the Catalan Coastal
Ranges and the El Camp Basin (Figs. 2 and 3). Reflecti-

Rev. Soc. Geol. Espaiia, 8 (4), 1995
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of the sediments which fill the El
Camp Basin is known from bore-
hole Reus-1 (Lanaja, 1987). The
projection of this borehole cannot
be made directly onto the ESCI
profile due to it being located in a
structural high. Thus, the projec-
tion is done through the correlation
with profiles RV-10 and RV-24
(Fig. 5). See location in Fig. 2 and
additional explanation in the text.

ve superficial sediments are well developed. The weakly
reflective upper crust is thinner than in the Ebro Basin
and extends from 1.5 to 5 s TWT. The boundary between
the weakly reflective upper crust and the reflective lower
crust shows a positive protrusion. The Moho is located at
about 10.5 s.

The El Camp Basin sedimentary infill exceeds 1.5 s
of TWT (Fig. 4). The Reus-1 borehole is situated in the
commercial RV-24 profile (Fig. 5) which cuts the ESCI
profile orthogonally. The great lateral continuity of so-
me of the reflective packages within the sedimentary re-
cord allows to correlate the two profiles. According to
Lanaja (1987), the Reus-1 is 2228 m deep (Fig. 5) and
passes through the Pliocene-Quaternary (300 m), Midd-
le and Upper Miocene (ca. 350 m), Upper Oligocene
and Lower Miocene (ca. 750 m), and Mesozoic (796 m).
After tying-in the borehole and the seismic profiles, it
can be observed that the Upper Oligocene and Lower
Miocene sedimentary package increases in thickness to-
wards the SE, reaching their maximum thickness in the
region adjacent to the fault which bounds the basin to
the SE, and are non-existent in the footwall of this fault.
The Upper Oligocene and Lower Miocene package,
thus, shows an apparent downlap to the NW (Fig. 4).
The geometry described above shows that most of the
movement of the SE fault took place during Late Oligo-
cene and Early Miocene. Nevertheless, the faults boun-
ding the basin were active during the whole Miocene.
Moreover, the NW fault has been active until recent ti-
mes (Masana, 1991; Masana & Guimera, 1992). In addi-
tion, fault in the RV-10 profile (Fig. 5) shows a partial
reversal before the Pliocene.

Rev. Soc. Geol. Espafia, 8 (4), 1995

Catalan Marine Platform and Slope

The Catalan Marine Platform and Slope consist of a
group of structural highs and basins. Consequently, the
superficial reflective sediments show great lateral varia-
tions in thickness (Fig. 2). The sedimentary thickness is
small near the coast, it increases SE in the marine plat-
form zone and decreases again at the foot of the slope.
The thickness of the upper and lower crustal levels de-
creases towards the centre of the Valéncia Trough whe-
re the upper crust is 4 - 6 s thick and the reflective Mo-
ho is reached at 8 s (Fig. 2) . Beneath the platform, clo-
sest to the coast, there is an abrupt variation in crustal
thickness, and the depth of the reflective Moho changes
from 10.5 s to slightly more than 8 s in only 15 km hori-
zontal distance.

The high reflectivity of the Cenozoic sediments and
the lateral continuity of the reflections allow the superfi-
cial structure of this region to be interpreted. A basement
high in the NW is related to a group of extensional faults
which displace the Middle and Upper Miocene sedi-
ments, and locally penetrate in the Pliocene-Quaternary
sediments (Fig. 2).

In the Tarragona Basin (Fig. 6), the boreholes Caste-
116 B5 and Casablanca C3 (Lanaja, 1987) penetrated the
Pliocene-Quaternary (ca. 2000 m), Middle and Upper
Miocene (ca. 600 m), Lower Miocene (ca. 200 m) and
the Mesozoic (ca. 300 m). The Pliocene-Quaternary se-
diments, beneath a very thin water layer, show well de-
veloped SE progradating clinoforms. The base of the
Pliocene-Quaternary is marked by a clear and extraordi-
narily irregular reflection which corresponds to the Mes-
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Figure 5.- Linking of the seismic profiles RV-24 and RV-10 and inter-
pretation. The Reus-1 borehole is located in RV-24 and RV-10 cuts the
ESCI profile perpendicularly. The correlation between the profiles RV
and ESCI profiles is facilitated by some groups of reflections with cha-
racteristic character. Especially notable is the packet of intense and
continuous reflections corresponding to the upper part of the Mesozoic
rocks at 2.3 and 2.5 s at the WSW end of profile RV-10. Due to the
Reus-1 borehole being situated on a structural high, the top of the Me-
sozoic is found at 1.2 s in the borehole, whereas at the crossover point
of the ESCI and RV profiles it is at 2 s.

sinian erosion surface. The Middle and Upper Miocene
package shows moderately inclined reflections which
also indicate progradation towards the SE. The Lower
Miocene sedimentary package shows great lateral varia-
tions in thickness but its internal reflections are parallel
and sub-horizontal. A group of undulating, disconti-
nuous reflections, parallel to the basement top probably
belong to the basal part of the Lower Miocene or to the
Upper Oligocene sediments (Clavell & Berastegui,
1991). The top of the basement is interpreted to corres-
pond with a strong reflection beneath the sedimentary
pile. The interpreted normal faults in the Tarragona Ba-
sin are mostly in the SE part of the basin and dipping
NW. The basin probably formed during or at the end of
the Late Oligocene because it is filled with horizontal
Lower Miocene sediments. However, most faults were
also active during Early Miocene and some of them
even during Middle and Late Miocene, especially those
in the NW end (Fig. 6).

SE of the Tarragona Basin is the Valéncia Trough
central part which is also affected by some normal faults

(Fig. 2). In the deepest area of the Valencia Trough
(CMP 24100) there is a volcanic cone (Fig. 7). In this re-
gion there is a water layer of 2 s depth (1500 m) and the
Messinian unconformity is easily recognisable. The vol-
canic edifice is 1 s thick, and shows a very reflective top
and internal reflections. The upper part of the cone is
made up of dipping layers facing the exterior and the we-
akly reflective base laterally interfingers with horizontal
and very reflective Upper Oligocene-Lower Miocene se-
diments. The cone is covered in onlap by the upper part
of Upper Oligocene-Lower Miocene sediments, and by
those of the Middle and Upper Miocene. All these rela-
tionships imply that the volcano was formed during the
first half of the Late Oligocene-Early Miocene. This vol-
canic edifice is part of a group of calcoalkaline volcano-
es developed in the Valéncia Trough before Middle Mio-
cene (Martf et al., 1992).

The basement of the Catalan Marine Platform and
Slope is partially made up of Mesozoic and Palaeozoic
rocks (Clavell & Berastegui, 1991; Roca, 1992). The
Mesozoic, even though it shows weak reflectivity, has
some characteristic pattern. The Castellé B5 and Casa-
blanca C3 boreholes (Lanaja 1987) and the ESP-6 (Tor-
né et al., 1992; Pascal et al., 1992) corroborate the exis-
tence of Mesozoic rocks in this region, but its thickness
is very variable and it can even be locally non-existent
(Clavell & Berastegui, 1991; Roca, 1992). In this work,
based on the ESP-6 results and the above mentioned re-
flective character, the Mesozoic rocks are interpreted to
be approximately 1 s thick.

The Jower crust shows important lateral variations in
reflectivity (Fig. 2). In the region closest to the coastline,
it has similar thickness to that of the Ebro Basin and is
reflective with horizontal reflections. Immediately to the
SE, the Moho shows an abrupt step, and the lower crust
horizontal reflections abut against the inclined surface of
the Moho (Figs. 2 and 8). In the zones where the lower
crust is thin and reflective there are horizontal and incli-
ned reflections (Fig. 8). We interpret the horizontal re-
flections to be the remains of those existing in the crustal
undeformed zone. The inclined reflections are grouped
into bands, most of them dipping NW, with the excep-
tion of the westernmost one which dips SE and extends
up to a point beneath the El Camp Basin. These bands
branch between them isolating losenge bodies with inner
horizontal reflections. As the inclined reflective bands do
not exist in the undeformed crustal zone, we interpret
them to be shear zones associated with Cenozoic defor-
mation. Using as a reference the boundary between the
lower and upper crust, it can be seen how the northwes-
ternmost shear zone which dips NW shows the geometry
of an extensional shear. Assuming this type of displace-
ment for the whole group of shear zones dipping NW,
the described pattern could explain the lower crustal
thinning. Following the same arguments, the shear zone
dipping SE can be interpreted to be a reverse shear zone
which could join with the Catalan Coastal Ranges frontal
thrust.
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Figure 6.- Migrated seismic profile
and interpretation of the Tarragona
Basin. Its stratigraphy is known
from the various commercial bore-
holes such as Castell6 BS and Casa-
blanca C3 (Lanaja, 1987). Note the
deep Messinian erosion in the NW
half. See Fig. 7 for legend, location
in Fig. 2 and additional explanation
in the text.

Balearic Promontory

The Balearic Promontory extends from the volcanic
cone in the central Valgncia Trough to the Emile Baudot
Scarp, and comprises the Valéncia Trough SE flank and
the platform where the Balearic islands rest (Fig. 2). The
thickness of reflective, Cenozoic sediments is moderate,
reaching a maximum in the central Valencia Trough, and
a minimum in the platform where the islands occur. The
upper crustal basement thickness of the southern Balea-
ric Promontory is similar to the one in the Ebro Basin,
whereas the thickness in the northern part of the promon-
tory is thinner. The lower crust is thin and shows a local
thickening in the central part of the promontory. The re-
flective Moho is located between 7.5 and 9 s.

In the northern Balearic Promontory three basement
highs stand out (the southernmost one makes up the Ba-
learic islands platform). These three highs have some
common characteristics (Figs. 2, 9, 10 and 11): (a) The
highs are covered by Pliocene-Quaternary sediments,
which cause the highs to have little or none topographic
expression. (b) The highs are asymmetrical; their NW
slope is abrupt whereas their SE slope is gentle. (c) In
the upper part of the basement there are some short re-
flections that dip SE. (d) The Middle-Upper Miocene
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and Pliocene-Quaternary sedimentary wedges in their
NW slopes show similar geometry. The lower layers are
parallel to the slope of the basement high, or they show a
gentle onlap, and at the foot of the high these layers are
folded in a wide syncline (Fig. 10). This package of la-
yers is itself covered by younger sediments in onlap. Fi-
nally, the deformed lower layers are erosionally trunca-
ted and unconformably covered by an upper group (Plio-
cene-Quaternary sediments in Fig. 10).

These common geometries in the three highs suggest
that they have had the same origin. The described geo-
metry is very different from that of the volcanic edifice
described above. Therefore, contrary to what Gallart et
al. (this vol.) have suggested, we consider that these
highs are not volcanic edifices and ought to be related to
faults. The highs could be fault propagation folds asso-
ciated to SE dipping thrusts. We consider that these ba-
sement highs have developed after the sedimentation of
the deformed Cenozoic layers and before the sedimenta-
tion of the onlapping and unconformable layers. Correla-
tion of the reflections (especially the one corresponding
to the base of the Pliocene-Quaternary) indicates that the
final emplacement of the three basement highs did not
occur simultaneously. The deformation propagated to the
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Figure 7.- Migrated seismic profile and interpretation of the volcanic
edifice in the central Valéncia Trough in an area with a 1500 m water
layer. The age of the sediments that interfinger with the base of the vol-
cano and the age of the sediments that onlap it prove that the volcano
was formed during the first half of the Late Oligocene-Early Miocene.
See location in Fig. 2 and additional explanation in the text.
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NW, deduced from the fact that the SE high and the cen-
tral one rose mainly during the second half of the Middle
and Late Miocene whereas the NW high rose during the
first part of the Pliocene-Quaternary.

The Balearic Promontory southern part is characteri-
sed by (Fig. 12): (a) The existence of three minor sub-
basins with Middle Miocene to Quaternary sediments
below a water layer of 0.5 or 1 s (375 or 750 m). (b) The
Cenozoic sediments and also the seabed show gently an-
tiforms located between basins. (c) At the platform mar-
gin, the Pliocene-Quaternary sediments show SE progra-
dating clinoforms. (d) The base of Pliocene-Quaternary
package produces a reflection of great intensity and late-
ral continuity. (e) Both the Pliocene-Quaternary and the
Middle and Upper Miocene sediments thicken in the
sub-basins centre. Thickness variations are bigger in
Middle and Upper Miocene sediments. (f) Normal faults
with small displacement deforming the Middle and Late
Miocene sediments dip either NW or SE. Taking all of
these features into account, it can be deduced that, from
the Middle Miocene to present times, the. region has been
subjected to an extensional tectonic regime, with the gre-
atest activity during the Middle and Late Miocene.

As can be seen on the islands, the Balearic Promon-
tory basement is partially made up of Palaeozoic (Bou-
rrouilh, 1983) and Mesozoic rocks (Fallot, 1922; Bou-
rrouilh, 1983; Gelabert et al., 1992) and sediments from
the Palacogene to Middle Miocene (Ramos-Guerrero et
al., 1989). These materials were deformed in a thrust and
fold system during Late Oligocene-Early Miocene (Fa-
llot, 1922; Darder, 1925; Rangheard, 1972; Bourrouilh,
1983; Sabat ef al., 1988; Gelabert er al., 1992). The base-
ment reflectivity is generally weak but locally, especially
in the central part of the Promontory where the crust is
thickest, reflections of certain intensity can be noticed.

The base of the Mesozoic is interpreted from the
ESP-3 results (Torné et al., 1992; Pascal et al., 1992)

NwW SE
LAND PROFILE MARINE PROFILE
0 00 ) _ 35?84 24100 0
2
2
4
4

6 Figure 8.- Crustal interpretation of
6 the Ebro Basin and the Catalan-
Valencian Domain. The lower
8 8 (Moho) and upper boundaries of
the reflective lower crust are indi-
10 10 cated, as are the deformation struc-
tures that affect the crust: fauits in
........... 12 the upper crust and shear zones in
12 the lower crust. The base of the
™T TwT  Mesozoic is interpreted from the
er crust arrangement of reflections and
Shear zone Up P from information supplied by bore-
. . les Reus-1, Casteli6 B5 and Ca-
Cenozoic sediments Lower crust holes Reus-1, Castell6 BS and Ca

‘: Mesozoic cover
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sablanca C3 (Lanaja, 1987) and the
ESP-6 (Torné et al., 1992). Addi-
tional explanation in the text.
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Figure 9.- Migrated seismic profile of the northern Balearic Promon-
tory basement high. In the seismograph corresponding to CMP 23800,
the seabed is found at 2.2 s TWT, the base of the Pliocene-Quaternary
at 2.7 s and the base of the sediments at 3 s, whereas the reflection at
4.4 s corresponds to a multiple of the seabed. In the seismograph co-
rresponding to CMP 24000, the seabed is found at 2 s, the base of the
Pliocene-Quaternary at 3 s and the base of the sediments at 3.5 s. On
the NW slope of the high, it is noticeable how the reflections at 2.7 s
corresponding to the Pliocene are folded and erosionaly truncated. See
location in Fig. 2.

and from the reflections (Figs. 2 and 13). It has been in-
terpreted as a tectonic contact based on field data in Ma-
llorca that indicate the existence of a basal thrust for the
Oligocene and Miocene thrust system at the Palacozoic-
Mesozoic boundary (Fallot, 1992; Sabat et al., 1988; Ge-
labert et al., 1992). Some of these thrusts have been sub-
SE

13300 SEC

TWT
SEC 13500

13300 NW-SE
|

1

‘ | Pliocene-Quaternary
Middle-Upper Miocene
Upper crustal basement

Figure 10.- Migrated seismic profile and interpretation of the Balearic
Promontory basement second high. The geometry of the Middle and
Upper Miocene sediments shows that the emplacement of this high is
synchronous with its deposition. See location in Fig. 2 and additional
explanation in the text.
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Figure 11.- Migrated seismic profile of the NW slope of the southern
Balearic Promontory basement high. In the seismograph corresponding
to CMP 13000 the seabed is found at 1 s TWT, the base of the Plioce-
ne-Quaternary at 1.3 s and the base of the sediments at 1.8 s. Around
the CMP 12900 the erosional truncation of the Middle and Upper Mio-
cene sediments can be observed. See situation in Fig. 2.

sequently reactivated as normal faults (Roca, 1992; Ge-
labert et al., 1992) which suggests that the detachment
was also reactivated as an extensional detachment during
Middle Miocene to Quaternary times.

The lower crust shows a laterally variable reflecti-
vity and its thickness (2-3 s) is smaller than the one in
the Ebro Basin; however, a local thickening is present in
the central Balearic Promontory (Fig. 13). Inclined re-
flections can only be seen in the zone where the lower
crust is thickest and most reflective. The bands dip NW
and, in accordance with the displacement of the boun-
dary between the lower and upper crust, they could be
interpreted as reverse shear zones. The local crustal
thickening could be due to the functioning of these re-
verse shears.

Algerian Basin

This oceanic basin is located between the Balearic
Promontory and the North African shelf. The limit bet-
ween the promontory and the Algerian Basin is very
abrupt-and coincides with the submarine Emile Baudot
Scarp (Fig..2). The profile shows various reflective pat-
terns. Below a water layer of nearly 4 s (3000 m) there is
an upper, very reflective sedimentary package, 1 s thick.
Underneath these sediments, the rest of the crust is we-
akly reflective. There are a few short, but relatively in-
tense, reflections situated at 7 s which have been inter-
preted to correspond to the Moho. Seismic refraction da-
ta (Hinz, 1972;1973) suggest that it is an oceanic crust 9
km thick.

The lack of drilling in the basin prevents us from kno-
wing the age and characteristics of the sedimentary fill
and, therefore, the age of the basin. The stratigraphy that
we use is based on correlation with known areas nearby
(Mauffret et al., 1973; Sans & Sabat, 1993). The visible
sedimentary fill thickness increases slightly towards the
SE (Fig. 2). The seabed is subhorizontal but shows small
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Figure 12.- Migrated seismic profile and interpretation of the southern Balearic Promontory. Beneath the CMP 2000 the seabed occurs at 1 s TWT,
the base of the Pliocene-Quaternary at 1.25 s and the base of the sediments at 1.7 s, whereas the reflections at 2.3 and 2.55 s are multiples. See loca-
tion in Fig. 2 and additional explanation in the text.
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Figure 13.- Crustal interpretation of the central and southern Balearic Promontory. The base of the Mesozoic is interpreted from stratigraphical columns
measured in the Balearic islands, the ESP-3 (Tomé ez al., 1992) and the reflective pattern. Additional explanation in Fig. 8 caption and in the text.
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Figure 14.- Migrated seismic profile and interpretation of a segment of
the Algerian Basin. The seabed is found at about 3,5 s, the base of the
Pliocene-Quaternary at about 4 s and the base of the salt at 4.5 s. The
seismic image shows a great number of lateral reflections, due to the
presence of diapirs. That is to say, that the profile is not perpendicular
to a cylindrical structure. See location in Fig. 2 and additional text ex-
planation.

steps that could correspond to present-day normal faults
of very little displacement which may contribute to lar-
ger subsidence in the SE extremity of the profile. The
basin contains a group of salt diapirs and associated nor-
mal faults (Figs. 2 and 14). The diapirs have been for-
med by movement of probably Messinian salt (Hsu,
1978), they started to form in the Late Messinian and
developed till very recent, even locally affecting the se-
abed (Fig. 14). The Pliocene-Quaternary sediments
show internal unconformities related to the final empla-
cement of the diapirs, which is more recent towards the
NW.

There are very few deep reflections because the salt
diapirs absorb nearly all of the energy. There are probably
Cenozoic sediments older than Messinian salt, located be-
neath it, but there are no reflections either from these sedi-
ments or from their basement. The crust thickness (inclu-
ding the sediments) is only 3.5 s and the oceanic accretion
in the profile section would be pre-Messinian.

The Emile Baudot Scarp represents the abrupt transit
between continental crust of the Balearic Promontory
and oceanic crust of the Algerian Basin. The contact bet-
ween these two different crusts can be interpreted as a
major fracture (or a group of fractures) which affected
and subdivided the continental crust prior to lateral ac-
cretion of the oceanic crust.

Summary of the chronology of the superficial struc-
tures

The oldest structure is the Palacogene thrust (43-28
Ma) which placed Palacozoic basement and deformed
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Mesozoic cover of the Catalan Coastal Ranges over the
Ebro Basin.

During the Late Oligocene-Early Miocene (28-15
Ma), the tectonic regimes in the Catalan-Valencian Do-
main and the Balearic Promontory were opposite. The
Catalan Coastal Ranges, the El Camp Basin and the Ca-
talan Marine Platform and Slope were being subjected to
extension, generating normal faults that compartmentali-
sed the domain into a group of horsts and grabens. This
extension produced subsidence and, in turn, allowed se-
dimentation to occur. In contrast with the Catalan-Valen-
cian Domain, Upper Oligocene- Lower Miocene sedi-
ments have not been recognised along the profile in the
Balearic Promontory. These sediments are present in the
Balearic islands but they are deformed by a thrust and
fold system and incorporated in the upper crustal base-
ment. During the first half of the Late Oligocene-Early
Miocene, volcanic edifices were generated, like the one
recognised in the central Valéncia Trough.

During the Middle and Late Miocene (15-5 Ma),
most of the normal faults of the Catalan-Valencian Do-
main were no longer active, except those located near the
Catalan Coastal Range. In the Balearic Promontory,
compression continued only in its northern part where
the three basement highs were formed coeval with the
formation of extensional basins in the southern part of
the promontory. At the same time the extensional Alge-
rian Basin was being formed. Because Messinian salt is
the oldest known deposit in the Algerian Basin, the ocea-
nic crust was formed prior to the Messinian.

During the Pliocene-Quaternary (5 Ma to present),
diapirs developed in the Algerian Basin with small nor-
mal faults deforming the overlying sediments.

Discussion

The interpretation of the ESCI-Valéncia Trough pro-
file is summarised in Fig. 15. In this figure one can cle-
arly recognise three sections with different structure. (1)
The Ebro Basin, located in the NW extremity of the pro-
file, with a continental crust of uniform thickness that re-
mained undeformed during the Cenozoic. (2) The Conti-
nental Margin, which occupies most of the profile and is
made up of continental crust thinner than in the Ebro Ba-
sin and deformed during the Cenozoic. (3) The Algerian
Basin, located in the SE part of the profile, made up of a
very thin crust of probably oceanic character that origi-
nated during the Cenozoic.

In the region with continental crust, the positions of
the Moho, the boundary between lower and upper crust,
the Mesozoic rocks, and the different stratigraphic units
of Cenozoic sediments have been indicated. There are no
data to prove the nature of two of the basement highs lo-
cated in the northern part of the Balearic Promontory. In
the region of probable oceanic crust, the position of the
Moho have been interpreted and a possible location for
the base of the Cenozoic sediments have been suggested.

The lower crust of the continental margin, the region
deformed during the Cenozoic, is in general less reflecti-
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ve and much thinner than the lower crust of the Ebro Ba-
sin. Therefore, it seems obvious that reflectivity is not
associated with extension and formation of the Valéncia
Trough. On the contrary, the reflectivity is prior to the
extension (Watts et al., 1990) and its weaker intensity in
the deformed crust has to be associated with extension
and coeval thinning; otherwise, it could be due to a seis-
mic artefact.

Although part of the Balearic Promontory upper crus-
tal basement has a thickness similar to that of the Ebro
Basin, in general, the upper crust contributes as much as
the lower crust to total thinning in the region of defor-
med continental crust (Fig. 15). The determination of
precisely how much each of the crustal levels thins is a
key aspect for discriminating different stretching models.
This entails working on a profile converted to depth,
which is an aspect that will be tackled in a future work.

If there is volume conservation during plane strain
deformation, thinning results from extension. As an al-
ternative to the volume conservation hypothesis, some
kind of interaction between the crust and the mantle
could be considered; for example, the detachment of a
crustal root or the digestion of part of the crust by ascen-
ding mantle. In the digestion process, crustal thinning
should occur essentially in the lower crust, and the rising
Moho would progressively cut the horizontal reflections
of the lower crust. This cutting relationship would be
most noticeable in the regions where crustal thickness
varies abruptly and where the Moho shows a step.

The ESCI-Valéncia Trough Profile shows some evi-
dence of a possible mantle front ascending through the
lower crust; for instance, the abrupt interruption of lower
crust horizontal reflections against the Moho step that is
located near the coast on the Catalan Marine Platform
(Figs. 2 and 8). On the other hand, there is no evidence
that the upper crust has suffered an important extension,
one that is consistent with the crustal thinning. Although
there is the possibility of some kind of interaction betwe-
en the crust and the mantle, and also signs that this type
of processes could have contributed to the evolution of
the Valéncia Trough, these possibilities will not be con-
sidered further in the present work. In the following dis-
cussion, we assume constant crustal volume during plane
strain deformation in order to use normal balancing rules
at crustal scale, and we examine the consequences that
follow from this assumption.

Extensional as much as contractional deformation has
contributed to the deformation of the eastern margin of
the Iberian Peninsula. As has been seen when dealing
with the chronology of superficial structures, extension
and contraction occur simultaneously in adjacent areas.
Most of the Catalan-Valencian Domain superficial struc-
tures. are extensional, whereas contractional structures
predominate in the Balearic Promontory. However, the
resulting thin crust all along the continental margin points
out that extension has been larger than compression.

Two different hypothesis are proposed, each from the
premise of volume conservation and plane strain, which
provide an idea of how the different structures may be

interrelated and enable us to discuss the overall structure
and its evolution.

Hypothesis A (Fig. 16)

We have suggested above that there are shear zones
in the lower crust. In the Catalan-Valencian Domain,
most of them are probably extensional and this could ex-
plain the thinning of the lower crust in this sector. In the
Valéncia Trough centre, the lower crust is weakly reflec-
tive and thinner, and the shear zones are not visible,
which, however, does not mean that they do not exist. In
the Balearic Promontory, where the lower crust is reflec-
tive, there are similar zones with the same disposition as
those of the Catalan-Valencian Domain. This suggests
that both shear zone groups could have been generated
by extension, even though those observed in the central
Balearic Promontory could have been subsequently in-
verted as thrust shears. In summary, the internal structure
of the lower crust is not always visible, and where it is
visible a system of shear zones can be detected. These
shears zones could explain the lower crust thinning as
most of them could be extensional. '

During the Palaeogene (43-28 Ma), the contact bet-
ween undeformed continental crust of the Ebro Basin
and the present thin, deformed continental crust would
probably have a moderate SE dip. It would have been lo-
cated in the Catalan Coastal Ranges frontal thrust and its
continuation to depth, and it would have joined with the
lower crust reverse shear zone (see also Fig. 8). During
the Neogene (from 28 Ma), the NW limit of thinning
would not have been so sharp and it would have been lo-
cated approximately beneath the NW boundary of the El
Camp Basin. Since the Late Miocene (10 Ma), the con-
tact between the Continental Margin thin crust and the
oceanic crust is abrupt and occurs at level of the Emile
Baudot Scarp. In effect, the Algerian Basin oceanic crust
is leaning against the Balearic Promontory continental
crust, and it cuts the basal thrust of the Oligocene-Mio-
cene Mallorcan thrust system which were active until the
Langhian (Ramos-Guerrero et al., 1989). Thus, the ocea-
nic crust was formed during the Middle Miocene and/or
Late Miocene, being later than Langhian (15 Ma) and
earlier than Messinian, age of the salt (6 Ma).

Due to the fact that the Balearic Promontory is struc-
tured in a thrust system and that Mesozoic rocks are pre-
sent in the foreland (Catalan-Valencian Domain) and in
the highest parts of the Promontory itself, the basement
highs in the north promontory region would have to be
made up of Mesozoic rocks. The Cabriel B2-A and Ibiza
Marino AN-1 drill-holes (Lanaja, 1987) suggest that this
deduction could be correct, since the holes penetrate Me-
sozoic material and are located in a position that could
be comparable to that of the basement highs, though res-
pectively 80 and 140 km further to the West of the ES-
CI-Valéncia Trough profile.

It is important to emphasise that the main structure of
the Balearic Promontory upper crustal basement being a
thrust system, and if that of the lower crust is a system of
extensional shear zones, the contact between the lower
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Figure 15.- Summary interpretation of the ESCI-Valeéncia Trough profile. The oceanic crust, lower continental crust, and upper continental crust are
differentiated, as well as Mesozoic rocks and different stratigraphical units of the Cenozoic sedimentary package. The observed upper crustal faults
and the lower crustal shear zones are also shown. The nature of two Balearic Promontory basement highs and the position of the top of the oceanic

crust are unknown.

and upper crusts should have acted as a detachment. In
addition, the normal faults of the Catalan-Valencian Do-
main should then branch in this detachment and transfer
their movement to the extensional shear zones in the lo-
wer crust.

The above considerations, together with the lateral
thickness variations at both crustal levels, suggest us to
consider the evolution of deformation in the eastern mar-
gin of the Iberian Peninsula as follows:

NW
CATALAN COASTAL

EBRO BASIN FANGES VALENCIA TROUGH

1) During the Palaecogene (43-28 Ma), the compressi-
ve deformation was simple shear, it affected both crustal
levels and it was restricted to very definite points, such
as the contact zone between the Ebro Basin and the Cata-
lan-Valencian Domain.

2) During the Late Oligocene and Early Miocene
(28-15 Ma), the upper crust of the Catalan-Valencian
Domain was extended by an array of normal faults while
the upper crust of the Balearic Promontory was shorte-
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Figure 16.- Hypothesis A. From this hypothesis it follows that the Balearic Promontory basement highs are made up of Mesozoic material. Additio-

nal explanation in the text.
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Figure 17.- Hypothesis B. The contact between the upper crust and the sediments in the Balearic Promontory basement highs is interpreted as low-an-
gle extensional fault that passes through the upper crust and cut-off the base of Mesozoic rocks at points A and B. Additional explanation in the text.
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ned by a system of thrusts and folds. At the same time,
- the lower crusts of both these domains were extended
by an array of rotating shear zones giving rise to an
overall pure shear like deformation. At the end of this
period, the upper crust of the Catalan-Valencian Do-
main would be thin whereas that of the Balearic Pro-
montory (at least the central part) would be relatively
thick, and the lower crust of both domains would be
uniformly thin.

3) During the Middle and Late Miocene, (15-5 Ma)
the Algerian Basin and its oceanic crust were formed
and, in relation to this, the southern part of the Balea-
ric Promontory upper crust was extended. The northern
part of the Balearic Promontory upper crust, however,
was shortened, generating the basement highs. In the
Catalan-Valencian Domain the extensional faults that
are closest to the coast were active. Some of the lower
crust extensional shear zones were inverted, initiating
thickening of the central part of the Balearic Promon-
tory lower crust. These local and late thickenings are
probably those that isostatically raised the islands (lif-
ting of the Upper Miocene reef platform of Llucmajor
in the southeastern part of Mallorca). At the end of this
period, the upper crust of the Catalan-Valencian Do-
main would be thin, the upper crust of the Balearic
Promontory (especially the central and southern parts)
would be similar to that of the Ebro Basin, and the lo-
wer crust of both domains would be thin but not uni-
formly so.

4) At least at the beginning of the Pliocene-Quater-
nary, regimes similar to those of the previous period
existed.

This hypothesis takes into account most of the geolo-
gical observations carried out on the surface as well as
those based on the ESCI-Valéncia Trough profile. Parti-
cular observations which stand out are the present-day
crustal structure, as well as the different associations and
ages of structures. This enables us to suggest how the
crustal structure developed during deformation. This
scheme emphasises the changing tectonic regimes in
both space and time. Thus, at a given moment, there can
be compression and extension in adjacent zones, and al-

so in superimposed zones, as in the proposed contempo-

raneous elongation of upper crust and shortening of lo-
wer crust in the Balearic Promontory.

Regardless of how well it fits the geological data, this
hypothesis has a serious difficulty because the resulting
geological cross-section is not balanced. The extension
produced by the visible upper crust faults is not suffi-
cient to explain the upper crustal thinning. It is also
much less than the extension due to shear zones, if this is
what produced the lower crustal thinning.

Hypothesis B (Fig. 17)

A solution to the previous problem could be to consi-
der that unobserved extensional structures have produced
large extensions in the upper crust. A probable reason for
the fact that these structures have not been observed is
that they may only affect the upper crust and may be ol-

der than the Cenozoic reflective sedimentary cover. In
the Valéncia Trough and Balearic Promontory there
could be hidden extensional faults with large displace-
ments in various locations. For instance, a system of ex-
tensional faults may have affected the Balearic Promon-
tory prior to compression, similar to faults in the Cata-
lan-Valencian Domain, and could have been obliterated
by later compressive structures. Another possibility is
that the contact between the basement highs in the nort-
hern part of the Balearic Promontory and the overlying
Middle and Upper Miocene sediments could have been a
major fault. This second possibility will be discussed
further, not because the first suggestion is considered to
be inadequate, but because the second possibility is more
distinct from hypothesis A

It is intended to interpret the contact between the up-
per crust and the sediments along the two northern highs
as an onlap on a low-angle extensional fault, of about 80
km displacement prior to the Middle Miocene. This fault
would have passed through and displaced the whole up-
per crust and would have linked up with the system of
lower crustal shear zones and with the Catalan-Valencian
Domain normal-fault system. According to this hypothe-
sis, the upper crust highs are located in the footwall of
the low-angle fault and are made up of basement mate-
rial. The fault would have displaced the Mesozoic
(points A and B in Fig. 17 would be equivalent), folding
the hangingwall into a rollover anticline of great extent
that occupies the whole Catalan-Valencian Domain. As
the fault would have affected deeper levels of the crust
toward the NW, the metamorphic grade of the rocks
which make up the basement highs should also increase
in that direction.

The low-angle extensional fault would have emerged
at the syndepositional surface as it would have existed
prior to the Middle Miocene and would have been cove-
red by sediments of that period. In any case, the fault
would be later than the Mesozoic as it would have folded
the materials of that period in the rollover anticline. The
low-angle extensional fault would probably have been
formed during the Late Oligocene (and Early Miocene),
which was the period of greatest activity for the Catalan-
Valencian Domain normal faults.

It is worth noticing that the volcanoes in the central
part of the Valéncia Trough, such as the one that can be
observed in the ESCI-Valéncia Trough profile, would
have been located in the hangingwall precisely next to
the extensional fault. Also worth noticing is that, accor-
ding to this hypothesis, the Mesozoic cover was at least
80 km narrower than at the present time. -

The upper and lower crustal extension mechanisms
would have been very different. Whereas in the upper
crust the greatest part of the displacement would have
been produced by only one structure and the extension
mechanism would have been simple shear, in the lower
crust the displacement would have shared a multitude of
shear zones making the extension mechanism more like
pure shear. This difference in the extension mechanism
would imply that the contact between the lower and up-
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per crusts was a detachment, as in the previous hypothe-
sis. In this case, extension would also have occurred in
the lower crust of the Balearic Promontory, at the same
time as shortening in the upper crust. But the disharmony
would have been much more spectacular than in hypot-
hesis A because the total extension is greater.

The low-angle extensional fault would originally
have had a regular dip and would have been deformed
after its formation. It would probably have been cut by
the detachment of the Mesozoic cover associated with
the Oligocene-Miocene Mallorcan thrust system. Du-
ring the second half of the Middle and Late Miocene
and the first half of the Pliocene-Quaternary, the low-
angle extensional fault would have been folded due to
the NW propagation of contractional structures, and
the basement highs would have formed. In some res-
pects, these structures would be similar to the Sierra
Nevada and Sierra Filabres of the Betic Ranges,
though, in these cases it refers to the internal zones of
the Betic orogen and, in the Valéncia Trough, to the
external zones. In effect, the present-day contact bet-
ween the Nevado-Filabres and Alpujarrides units is a
Middle Miocene low-angle extensional fault of great
displacement which was later folded into broad anticli-
nes in the Late Miocene (Galindo-Zaldivar et al.,
1989; Garcfa-Dueiias et al., 1992; Crespo-Blanc et al.,
1994).

Conclusions

Along the ESCI-Valéncia Trough profile, three re-
gions with different crustal structure are distinguished
and characterised.

a) The Ebro Basin, located at the NW end, consisting
of continental crust with regular thickness made up of
seismically transparent upper crust and reflective lower
crust.

b) The Continental Margin, in the centre and occup-
ying nearly all of the profile, which possesses a thin
crust that is also made up of transparent upper crust and
reflective lower crust. This crust was deformed during
the Cenozoic in compression and extension, both types
of deformation coexisting with each other in adjacent
areas, and even superimposed on each other in the same
area, during certain periods.

¢) The Algerian Basin, located in the SE part of the
profile, with a recent, very thin and weakly reflective
crust of probable oceanic character.

Although compressional and extensional structures
exist in certain sectors, like the Balearic Promontory for
example, if a plane strain and constant volume deforma-
tion is accepted, it follows that extension should predo-
minate in the continental margin crust as a whole becau-
se the end result is crustal thinning. Alternatively, part of
the thinning could be considered to be due to a decrease
in crustal volume.

The crustal thinning affects both the upper and lower
crust. Normal faults are the only visible extensional
structures in the upper crust of the Catalan-Valencian
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Domain. Their displacement is insufficient to explain
the thinning of this region. In the thinned lower crust, as
well as horizontal reflections characteristic of undefor-
med lower crust, inclined reflections are observed which
are interpreted as extensional shear zones which could
explain the thinning of the lower crust.

In addition to extensional and contractional structu-
res, which are visible in the ESCI profile and are mapped
on the ground, the possible existence of non-observable
extensional faults, which are necessary for balancing the
geological cross-section, is noted. Among these possible
structures, attention is drawn to a hypothetical Late Oli-
gocene-Early Miocene low-angle extensional fault of
great displacement whose footwall would be the Balearic
Promontory (Fig. 17). This fault would later have been
folded due to the NW propagation of contractional struc-
tures which affect the Balearic Promontory. If this hy-
pothesis is correct, the upper crust would have been ex-
tended through simple shear while the lower crust as a
whole would have been extended in a more like pure
shear manner, implying that the contact between the two
crusts acted as a detachment. At a given moment, this
detachment would have enabled the lower crust of the
Balearic Promontory to be stretched while the upper
crust was shortened.

The content of this work has benefited from the authors’
discussions with J. Suppe, J. Gallart and N. Vidal. Reviews
from J. Alvarez-Marrén and V. Garcfa-Dueias greatly impro-
ved the manuscript. Thanks are due to I. Durney and D. Durney
who translated the paper and improved the English. This work
is part of the DGICYT PB91 0252 project “Evolucién de la es-
tructura de la corteza del margen septentrional de Iberia a partir
del andlisis de perfiles de sfsmica de reflexién profunda” and
has been made possible thanks to the shooting of the ESCI-
Valéncia Trough profile, financed by the CICYT GE089-0858
and GEO90-0733 projects. It has also been partially financed
by the Comissionat per Universitats i Recerca de la Generalitat
de Catalunya, GRQ94-1048.
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