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SUMMARY

— The evolution of the western Mediterranean of an ‘internal zone plate’ by the mechanism
basin is considered. The Provence basin invoked by Karig. Lower or middle Miocene
results from the Oligocene migration of Corsica  squeezing of the internal zones against the
and Sardinia southeastwards. The North North African platform caused ejection of the
African basin was created by the dislocation flysch nappes. —

THE WESTERN MEDITERRANEAN BASIN has long been interpreted in two
different ways. Historically it has been thought of as a remnant of a former
large Alpine ocean, the Tethys, in which sedimentary material, making up part
of the Alpine mountain belts, was deposited. On the other hand, a former emerged
land, located in the present western Mediterranean basin, is often postulated to
explain geological features observed in Sicily, North Africa, the Balearic Islands
and the sw Alps (Termier 1911; Flandrin 1948; Kuenen 1g959; Colom & Escandell
1962; Caire 1965; Stanley & Mutti 1968; etc.). The data gathered by the above
authors rule out the Tethyan hypothesis. The western Mediterranean basin has
to be created either by such processes as oceanization, or by large horizontal
displacements of certain blocks so that land can emerge as late as upper Eocene
times.

Refraction and magnetic anomaly studies suggest that the abyssal part (deeper
than 2500 m) of the western Mediterranean basin is oceanic and. overlaid by a
thick sedimentary sequence (Fahlquist & Hersey 1969; Le Borgne et al. 1971;
Hinz in press).

In this paper (Fig. 1) the northern part of the western Mediterranean basin
that is surrounded by southern France, NE Spain, the Balearic Islands, Sardinia
and Corsica is named the Provence basin. The basin located south of Sardinia,
the Balearic Islands and Spain and north of Tunisia, Algeria and Morocco, will
be called the North African basin. Several authors have supposed that the
Provence basin was formed by migration of the block of Corsica and Sardinia
(Argand 1924; Carey 1958; Kuenen 1959; Dubourdieu 1962; Westphal 1967;
Stanley & Mutti 1968; Ryan 1969; Smith 1971; Boccaletti & Guazzone 1970;
Alvarez 1972). Westphal (1967), Smith (1971) and Alvarez (1972) designed
models in which the block reconstruction is based upon morphological criteria.
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F1G. 1. Bathymetric map of the western Mediterranean basin. Isobaths in metres. Redrawn by S. Monti (Centre Océanologique de
Bretagne) from various sources.
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The origin of the western Mediterranean basin

For the North African basin, to our knowledge, no model has been proposed;
however, Dubourdieu (1962) suggested an en echelon displacement of northern
Africa toward the southwest.

We propose a double model for creating the deep basins of the western
Mediterranean, with rifting of continental masses and sea-floor spreading. Two
systems will be investigated: the triangular Provence basin formed by drifting
of Corsica and Sardinia, and the elongated North African basin, the creation of
which is related to building of the North African mountains. The proposed
models are tentative and will be more thoroughly discussed elsewhere; the present
study just displays the main lines of the models.

1. The Provence basin

The pre-drift reconstitution of the continental masses by morphological fitting
leads to apparently satisfactory results. Westphal (1967) and Alvarez (1972)
suggest rotation of the continental blocks so that Corsica is the eastern extension
of the Provence crystalline massifs and Sardinia is an extension of the Balearic
Islands, south of the Gulf of Lion. The adopted limits for the southern edge of
the Sardinian continent and the NE Balearic block imply a large angular rotation
centred on a pole in the present Ligurian sea, close to the northern tip of Corsica.
Smith (1971) proposed another morphological fit in which the Balearic block
was rotated back close to Spain and the Corsica—Sardinia block was just east of
the reconstructed Balearic-Iberian block. Our approach is different and is based
upon a careful examination of the magnetic anomalies and structural directions.

(A) MAGNETIC ANOMALIES IN THE PROVENCE BASIN

A very precise aecromagnetic survey has been carried out over the northern part
of the western Mediterranean (Le Mouel & Le Borgne 1970). A series of strongly
positive magnetic anomalies clearly stands out (Fig. 2) on the basin’s periphery
and four of them show a Nw-se preferential orientation: the Gulf of Genoa, the
Straits of Bonifacio, NE of the Balearic Islands and the Gulf of Lion.

A series of points has been chosen that describes the orientation of the anomalies.
These have been taken from a map of the second order vertical derivative of
the reduced-to-the-pole anomalies (Le Borgne et al. 1971). It is well known that
the reduced-to-the pole anomalies are better positioned above the causative
sources than the simple total field anomalies and that vertical differentiating
delineates the shape of the anomalies much better. 50 points have been fed
through a programme that computes the best pole with which the points are
aligned on small circles. This is at 54°N 24°E and the points describe small circles
relative to this pole with a standard deviation that is less than 1-5 km. We interpret
this pole as describing the movement of Corsica and Sardinia relative to western
Europe. It is clear on Fig. 2 that many magnetic features follow small circles,
especially two series of secondary magnetic extremes.

It should be realized that the directions of the magnetic anomalies are not
necessarily true transform faults. Some of them could correspond to ‘transform
directions’ as defined by Bonnin (in Le Pichon ez al. 1971a), being intracontinental
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Fi1c. 2. Aeromagnetic anomaly sketch map (from Le Mouel & Le Borgne 1970).
Flown at an altitude of 3000 m. Contour interval is 50y; shaded areas are positive
anomalies. Thick lines are small circles centred on a pole at 54°N 24°E; they are
superimposed on the anomalies used in computing the pole. Dashed lines are addi-
tional latitude circles which have not been used in the computations. UTM pro-
jection; origin: meridian 6°E.

fracture zones which were created with the initial continental rifting, but later
aborted and so did not evolve as transform faults. The ‘transform directions’ are
likely to follow small circles relative to a pole of early opening, as they formed
in relation to the initial stage of rifting. In addition, the Provence basin does not
show any clear magnetic anomaly pattern similar to the well known pattern of
the large oceanic basins in which magnetic anomalies are parallel and symmet-
rical to the basin’s axis.

(B) STRUCTURAL FEATURES

On the continental margins, the Nw—sE direction appears to be dominant from
the Gulf of Genoa to the Balearic domain (Fig. 3).
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Ligurian sea. From Cape Mele, an important structure strikes Nw—se (Rehault
1968) ; the acoustic basement is vertically offset by this structure with the lowered
part on the deep basin side. Dacitic volcanics are associated with this structure
(Rehault pers. comm.). No dates are available on these rocks but a similar
volcanism is known east of the Maures massif and is of late-Oligocene age (Bellon
& Brousse 1971).

From the Maures Massif to Cape Mele. The margin is deeply cut by numerous
canyons, three of which are particularly prominent and show linear tracks
suggesting that they are structurally controlled (the Nice, Menton and San Remo
canyons).
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F16. 3. Structural sketch map of the Provence basin.
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Off the Maures Massif. Again the Nw-sE direction is well marked at the margin.
A series of normal faults that extend the well known Arles fault to the se pro-
gressively bury the calcareous Provence rocks beneath the sedimentary cover
of the Gulf of Lion. Off Cape Creus, the Nw—sE direction is well marked and
limits the Gulf of Lion to the west. Recent cutting of the margin by canyons
seems to be controlled structurally in the same direction.

Balearic Islands. NE of Minorca, the margin is linear and strikes Nw—sE. In the
north Balearic basin, Auzende et al. (1972) have pointed out that a series of
horsts and grabens are controlled by this direction. In addition, the shelf’s
morphology suggests that there are faults with the same orientation between
Majorca and Minorca.

Corsica—Sardinia. The canyons off the Nw margin of Corsica follow the Nw—sE
direction (St-Florent, Ile Rousse and Calvi canyons) as do the northern coastlines
of the Gulfs of Porto, Sagone and Valinco and the hypothetical limit between
Corsica and Sardinia.

Our marine data are too scarce to define any directions precisely on the Sar-
dinian margin; however the continental limit sw of Sardinia is oriented NW—SE,
and, on land, the structural limit between the mainland, Sardinia and the Igle-
siente Massif could follow the same direction.

(C) RECONSTRUCTION AND AGE OF OPENING

Isobaths (in sec. of two-way travel time) of the acoustic basement are reported
in Fig. g. This acoustic basement is defined as the deepest reflector that can be
traced on the profiler records (Flexotir system). This reflector is in continuity
with the continental basement of which the geometry on certain margins is well
known; in other words, wherever it can be traced, the acoustic basement represents
the foundered extension of the continent and consequently, it will be referred to as
continental basement. Its continental character has been checked by dredging
south of Provence and by Glomar Challenger drill holes on the Sardinian margin.

The limit of the continent is well defined off Provence where the margin is the
extension of the Maures massif crystalline basement. East of the Maures massif,
the continental basement is buried beneath a Mesozoic and Tertiary sedimentary
cover and its limits are poorly defined. In the Gulf of Genoa and north of Corsica,
the limits of the basement are masked by important volcanics. West of Corsica,
the margin is quite similar to the one off Provence; the continental slope appears,
on seismic evidence to be made of hard-rocks and could mark the limit of the
continent. Off Sardinia, the limits are precisely known only off the Iglesiente
Massif, where Paleozoic material makes up the slope; in addition, the morphology
suggests that the Sardinian continental domain extends westward so far as to
double the areal extent of the island. NE of Minorca, the continental limit is well
defined. In the Gulf of Lion, a very thick Tertiary sedimentary filling masks the
basement.

Considering the constraints imposed by the continental limits as outlined, if
Corsica and Sardinia are rotated towards the Nw relative to the 54°N 24°E pole
(Fig. 4), the possible movement of Corsica is limited to a few degrees by over-
lapping of the Corsican and Provencen continental limits. The same rotation
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with the same amplitude applied to Sardinia, leaves a large gap between Sardinia,
the Balearic Islands and NE Spain. An additional rotation relative to the same pole,
applied to Sardinia only, fills most of the gap; the latter would be filled by a
hypothetical additional rotation of the sw region of Sardinia. A possible decoupling
of the Iglesiente Massif from Sardinia has already been proposed on completely
different grounds (Arthaud 1970).

Arguments for a Cenozoic opening of the Provence basin have been developed
previously (Le Pichon ef al. 1971b). In summarizing, many authors have shown
the necessity for an emerged domain in the present basin up to Eocene times at
least and foundering of the Gulf of Lion took place in Oligocene times. A general-
ized episode of extension occurred at this time west of the western Alps and this
resulted in the formation of grabens, such as the Rhone valley and the troughs
bordering Languedoc and the Gulf of Lion. It is noteworthy that the foundered
structures are roughly perpendicular to the proposed movement of Corsica and
Sardinia.

On the other hand, data from seismic refraction (Fahlquist & Hersey 1969),
seismic reflection (Auzende et al. 1971) and from the depth of the magnetic
sources (Le Borgne et al. 1971) are consistent with a sedimentary thickness of

44°

a2t

e r

40

T ——

o
->
-~

~

38°*

B 8 L

Fre. 4. Reconstitution of blocks before the creation of the Provence basin. Heavy
lines are flow lines of motion. Thick arrows show the displacement. Dashed lines
show the present location of Europe and Corsica and Sardinia. Shaded areas are
surveyed continental basement (see text).
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F1g. 5. Structural sketch map of the North African basin, Thé insert shows a sketch section across northern Africa along AB (from Durand-

Delga 1969).
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5-6 km. Assuming an Oligocene age, this leads to a reasonable sedimentation
rate. .
Considering the Provence basin to be of Oligocene age suggests attaching
Corsica, Sardinia and the Balearic block to the Iberian plate in pre-Oligocene
times. The north Pyrenean fault, which represents the path of the Iberian plate
when the Bay of Biscay opened in the lower Cretaceous, (Le Pichon ef al. 1971a)
follows approximately the present-day border of the European continent between
the Maures massif and the Gulf of Genoa. The north Pyrenean fault lay north
of Corsica; hence Sardinia, Corsica and the Balearic islands travelled with
Iberia in pre-Oligocene times.

2. The North African basin

(A) SUBMARINE FEATURES

The North African basin shows a remarkable set of morphotectonic features
(Fig. 5) that are summarized below.

The Alboran basin. The NE-sw direction is well marked in all the features of the
Alboran basin (Olivet et al. 1973). The most apparent feature is the Alboran
rise: it is a lineament probably made of volcanic material (Giermann et al. 1968).
On the magnetic map of Vogt et al. (1971), the Alboran rise is associated with a
magnetic anomaly. The rise is bordered by two troughs which seem morpholog-
ically similar to the trough forming the Gibraltar Straits. In the western Alboran
basin, the relief is generally linear and strikes NE-sw; the northernmost positive
feature (sampled by the Glomar Challenger) (Olivet et al. 1973) could belong to a
structure paralleling the Alboran rise and the feature associated with the Gibraltar
Straits. To the east, the NE-sw direction controls the Oran continental margin and
the margin to the east of the Balearic [slands.

The Southern margin of the Balearic Islands. The most striking feature is the Emile
Baudot escarpment, south of the Balearic Islands, the sE end of which is actually
a rise similar to the Alboran rise; the comparison is based on the seismic profiler
results (Mauffret pers. comm.). To the NE, the Emile Baudot escarpment is
well marked in the topography by a steep slope se of Majorca, and the NE-sw
direction is apparent in the general morphology of the continental margin south
of the Balearic Islands (Mauffret et al. 1972).

The Sardinia—Tunisia Strait appears to be underlain by what we have defined
above as continental basement (Auzende, 1971). The western limit of the con-
tinental basement is controlled by the NE-sw direction as shown by the 4 sec
isobath of the basement (Fig. 5). This ‘continental boundary’ is marked by a
series of seamounts, the northeasternmost one being elongated in shape in the
NE-sw direction. The influence of the NE—sw direction is further shown by the
free-air gravity anomaly map (Allan & Morelli 1971). -

From points picked on the main features described above (the Alboran rise,
the Emile Baudot Escarpment and the Sardinia-Tunisia Straits), a pole has been
computed so that these features lie on small circles centred on the pole. Com-
putations give a pole at 45°N 13-25°w, with a standard deviation of 1-5 km. All
the structures mentioned above roughly follow small circles relative to the pole;
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this is a remarkable geometric property, that will be interpreted later on in terms
of plate kinematics.

(B) MODEL AND EVOLUTION

Tectonic zoning. In the North African mountains, it is usual to distinguish:

(1) an external domain which belongs to the African platform and which has
been affected by a relatively late tectonism (starting in Oligocene times in the
Rif Mountains; Andrieux 1970).

(2) an internal domain formed by a series of zones made of Paleozoic and
Mesozoic material. The Alpine tectonism that has been active in these zones is
relatively early (Eocene in the Rif; Andrieux 1970). The internal domain shows
a remarkable unity from east to west and differs drastically from the Iberian and
African old blocks by its pre-Alpine tectonic and metamorphic history (Durand-
Delga 1969). It is likely that the internal zones of the Betic Cordillera, of the Rif,
of Kabylia, Sicily and Calabria once formed a unique block (Andrieux et al. 1971;
Durand-Delga 1969). It is clear from the preceding discussion that a fundamental
discontinuity must separate the internal domain from the external domain.

(3) a series of flysch nappes that are well known in North Africa. The sedi-
mentary sequences of the different nappes are very complex and span from late
Jurassic to lower Miocene. The nappes have been mostly emplaced in their
present position by gravity sliding. The origin of the flysch on the one hand and
the intervening mechanisms (other than gravity sliding) on the other hand, are
still debated. Some authors favour an ‘ultra’ origin, that is from within the internal
zones, for at least part of the flysch and a pure gravity sliding emplacement
(Mattauer 1963; Caire 1965). Durand-Delga (1967) proposed that the flysch
came from a domain located between the internal and external zones and the
basement on which the flysch sequences have been deposited would have been
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F1c. 6. Reconstruction previous to the creation of the North African basin. As the
internal zone limits are poorly defined, the present shoreline has been rotated back.
Heavy lines are flow lines of motion. Thick arrows show the displacement (see text).
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swallowed by a giant underthrusting of the internal zones (the “‘succion” of
Durand-Delga, the ‘‘verschluckung® of the German authors), resulting in the
ejection of the flysch nappes, which would have glided later on. The major
discontinuity between internal and external domains, has obviously not the same
significance in the two models.

Model. In this paper we propose the following evolution. The internal zones of
the sw Mediterranean belts once formed a unique block (the ‘Alboran’ plate of
Andrieux et al. 1971). To the north of the African plate was an oceanic domain,
of undetermined width but in which the different flysch series were deposited.
The width of the oceanic basin was probably at least 300 km taking into account
the palinspastic reconstructions and allowing for the shortening which is known
to have occurred between the European and African plates (Pitman & Talwani
1972). The shortening has been taken up most probably by a Benioff zone dipping
to the north and underthrusting the ‘internal domain plate’. According to the
mechanism proposed by Karig (19712 & b) in the western Pacific region, the
internal zone plate has been dislocated, an inter-arc basin appeared (the present
North African basin) and several blocks moved to the sw as the Benioff zone was
still active; the structural signature of the motion is, in our opinion, the set of
features that are shown above as being centred on a pole. Their motion was
stopped by abutting of the ‘internal nuclei’ against the African plate, resulting
. in the rising of the North African mountains and ejection of the flysch deposited
in the former oceanic basin (Wezel 1970).

It is known that the latest flysch is lower Miocene in age and that its ejection is
Burdigalian. In addition, andesitic volcanism has been described in the internal
zones of the North African mountains, the age of which would be lower Miocene
(Roubault 1934; Glangeaud 1952; Hilly 1962; Jeremine & Margais 1962;
Glagon 1967; Robin 1970). We interpret this volcanism as related to the Benioff
zone; however volcanism is not strictly confined to zones where our interpretation
is plausible, and volcanic occurrences in the external zones could be related to
late fracturing produced by block movement as invoked above. Thus we assign
to the present North African basin an origin of the inter-arc basin type and a
Burdigalian age which is in agreement with the marine data on the sedimentary
filling of the Alboran basin (Olivet et al. 1973).

It is therefore proposed that the Alboran basin results from the sw motion of
part of the Alboran plate, namely the internal zones of the Rif Mountains and it is
notable that in Morocco, the lateral limits of the internal domain (Straits of
Gibraltar and Nkor Valley) are approximately along small circles defined above.
To the east, the internal zones are absent from the emerged continent. However
it is possible that they form the large plateau west of the Oran shoreline. Far into
the continent, the offset of the Oran continental margin is prolonged by a volcanic
alignment. The Emile Baudot escarpment appears to be homologous to the offset
of the Oran margin. Finally, the North Algerian mountains result from the sw
motion of the Kabylian internal nuclei. It is possible that the two Kabylia have
travelled separately with a decoupling zone located presently in the Gulf of
Bougie. :
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3. Conclusions

The North African basin is an inter-arc basin and the North African belts result
from the collision of the internal zones with the African plate. It is likely that this
general model applies to the entire western Mediterranean basin; this is suggested
by the smallness of the involved basins and by the fact that they are surrounded
by important orogens. In particular, the same general tectonic setting is encoun-
tered in Calabria-Sicily and less clearly in the Betic Cordillera. However, the
localization of the Benioff zone responsible for the motion of Corsica and Sardinia
is not possible from our present state of knowledge.
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