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The aim of this talk is to summarize recent advances in our understanding of the tectonic evolution of the western
part of the North African margin, where most of the plate convergence between Africa and Europe is taken up today.
Although this plate limit appears to be poorly deﬁned (Figure 1), its central part (Algeria) evidences several large,
overlapping active thrust faults and folds that are found from the Atlas domain on land to the foot of the margin offshore. Among others, the 1980 Mw 7.3 El Asnam and 2003 Mw 6.9 Boumerdes-Zemmouri earthquakes provide support
for this active deformation and call for improving earthquake mitigation. I review the recent geophysical and geological observations that argue for a clear segmentation of the fault-and-fold network, both offshore and onshore, and
for strain focussing that is apparently migrating from the collisional belt on land (Miocene suture zone of the Tethyan,
Maghrebian ocean) towards the foot of the Algerian margin.
Fault activity offshore was until recently ignored or not explored, whereas available geodetic and seismological data
indicate that a signiﬁcant part (about one third) of the relative plate convergence may be taken up there (Figure 1;
Serpelloni et al., 2007). Plio-Quaternary growth strata within uplifted areas are the ﬁrst evidence for this ongoing
activity. They are found as stepwise, en-échelon systems on the slope and in the deep basin, from eastern Algiers to
the Annaba coastline (Figure 2). Some thrusts identiﬁed turn to fault-propagation folds at the sub-surface and depict
ramp-ﬂat trajectories. They interact at depth with the Messinian salt and seaﬂoor currents (contourites and turbidites), forming complex structures near deep-sea fans (Babonneau et al., in press) and scarps and scars on the main
slope breaks and on ﬂanks of canyons (Cattaneo et al., 2009). East of the bay of Algiers, we ﬁnd that the two main
slip patches of the 2003 Mw 6.9 Boumerdes earthquake are spatially correlated to two segmented cumulative scarps
recognized on the slope and at the foot of the margin (Segment 12, Figure 2; Déverchère et al., 2005).
The structural inheritance from the Algerian basin opening and from the Alpine belt building history plays obviously
a key role in this pattern: for instance, perched basins of the slope represent reactivated tilted blocks of the Miocene passive margin (Yelles et al., 2009). Although previous normal faults may have been set upright, the overall
geometry indicates the predominance of back thrusts implying underthrusting of the Neogene oceanic crust. The Algerian margin may therefore represent a ﬁrst order case study of subduction inception, a process poorly documented
worldwide that is likely taking place also off northern Sicily and in the northern Ligurian basin (Figure 1; Billi et al.,
2007; Larroque et al., 2009). The relative youth of the Algerian basin (less than 20 My, Schettino and Turco, 2006) is
probably a favorable criterion for subduction initiation if one believes the non-conventional scenario of Cloetingh et
al. (1989) of closing of young oceanic basins. Furthermore, this recent reactivation (probably less than 3 My) of the
Algerian margin is obviously strongly inﬂuenced by the main preceding event, namely the subduction of the Tethyan
Maghrebian ocean, implying not only an important retreat (roll-back) of this slab, but also a Cenozoic inversion of the
foreland and thermal, magmatic and isostatic effects of slab evolution at depth.
From various seismic reﬂection and coring analyses performed recently, I show that the record of the sedimentary
deposition since Miocene times and of various Quaternary and present-day instabilities on the continental slope and
in the deep basin is especially helpful to identify this process. The consequences in term of earthquake size and recovery of their recurrences (identiﬁcation of paleo-events) are explored using core analyses and correlations between
them from high-resolution seismic data. Finally I show how and why land- and marine studies are necessary and complementary approaches in order to decipher the tectonic evolution of a reactivated margin.

Figure 1 : Simpliﬁed presentation of zones
of deformation of the south-western
Mediterranean where most of the AfricaEurope convergence is accommodated today.
Convergence seems to rework some contacts
between Neogene oceanic lithosphere and
continental lithosphere thickened during
alpine orogenesis, as along most of the
Algerian margin, off northen Sicily (Billi et
al., 2007), and at the northern edge of the
Ligurian basin (Larroque et al., 2009). Double arrows indicate the type of stress ﬁeld
and main directions, and numbers the GPSderived velocities in mm/yr after Serpelloni
et al. (2007). Reproduced from Strzerzynski
et al. (in press)
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Figure 2. Main indicators of active deformation (folds and faults) charted like active faults onshore and offshore. Numbers refer to fault segments hypothesized offshore from various seismic, sedimentological and morphological markers (Domzig, 2006).

References
Babonneau, N. Cattaneo, A., Savoye, B., Barjavel, G., Déverchère, J., Yelles, K., in press, Discovery of the Kramis fan offshore
Algeria: the role of sediment waves in turbiditic levee growth, AAPG-SEPM Special Publication, Prather, Pirmez (Eds.).
Billi, A., D. Presti, C. Faccenna, G. Neri, and B. Orecchio, 2007, Seismotectonics of the Nubia plate compressive margin in the
south Tyrrhenian region, Italy: Clues for subduction inception, J. Geophys. Res., 112, B08302, doi:10.1029/2006JB004837.
Cattaneo, A. Babonneau, N., Dan, G., Déverchère, J., Domzig, A., Gaullier, V., Lepillier, B., Mercier de Lépinay, B., Nouguès, A.,
Strzerzynski, P., Sultan, N., Yelles, K., 2009, Submarine slides along the Algerian margin: a review of their occurrence and potential
link with tectonic structures, Advances in Natural and Technological Hazards Research, in: «Submarine Mass Movements and Their
Consequences», 28, 515-526.
Cloetingh, S., M.J.R. Wortel, and N.J. Vlaar, 1989, On the initiation of subduction zones, Pure Appl. Geophys., 129, 7–29,
doi:10.1007/ BF00874622.
Déverchère, J., Yelles, K., Domzig, A., Mercier de Lépinay, B., Bouillin, J-P., Gaullier, V., Bracene, R.,, Calais, E., Savoye, B.,
Kherroubi, A., Le Roy, P., Pauc, H., Dan, G., Active thrust faulting offshore Boumerdes, Algeria, and its relations to the 2003 Mw
6.9 earthquake, Geophys. Res. Letters, 32, L04311, doi:10.1029/2004GL021646, 2005.
Domzig, A., 2006, Déformation active et récente, et structuration tectono-sédimentaire de la marge sous-marine algérienne, PhD
Dissertation, Brest (UBO) University, Institut Universitaire Européen de la Mer, Brittany, France, 333 pp.
Larroque, C., Delouis, B., Godel, B., Nocquet, J-M., 2009, Active deformation at the southwestern Alps–Ligurian basin junction
(France–Italy boundary): Evidence for recent change from compression to extension in the Argentera massif, Tectonophysics, 467,
22-34.
Schettino, A., Turco, E., 2006, Plate kinematics of the Western Mediterranean region during the Oligocene and Early Miocene.
Geophys. J. Int., doi: 10.1111/j.1365¬246X.2006.02997.x
Serpelloni, E., Vannucci, G., Pondrelli, S., Argnani, A., Casula, G., Anzidei, M., Baldi, P., Gasperini, P., 2007, Kinematics of the
western Africa-Eurasia plate boundary from focal mechanisms and GPS data, Geophys. J. Int., 169(3), 1180-1200, doi: 10.1111/
j.1365-246X.2007.03367.x.
Strzerzynski, P., Déverchère, J., Cattaneo, A., Domzig, A., Yelles, K., Mercier de Lépinay, B., Babonneau, N., Boudiaf, A., in press,
Tectonic inheritance and Pliocene-Pleistocene inversion of the Algerian margin around Algiers: Insights from multibeam and seismic reﬂection data, Tectonics.
Yelles, K., Domzig, A., Déverchère, J., Bracene, R., Mercier de Lépinay, B., Strzerzynski, P., Bertrand, G., Boudiaf, A., Winter, T.,
Kherroubi, A., Le Roy, P., Djellit H., 2009, Plio-Quaternary reactivation of the Neogene margin off NW Algiers, Algeria: the KhayrAl-Din bank, Tectonophysics, Special Issue on «The geology of vertical movements of the lithosphere, 475, 98-116.

15
ESC2010 6-10 September 2010, Montpellier, France - Keynotes

