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The unsolved questions
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Geodynamic model: the unsolved questions

A Scenario 1: N-S extension in Algerian Basin

ALGERIAN BASIN

The northern African margin has been postulated to be the site of southward subduction initiation since the Pliocene [Deverchere et al., 2005; Stich et al., 2006; Baes et al., 2011; Billi et al., 2011]
, but the opening of the Algerian basin remains controversial regarding the kinematic evolution and the nature of the margins.

The disagreement stems firstly from the interpretation of the opening direction of the aceanic Algerian Basin :

= a first school of thought assumes a dominant N-S opening leading to a presently inactive slab under the North African margin [e.g., Gueguen et al,, 1998; Carminati et al., 1998; Frizon de
Lamotte et al., 2000; Wortel & Spakman, 2000; Gelabert et al., 2002; Rosenbaum et al., 2002b; Rosenbaum & Lister, 2004; Schettino & Turco, 2006]. The westward rollback in the Gibraltar region
is thus accommodated with no significant displacement (i.e., less than 200 km) of the Alboran block [Faccenna et al., 2004; Jolivet et al., 2009; Rossetti et al., 2013] (Figure A). In this hypothesis,
the slab started to roll back from Gibraltar to Corsica and the subduction started along a E-W trending collisional zone.

* A second school promotes a dominant E-W opening [Malinverno & Ryan, 1986; Royden, 1993; Lonergan & White, 1997; Rosenbaum et al.,, 2002a] associated with slab rupture along and remo-
val of slab under the North African margin [Gutscher et al., 2002; Mauffret et al., 2004; Spakman & Wortel, 2004; Duggen et al., 2003, 2004, 2005] (Figure B). In this hypothesis, the slab is restric-
ted to the Balearic-Sardinia/Corsica segment. These westward migration of the Alboran block would have induced a left-lateral deformation along the Western and Central Algerian margins and
right-lateral deformation along the Balearic Promontory [Camerlenghi et al., 2009]. This scenario argues for a subduction starting along a fossil transform (subduction transform edge propagator
(STEP)) fault.

Whatever model chosen, the westernmost Algerian margin can be assumed to represent a purely strike-slip type margin [Domzig et al., 2006], having formed as a STEP-fault system -Subduction-

Transform Edge Propagator) [Govers & Wortel, 2005; Medaouri et al., 2014]

Note also that a third model, with process of lithospheric delamination [Roure et al., 2012], challenges the rollback theories of these two models.

ALBORAN BASIN

The complexity of the evolution of the Alboran domain results in several debates focusing on the Tertiary kinematics of the Alboran block (timing and amount of westward displacement if exists)
[e.g. Gueguen et al., 1998; Jolivet & Faccenna, 2000; Mauffret et al., 2004, 2007;Duggen et al,, 2004; Platt et al,, 2006] and the amount, timing and nature of the magmatic and volcanic activity
which has considerably (and extensively) modified and altered the crustal structures [e.g. Duggen et al., 2004; Booth-Rea et al., 2007] and may mask the importance of tectonic features and the
nature of the basement [Medaouri et al., 2014].

Therefore, subduction rollback, detachment and/or STEP (Subduction-Transform Edge Propagator), tearing slab, double vergence subduction zones, mantle diapirism, poloidal and toroidal mantle
flows, delamination, convective removal, etc. are proposed the opening of the Algerian-Alboran deep basins [for e.g. summaries in Michard et al.,2002; Spakman & Wortel, 2004; Govers & Wortel,
2005;Valera et al., 2008; Vergés & Fernandez, 2012; Duarte et al.,2013; Schellart & Moresi, 2013; Meyer & Schellart, 2013].

PROVENCAL BASIN

The Oligo-Miocene counterclockwise rotation of the Corsico-Sardinian block is commonly accepted for explaining formation of the Provencal basin. However authors disagree on its amplitude
& timing (see next Plate 09/57), and also on the extent of resulting oceanic domain. This is mainly due to the different data (paleomagnetism, geology, gravity ...) and the spatial and temporal
scales (position plate boundaries, integration of relative movement of the Balearic block ...) that are taken into account in the kinematic reconstructions. The modalities of interaction or non From Van Hinsbergen et al. [2014]
interaction of Alpine Orogen and history of the European Rift in structuring the Mediterranean are also a source of varying interpretations (see [Mattauer, 2007])

VALENCIA & BALEARIC BASIN
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Provencal Basin
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FOCUS ON THE STRATIGRAPHIC MARKERS OF THE GULF OF LIONS

Seismic markers (From Shelf to basin)
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Seismic markers from shelf to basin
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From Gulf of Lion to Sardinia Margin
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2D STRATIGRAPHIC MODELING WITH A CONSTANT SUBSIDENCE TILTING RATE OF 0,16° /MA ON THE LAST 5.32 Ma
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Modeling the Messinian Salinity Crisis (6.00 Ma - 5.00 Ma) with a 10 000 years time-step
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The Sardinia Experiment
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Deep Structure
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The 1DNVZ profiles underneath land seismic stations (purple lines) show similarities with the worldwide compilation of unthinned continental crust profiles (Christensen & Mooney, 1995), both in velocities and gradients. A very small
velocity step marks the transition between the upper and lower crustal layer. From land to deep sea, three areas of thinning arte described: i) in the Hinge Zone (brown profiles) where the thinning occurred in the lower part; ii) in Domain
Ia and Va (blue profiles), where the thinning occurred mainly in the upper part; and iii) in Domain Ib and Vb (green profiles), where the thinning occurred in both parts of the crust. In each domain, the decreasing of the thickness is connec-
ted with a slight increase of velocities in both layers.

Domains 11 and 1V are the place of an important change in the 1DV7Z profiles shape (light and dark orange profiles) in respect to the Domains [ and V (blue & green profiles), with a strong velocity step between the two crustal layers (more
than 1 km/s) and a strong velocity gradient in the lower crust These profiles do not fit a typical oceanic crust profile, nor an unthinned continental crust profile. The upper layer has a high velocity (>0 km/s) and the Moho is well marked
by a step of about 0.5 km/s. Domain 1T may likely consist of a thin exhumed lower continental crust overlying a heterogeneous, intruded lower layer.

The comparison between the 1-D velocity structure of domain 11T and the typical oceanic crust (White et al., 1992) shows a thinner crust mainly coherent with oceanic crust whilst in the Gulf of Lion, the domain TIT has a high velocity at
the top of the crust (about 6km/s) and can be interpreted as oceanic crust with a missing layer 2 (consisted of pillow lavas) as described in the Atlantis Bank; on the Sardinia side, this domain seems to represent a more classical but thin
oceanic crust. This similarity between domain 1T and domain IV raises the question of the role of the lower continental crust “flow*, that can be gradually recrystallized to build the first atypical oceanic crust (Bott, 1971; Aslanian et al., 2009:
Sibuet et al., 2012, Moulin et al., 2015; Afilhado et al., 2015).

UP m C . ATLAS OF SEISMIC STRATIGRAPHY IN THE WESTERN MEDITERRANEAN - FOCUS ON THE MESSINIAN AND PLIO-QUATERNARY OF THE GULF OF LION
Sobscue . pI:fremer Leroux E., Aslanian D., Rabineau M, Gorini C., Bache F., Rubino J.-L., Moulin M., Afhilado A., Schnurle P.
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Discussion: Nature of the oceanic crust?
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THINNING PRINCIPALLY MAINLY CONCERNS THE LOWER CRUST

.. Aslanian et al

g
N
=
=
8 2+
Allochthonous domain
e e (i s S
ECORS I IIa 1 IIb 111 11 IIb II I Sardi 104
B B T T T S e B AL B e e S B T L e e 1t T T T T T T T T T T T T
(Iﬂ :!D ilﬂﬂ 150 ?U‘O 250 .‘JLI'O J;ﬂ 1('10 A;D 506
0 50 km Distance (km)

Exagération verticale = 1/3

Ajustment of the 2 quiet magnetic zones just before the opening
of the central magnetic crust

e e s me s
B + _V:\ + |+ o+ o+ o+ o+
Ty V7 VY 7 7
5 ! -
l )
z )
=
] \
£
2 Y
(a7} N
ol Y
ECORS Sardinia04
BT - p— T T T T T T
00 200

50 km

Exagération verticale = 1/3

Ajustement at the tightest paleo-reconstruction

Missing piece of the Jigsaw



ULTRA DEEP DRILLING: THE GOLD PROJECT
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Geodynamic of the Gulf of Lion and crustal natures
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Geodynamic of the Gulf of Lion and crustal natures ,
Actual time
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Segmentation of the Valencia Basin : the specificity of Minorca basin
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Segmentation of the Valencia Basin : Marine Water through time
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Segmentation of the Valencia Basin : the Valencia Basin sensu stricto : a Mesozoic Basin
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Geodynamic of the North West Mediterranean Sea and crustal natures
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Geodynamic of the Gulf of Lion and crustal natures ,
Actual time
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Geodynamic of the North West Mediterranean Sea : Position of the ALKAPECA blocs
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Geodynamic of the North West Mediterranean Sea : Position of the ALKAPECA blocs
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TOP OF THE ACOUSTIC BASEMENT
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