
Click
Here

for

Full
Article

Tectonic inheritance and Pliocene‐Pleistocene inversion
of the Algerian margin around Algiers: Insights
from multibeam and seismic reflection data

Pierre Strzerzynski,1,2,3 Jacques Déverchère,1,2 Antonio Cattaneo,4 Anne Domzig,5

Karim Yelles,6 Bernard Mercier de Lépinay,7 Nathalie Babonneau,1,2

and Azzedine Boudiaf6

Received 2 June 2009; revised 8 September 2009; accepted 25 September 2009; published 30 March 2010.

[1] The Algerian margin has originated from the
opening of the Algerian basin about 25–30 Ma ago.
The central margin provides evidence for large‐scale
normal faults of Oligo‐Miocene age, whereas transcurrent
tectonics characterizes the western margin. A set of
NW–SE oriented dextral transform faults was active
during basin opening and divided the 600 km long cen-
tral margin into segments of ∼120–150 km. The upper
Miocene, Plio‐Quaternary, and present‐day tectonic
setting is, however, compressional and supports the
occurrence of a margin inversion, a process still poorly
documented worldwide. We show that the central
Algerian margin represents a rare example of inverted
margin, where the process of subduction inception is
particularly well expressed and helps understand how
extensional and transtensive structures are involved in
margin shortening. Using multibeam bathymetry and
multichannel seismic reflection sections from theMAR-
ADJA 2003 and 2005 cruises, we evidence Pliocene‐
Pleistocene shortening with contrasting styles along
the margin between west (Khayr Al Din bank) and east
(Boumerdès‐Dellys margin) of Algiers. Pre‐Miocene
structures such as basement highs and transform
faults appear to control changes of the deformation
pattern along this part of the margin, resulting in dif-
ferent widths, geometries, and relative positions of folds
and faults. Plio‐Quaternary and active blind thrust faults
do not reuse Oligo‐Miocene normal and transform
faults during inversion, but instead growwithin the con-
tinental margin (as testified for instance by the 21 May

2003 Mw 6.8 Boumerdès‐Zemmouri earthquake), at
the foot of the continental slope and at the northern
sides of basement highs interpreted as stretched conti-
nental blocks of the rifted margin. The inherited struc-
tures of the margin appear, therefore, to determine this
deformation pattern and ultimately the earthquake and
tsunami sizes offshore. The complex geometry of
the fault system along the Algerian margin suggests
a process of initiation of subduction in its central and
eastern parts. Citation: Strzerzynski, P., J. Déverchère, A. Cattaneo,
A. Domzig, K. Yelles, B. Mercier de Lépinay, N. Babonneau, and
A. Boudiaf (2010), Tectonic inheritance and Pliocene‐Pleistocene
inversion of the Algerian margin around Algiers: Insights from
multibeam and seismic reflection data, Tectonics, 29, TC2008,
doi:10.1029/2009TC002547.

1. Introduction
[2] Inversion tectonics is frequently proposed as an

important controlling factor in the structures of collisional
belts. Known examples of collisional tectonics are described
in the forelands and in the external parts of Tethyan and
Himalayan belts [Lemoine et al., 1989] and in Hercynian
belts [Vanbrabant et al., 2002]. Few examples of inverted
margins are described in presently submerged domains, and
most of them are inactive: the NE Atlantic margin represents
one of the studied best cases [Jackson and Larsen, 2008;
Ritchie et al., 2008]; other examples have also been docu-
mented on the Cantabrian domain [Alvarez‐Marron et al.,
1997]. Only rare examples of active inverted margins are
documented worldwide: they are located along the SW and
NW Australian margin [Hillis et al., 2008; Keep and
Harrowfield, 2008] or in several back arc basins such as
in Costa Rica [Brandes et al., 2007], Japan [Tamaki and
Honza, 1985], and Tyrrhenian Sea [Billi et al., 2007].
Several mechanisms are proposed to explain the initiation of
the shortening at passive margins, for example far‐field
orogenic stress and ridge push in the case of the NE Atlantic
margin [Doré et al., 2008] or changes of the subduction
dynamics in the case of back arc basins [Brandes et al.,
2007]. Compressive tectonics along passive margins is
characterized by the formation of synsedimentary folds and
faults, amplification of basement topography [Keep and
Harrowfield, 2008] and general uplift of the margin
[Holford et al., 2008; Hillis et al., 2008]. In most cases, the
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position of compressive structures is controlled by pre-
exist ing structures [Hillis et al . , 2008; Keep and
Harrowfield, 2008].
[3] The study of the active inversion of passive margins is

interesting at least for two main reasons. First, active inver-
sion provides important clues on how preexisting structures
are reused during inversion and how they help localize
deformation. Second, active inversions of these structures can
be used to document the early stages of subduction inception
[e.g., Toth and Gumis, 1998; House et al., 2002]. The

northern margin of the African (Nubia) plate represents an
interesting case study in this respect: in the western and
central Mediterranean regions (Figure 1), the collision
between Nubia and Eurasia has produced the subduction of
the Mesogean (Tethyan) slab, the growth of the Maghrebian
orogen, and the development of back arc extension. The
progressive cessation of subduction across the Maghrebides
during the Miocene‐Quaternary time span has allowed to
resume contractional tectonics at the rear of the orogenic
wedge [Faccenna et al., 2004; Déverchère et al., 2005; Billi

Figure 1. Simplified tectonic sketch of the western and central Mediterranean region, depicting main
active fault structures, zones supposed to deform actively today, and parts of Cenozoic back arc basins
undergoing incipient southward subduction (modified after Serpelloni et al. [2007]). Numbers refer to
mean horizontal strain rates (in mm y−1) assumed using GPS analyses (gray [Stich et al., 2006; Serpelloni
et al., 2007]; south Tyrrhenian basin [Serpelloni et al., 2005]) or from geological record of finite de-
formation at sea (Algerian basin [Kherroubi et al., 2009; Yelles et al., 2009]).

Figure 2. Structural sketch (in map view) of the Algerian basin and the Valencia trough. Onshore por-
tion shows main geologic units of north Algeria: T, Tell unit; A, Atlas; G.K., Grande Kabylie; P.K., Petite
Kabylie. Offshore portion is an annotated isobath map of the basement (picture redrawn and interpreted
from Figures 2, 4, and 19 of Schettino and Turco [2006]). KADB, Khayr al Din bank with the location of
the ODP and DSDP drills. Blue and red lines are the possible position of the spreading centers and the
transform faults at the end of the Algerian basins opening, respectively (picture redrawn and interpreted
from from Figures 2, 4, and 19 of Schettino and Turco [2006]).
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et al., 2007], which implies a contraction of the southern
passive margins of the back arc basins of the Tyrrhenian and
Algerian seas (Figures 1 and 2). This process is therefore
supposed to occur along a significant portion of the present‐
day plate limit, which raises several important problems rel-
ative to the generation of large earthquakes and tsunamis, the
Plio‐Quaternary evolution of the north African margin and
the Mediterranean sea, and the role of inherited structures in
the reactivation process. Furthermore, inverted margins have
also potentially important places to prospect new oil and gas
ressources and/or to assess risk in CO2 sequestration projects
[e.g., Cope, 2003; Rogers et al., 2008].
[4] The recent (Pliocene) contractional reactivation of the

Algerian margin has been first suggested in the 70s from
early geophysical investigations at sea [Auzende et al., 1972,
1975]. Further evidence for compression along the Algerian
margin has recently been highlighted using new bathymetry
and seismic profiles [Déverchère et al., 2005; Domzig et al.,

2006; Yelles et al., 2009; Kherroubi et al., 2009]. In this
study, we focus on the along‐strike variations of the style of
compressive deformation and on the influence of preexisting
structures on the inversion process in order to estimate how
compression reuses preexisting structures and when short-
ening started on the Algerian margin. Our interpretation is
based on the comparison of two distinct segments located
east and west of Algiers, both onshore and offshore
(Figures 2 and 3). The key proxies taken into account in this
comparison are the morphology, the sedimentary infill of the
basin, and the different (ancient or recent) tectonic struc-
tures. A particular attention is paid to the relative timing of
tectonic structures and to the lateral changes of the amount
of uplift by using various sedimentary markers (Figure 4).
To characterize the deformation pattern, we rely on the
description of pre‐Pliocene structures and their lateral tran-
sition from one deformation pattern to another. From this
study, we aim to better understand the heterogeneous evo-

Figure 3. Structural overview of the Algerian margin in the region of Algiers, Algeria. Offshore portion
is a structural map plotted above a shaded bathymetric map (MARADJA 2003 cruise). Onshore portion is
a tectonic map depicting the Miocene structures (AB and CD are simplified cross sections redrawn after
Boudiaf [1996] and Lepvrier [1967], respectively); A.S.A, Algiers Sahel Anticline; M.T., Mitidja Thrust.
Stars are epicenter locations of the 2003 Boumerdès earthquake after Ayadi et al. [2003] and of the 1989
earthquake after Meghraoui [1991]. Cross section AB after Bonneton [1977] and cross section CD after
Lepvrier [1967]. Inset in the upper right depicts the location map of seismic sections used. The dashed
line striking N120° separates structural sectors west and east of Algiers.
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lution of the Algerian margin and to provide additional
information on the style and type of active structures which
have the potential to trigger catastrophic events in the future.

2. Materials and Methods
[5] The study area is a 100 km long stretch of the Algerian

margin extending from 3°E to 5°E in longitude and 36.5°N
to 37.5°N in latitude. The data set consists of swath
bathymetry acquired with a Kongsberg Simrad EM‐300
multibeam echosounder during the 2003 MARADJA cruise
[Déverchère et al., 2005], with a vertical precision ranging
laterally from 2 to 10 m. The 50 m digital elevation model
(DEM) constructed with Caraibes© software highlights the
steep margin slope and basin escarpments (Figure 3).
Shading and classification of the DEM were made using
ArcGIS Spatial Analyst extension (Figure 5). Additional
bathymetric data were provided by two transits of the

Beautemps‐Beaupré Research Vessel using a Kongsberg
Simrad EM120 multibeam echosounder with a vertical pre-
cision of 3 m. A 100 m DEM covering the most distal part of
the study area was processed using this data set.
[6] Multichannel seismic reflection sections were ac-

quired with the following two distinct layouts: (1) 6‐channel
“fast” seismics with a combination of two double‐chamber
gas injection air guns shot at intervals of 12 s and (2) 24‐
channel “high‐resolution” seismics acquired with six double‐
chamber gas injection air guns shot at intervals of 5 s.
Seismic section stacking and migration were performed
using the public domain seismic processing software
package SU (http://www.cwp.mines.edu/cwpcodes/index.
html). The processing allowed obtaining good seismic
images down to 2–3 s two‐way travel time (TWTT) below
sea level (bsl; Figures 5–11).
[7] The structural maps in s TWTT of the depth and

thickness of the Plio‐Quaternary and Messinian Salinity

Figure 4. Comparison of the main characteristics of the sedimentary units onshore and offshore. Double
arrows represent the thickness of layers. The present‐day altitude of the Miocene to Pliocene sedimentary
units is shown by horizontal text. Single arrows represent the amount and possible timing of uplift pro-
posed. U, uplift amount; UR, uplift rate. Short‐term and long‐term eustatic curve after Haq et al. [1987].
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Crisis (MSC) unit bases were calculated using the Kingdom
Suite software on the basis of the whole MARADJA 2003
seismic survey. Kingdom Suite is also used to flatten some
seismic reflectors (Figure 5) and to establish lateral corre-
lations between seismic sections.

3. Regional Setting
[8] The Northern boundary of Africa is occupied by the

Tell‐Atlas Belt that was formed during the Cenozoic colli-
sion of Kabylian blocks with the African plate (Figure 2).
The collision took place within a slow N–S directed con-
vergence between Europe and Africa since the late Creta-
ceous [Dewey et al., 1989; Rosenbaum and Lister, 2004].
The convergence rate has been about 20 km Ma−1 between
65 Ma and 20 Ma BP and then decreased to 1 or 2 km Ma−1

[Rosenbaum et al., 2002]. A change in the motion of Africa
relative to Europe, ∼3 Ma ago, is assumed from geological
and GPS data [Calais et al., 2003]: the convergence direc-
tion could have counterclockwise rotated by about 20° and
became NW–SE at the longitude of the central Algerian
margin. The formation of the Tell‐Atlas belt and the open-
ing of the Algerian basin are also closely linked to the
motion of Iberia relative to Europe: a part of the conver-
gence has been first accommodated along the Pyrenean belt
during the Eocene and Oligocene times [Fitzgerald et al.,
1999]. The onset of subduction of the Tethyan oceanic
domain under the Iberia‐Kabylies took place during the

Eocene or the Oligocene [Rosenbaum et al., 2002]. As ob-
served in most convergence systems [e.g., Jolivet et al.,
2003; Heuret et al., 2007], the dynamics of the subducted
slab controls the evolution of the Tell‐Atlas collision belt
and allows to recognize two main stages characterized by
(1) subduction, slab rollback, and back arc basin opening
and (2) collision and slab break off.

3.1. Steady State Subduction, Slab Rollback, and
Opening of the Algerian Basin

[9] North‐dipping subduction of Tethyan oceanic domain
took place at the southern boundary of the Kabylian blocks
that are assumed to belong to Iberia during Eocene or Oli-
gocene times [Roca et al., 2004]. The Kabylian basement
consists of crystalline and metamorphic formations dated
from Pan‐African to Hercynian orogenies [Peucat et al.,
1996]. The southern part of the Kabylian and Chenoua
basement is covered by mostly Mesozoic to early Eocene
deposits forming the Djurdjura massif in Great Kabylia
[Coutelle, 1979; Saadallah et al., 1996]. The occurrence of
Eocene inverse flower structures along the southern boundary
of the Kabylian blocks suggests that subduction was here
oblique with a dextral component [Saadallah et al., 1996]. As
a consequence of slab rollback [Jolivet and Faccenna, 2000],
the Algerian basin formed in a back arc position [Roca et al.,
2004]. Extension started probably during the late Oligocene
or early Miocene times [Dewey et al., 1989; Rosenbaum and

Figure 5. Classification of the bathymetry offshore Algiers. Areas with slope angle greater than 4° and
10° are displayed in orange and red, respectively. In areas where the slope angle is lower than 4°, a color‐
scale bar (yellow to blue) shows the bathymetric changes with more details. AR, Algiers Ridge; APB,
Algiers Perched Basin; DPB1 and DPB2, Dellys Perched Basins 1 and 2; KADB, Khayr al Din bank.
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Lister, 2004; Schettino and Turco, 2006]. This is evidenced in
the Grande Kabylies by the occurrence of ductile extension
dated at 25 Ma [Monié et al., 1984; Saadallah and Caby,
1996] followed by the deposition of a detritic series called
“Oligo‐Miocene Kabyle” [Coutelle, 1979] of Late Lutetian to
early Miocene age [Rivière et al., 1977].
[10] In the Algerian basin, evidence for extension is pro-

vided by the occurrence of basement highs highlighted by
seismic sections and interpreted as heads of tilted blocks
[Cope, 2003; Mauffret, 2007]. The opening of the Algerian
basin is associated with the formation of oceanic crust as
evidenced by recent wide‐angle seismic results [Pesquer et
al., 2008]. Shifts of the magnetic anomalies of the Algerian
basin lead to recognize NW–SE strike‐slip faults separating
the Kabylian units into four rigid blocks [Schettino and
Turco, 2006]. A dextral offset of 20 to 48 km along a simi-
lar NW–SE fault has been estimated between Ibiza and
Majorca (Figure 2) [Maillard and Mauffret, 1999; Schettino
and Turco, 2006].

3.2. Collision and Slab Break Off

[11] The Tethyan slab break off is assumed to sign the end
of the Algerian basin spreading [Carminati et al., 1998;
Maury et al., 2000; Rosenbaum and Lister, 2004; Schettino
and Turco, 2006]. Such event is believed to occur during the

Burdigalian (∼20–16 Ma BP) and is evidenced by a change
of chemistry of volcanism along the Algerian margin at
∼19 Ma [Maury et al., 2000].
[12] The collision of Kabylian blocks with Africa is

apparently almost synchronous to slab break off: in Great
Kabylia, collision is associated with the emplacement of
Tellian nappes to the north directly above the Oligo‐Miocene
Kabyle deposits [Bouillin, 1986] and to the south above the
Atlas foreland (Figure 2) [Bracene and Frizon de Lamotte,
2002]. These nappes were next sealed in late Burdigalian
to Tortonian times by marine deposits [Raymond, 1976].
Deformations consistent with a NW–SE direction of short-
ening have been recognized in these Burdigalian to Tortonian
deposits [Glangeaud, 1952; Raymond, 1976; Aïté and
Gélard, 1997]. Near the cities of Dellys and Tizzi Ouzou
(Figure 5), synsedimentary faults compatible with a NNW–
SSE direction of extension are described within Burdigalian
to Serravalian deposits [Aïté and Gélard, 1997]. This obser-
vation suggests a possible period of extension between the
emplacement of the nappes and the onset of the late Miocene
compression.
[13] In the Algerian basin, ocean spreading and postslab

break off period are uneasy to decipher in absence of deep
seismic reflection profiles and/or deep boreholes. The postrift
evolution of the Algerian basin is characterized by the

Figure 6. Seismic section and line drawing of a representative six‐channel seismic line across the
Algerian margin, east of Algiers, off Dellys, crossing the Sebaou canyon on the slope (location in
Figure 3). Vertical scale is in two‐way travel times (TWTTs) in s. Vertical exaggeration is 3× at the
seafloor.
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deposition of a more than 2 km thick Miocene series onlap-
ping and progressively concealing the basement highs [Cope,
2003]. As a consequence, the marked large lateral changes of
thickness of the Miocene deposits induced the formation of
drape anticlines in the Miocene series [Cope, 2003]. In the
deep basin, there is no evidence of Miocene shortening as
observed onland [Cope, 2003; Mauffret, 2007].
[14] The end of the Miocene period was characterized by

the Messinian Salinity Crisis (MSC), which culminated with

a major Mediterranean sea level fall [Ryan and Cita, 1978;
Clauzon, 1996] responsible for the emersion and the erosion
of the upper part of continental margins. In the deep basin,
this event is associated with the deposition of an evaporitic
unit [Hsü et al., 1978]. The Pliocene sea level rise at 5.3 Ma
caused a submergence of the subaerially exposed and eroded
margins. Then, Gilbert deltas prograded into the Messinian
rias [Rubino et al., 2007] (Figure 3). These deposits have
been dated from Early Pliocene time in the Mitidja valley

Figure 7. Four steps of Plio‐Quaternary evolution of Anticline 3 (see Figures 5 and 3 for location) using
“flatten” and “unflatten” functions of Kingdom Suite software. The evolution of the area is characterized
by the formation of a salt anticline prior to the onset of tectonics along Anticline 3. Vertical exaggeration
is 3× at the seafloor.

Figure 8. Seismic section and interpretation of a six‐track seismic line located east of Algiers (location
in Figure 3). Vertical exaggeration is 3× at the seafloor.
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[Yassini, 1975]. In its present‐day position, the transition
between oceanic and continental deposits is located at
∼200 m above the present‐day sea level, suggesting that a
significant uplift occurred since the filling of the Messinian
rias [Rubino et al., 2007].
[15] Within the Plio‐Quaternary unit, compressive

deformations are recognized onshore close to Algiers as
expressed by the folding of the Early Pliocene Mitidja
deposits at its southern boundary and of the Sahel anticline
near the coastline (Figure 3) [Boudiaf, 1996; Meghraoui,
1991]. East of Algiers, deformation is also evidenced by
the eastward migration of the Isser River bed and uplifted
beaches [Boudiaf et al., 1998]. The orientation of Plio‐
Quaternary structures is compatible with a NW–SE direction
of compression, suggesting that there is a continuum between

Tortonian and Plio‐Quaternary strain fields. In the deep
basin, Plio‐Quaternary deformations have also been recog-
nized [Auzende et al., 1972; Déverchère et al., 2005; Domzig
et al., 2006;Mauffret, 2007].We provide below (in sections 4
and 5) further evidence for the development of these peculiar
structures.

3.3. Present‐Day Tectonic Activity of the Study Area

[16] The Algiers area is one of the most seismically active
area of the western Mediterranean domain and is charac-
terized by several earthquakes with magnitude up to Mw 71/2

[Rothé, 1950]. Earthquakes are common both onshore and
offshore. We focus here on two recent earthquakes: the

Figure 9. Seismic section and line drawing of a profile located north of Algiers (location in Figure 3).
Vertical exaggeration is 3× at the seafloor.
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Boumerdès (2003) and the Tipaza (1989) earthquakes
(Figure 3).
[17] The most destructive earthquake of the studied area is

the 2003 Mw 6.9 Boumerdès earthquake located close to the
shoreline [Bounif et al., 2004; Ayadi et al., 2003, 2008].
Evidence for coseismic coastal uplift was observed between
Boumerdès and Dellys with a maximum value of 0.7 ±
0.15 m near Boumerdès [Meghraoui et al., 2004]. Rupture
took place at depths ranging between 5 to 15 km and along a
55 km long south‐dipping thrust, striking about N70°E
[Delouis et al., 2004]. The aftershock sequence was char-
acterized by thrust events between Boumerdès and Dellys
and strike‐slip events west of Boumerdès along a supposed
N100° to N120° vertical structure located near the shoreline
(Figure 3) [Braunmiller and Bernardi, 2005; Ayadi et al.,
2008]. Fourteen years before the Boumerdès earthquake,
the Tipaza event (Ms 5.7) occurred in the western part of the
study area, on 28 October 1989. Its epicenter was located at
the base of the Chenoua massif (Figure 3) close to the
shoreline. The focal mechanism indicates that the rupture
took place on a N60° to N70° trending fault dipping with an
angle of 60° to the south [Meghraoui, 1991; Bounif et al.,
2003]. Coseismic surface breaks consisting of cracks and
fissures with a maximum displacement of 0.07 m have been
mapped on the southern face of the Chenoua massif

[Meghraoui, 1991]. Aftershocks were widely distributed
offshore and displayed an ENE–WSW to NE–SW trend,
reaching depths down to 20 km [e.g., Meghraoui, 1991].

4. Miocene to Quaternary Evolution Onshore
4.1. Sedimentary Evolution East and West of Algiers

[18] Onshore marine sedimentation is documented from
Burdigalian to Tortonian and during Pliocene times. Some
differences are observed east and west of Algiers, espe-
cially regarding the altitude and thickness of the deposits
(Figure 4).
[19] East of Algiers, marine deposits of Miocene age are

recognized between the shoreline and the city of Tizzi Ouzou.
On the basis of micropaleontological and volcanic dating, a
Burdigalian to Serravalian age can be proposed for these
series (Figure 4) [Raymond, 1976; Belanteur et al., 1995].
Near the shoreline, they are 1000 m thick. After a probable
emersion during the Tortonian and Messinian times, sedi-
mentation started again during Pliocene time near the city of
Dellys. In the Tizzi Ouzou basin, Pliocene formations are
absent, suggesting that the last sea transgression in the Tizzi
Ouzou basin occurred during Burdigalian to Serravalian
times.

Figure 11. Line drawing of a 24‐channel seismic reflection profile across the Khair al Din bank, west of
Algiers (location in Figure 3). Age of the formation on seismic section is given by the projection of the
Algiers borehole [Burollet et al., 1978] on the seismic section. Vertical exaggeration is 3× at the seafloor.
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[20] West of Algiers, various sections located near the city
of Menacer provide an overview of the sedimentary series
of the Mitidja valley (Figure 4). Here, the Miocene marine
sedimentation is characterized by strong lateral changes
from one place to another. Near the southern boundary of
the Mitidja valley, Burdigalian to Serravalian deposits form
150 to 300 m thick series [Bonneton, 1977]. Toward the
west, these deposits thin and are absent around the city of
Menacer (Figure 4, see Bonneton [1977] for a comparison).
Here, we note the absence of Langhian and Serravalian
formations. Fourty meters thick Tortonian marls and sand-
stones overlie directly the basement, Burdigalian conglom-
erates and clastic deposits and/or volcanics [Yassini, 1975;
Bellon et al., 1977]. Tortonian deposits are also observed
in the heart of the Algiers Sahel anticline along the
Mazafran section [Yassini, 1975], where they are 350 m
thick. Pliocene marine deposits are recognized in many
places of the Mitidja valley. However, in absence of bore-
hole in the middle of the Mitidja valley, thicknesses are
poorly constrained: a maximum thickness of up to 400 m
has been recognized in the Mazafran section (Figure 4)
[Yassini, 1975].

4.2. Miocene to Present‐Day Structures Onshore

[21] East of Algiers, the Miocene formations are folded: a
20 km wide anticline, called thereafter the Dellys Anticline
(Figure 3), culminates at 600 m height with a N75° trend
and is visible near the coastline, roughly parallel to a similar
scale syncline located around the city of Tizzi Ouzou
(Figure 3) [Raymond, 1976]. South of Tizzi Ouzou, folding
and southward thrusting are inferred from the shift of cover
units [Raymond, 1976] (Figure 3).
[22] Near Dellys, there is no evidence for faulting at the

surface; however, the asymmetry of folds suggests that blind
thrust faults dipping to the south control at least part of the
deformation (Figure 3). Near the Dellys Anticline hinge,
marine sediments of Pliocene age are uplifted up to 300 m.
Assuming a +70 m sea level during Pliocene time, 230 m of
uplift is estimated for the Pliocene to present‐day time span
(Figure 4). Near the shoreline, beach deposits of unknown
age are uplifted of up to 50 m [De Lamothe, 1911; Raymond,
1976], suggesting that uplift was active during recent times.
Immediately to the west, two successive changes of the Isser
bed are related to Plio‐Quaternary tectonics near the shoreline
(Figure 3) [Boudiaf et al., 1998]. Along Anticline 1, the
1000 m thick Miocene formation is now above sea level.
During the Burdigalian and Serravalian time span, sea level
was about 100 m higher than today (Figure 4). This obser-
vation therefore suggests that Miocene formations have
recorded at least 900 m of uplift since their deposition during
Tortonian time. Assuming an age of 11.6 Ma and 2.6 Ma BP
for the top of the Serravalian and of the Piacenzian,
respectively, we calculate similar mean uplifted rates of
0.08 ± 0.02 mm y−1 since the Serravalian and Piacenzian
times for the area east of Algiers.
[23] West of Algiers, Miocene and Pliocene deposits are

also folded. The main structure in this area is the 20 km
wide and 80 km long syncline located beneath the Mitidja
valley (Figure 3). The Mitidja valley consists of a basin

filled by Tortonian, Pliocene and Quaternary deposits which
are hiding the contact between the internal units and the
Tellian domain (Figure 3). This basin is bounded to the
north by the Sahel anticline and to the south by a more
complex structure forming the contact with the Blida Atlas
[Bonneton, 1977].
[24] The Algiers Sahel anticline is a N65° trending and

60 km long anticline that has been extensively studied in the
past [De Lamothe, 1911; Glangeaud, 1952; Meghraoui,
1991; Boudiaf, 1996]. The structure is limited by two
basement massifs: the Chenoua Massif to the west and the
Algiers massif to the east (Figure 5). Between these meta-
morphic bodies, Tortonian to Pliocene deposits are folded.
Asymmetry of the fold and seismicity are compatible with
a north‐dipping blind thrust controlling the growth of the
fold. On the southern boundaries of the Mitidja valley, the
imbrications of Tellian, Miocene and Pliocene units form a
complex structure. There, the folding of the Miocene sedi-
ments ismostly controlled by south‐dipping thrusts [Bonneton,
1977] (Figure 3).
[25] Along the Algiers Sahel Anticline, Pliocene deposits

are 400 m thick and the top of the formation is located at
300 m height (Figure 4). Considering a mean sea level 70 m
higher than today during Pliocene time, an uplift ranging
between 230 and 330 m is calculated along the hinge of the
anticline. Using a Piacenzian age for the youngest deposits
of the Algiers Sahel, a 0.1 ± 0.02 mm y−1 uplift rate is
calculated for the Algiers Sahel anticline since Pliocene
time. Numerous levels of uplifted beach deposits have been
described along the northern flank of the Algiers Sahel
anticline [De Lamothe, 1911; Glangeaud, 1952]. One level,
located at 20 m high, has been dated and is associated to the
MIS 5 Stage which occurred at 135,000 years BP [Stearn
and Thurber, 1965], suggesting that uplift occurred during
recent times. Considering a +5 m high sea level for the
MIS 5 stage, 13 m of uplift and 0.1 ± 0.02 mm y−1 are
inferred since 135,000 years. The age of onset of folding is
difficult to estimate: in map view, changes of Pliocene deposits
are spatially correlated with the orientation and the position of
the anticline hinge, suggesting that the anticline was active
prior to emersion. This interpretation is also compatible with
the occurrence of uplifted beach deposits directly covering the
basement rocks on the Algiers massif at 350 m in elevation.
Here, beach deposits are located around the summit of the
massif, suggesting that these deposits mark the emersion of the
Algiers massif during deformation. Assuming a constant uplift
rate of 0.1 ± 0.02 mm y−1 prior to the emersion of the Sahel
anticline, we propose a 3.5 ± 0.5Ma age for the emersion of the
Algiers massif. However, we cannot conclude if the Algiers
Sahel anticline was active during the Tortonian and the
Messinian in absence of precise estimate of the changes of
thickness of the Tortonian deposits.
[26] Along the southern boundary of the Mitidja valley,

the folding and faulting of the Miocene formations may
have occurred during the Tortonian and/or the Messinian as
the Pliocene deposits are postdating the formation of folding
in many locations [Bonneton, 1977] (Figure 3). Contractional
tectonics are in many places ending during Pliocene time.
However, Pliocene deposits are also folded and deformation is
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associated with south‐dipping thrusts on the eastern side of the
Mitidja Valley near Meftah city [Bonneton, 1977] (Figure 3).
[27] To conclude on the Miocene to present evolution on

land near the shoreline, we observe several similarities and
differences east and west of Algiers. Similarities concern the
timing of the deformation and the deformation rates. Tectonic
styles are also similar as both north‐ and south‐verging
structures occur east and west of Algiers. Differences concern
mostly the position of structures relative to the shoreline: east
of Algiers, uplift along Dellys Anticline is recorded since the
Tortonian, whereas west of Algiers, subsidence is recorded in
the Mitidja Valley during the Tortonian. This observation is
consistent with the difference in the mean vertical height of
the blocks of the Internal Zones: west of Algiers, the Khayr Al
Din bank [Yelles et al., 2009] is mostly under water, whereas
east of Algiers, the basement of the Grande Kabylies is up-
lifted [Boudiaf et al., 1999].

5. Miocene to Quaternary Evolution Offshore
5.1. Overall Physiography

[28] The Algerian margin shows significant morphologi-
cal differences east and west of Algiers. East of Algiers, the
maximum margin width is 20 km with a narrow continental
shelf and a continental slope showing a main N 60–70°
strike and a slope angle greater than 4° (Figure 5). The
continental slope is deeply incised by numerous canyons
and gullies, as for instance the Algiers and the Dellys can-
yons (Figure 5), and marked by seafloor scarps of various
length, width and strike separating small perched basins in a
present water depth range of 1500 to 2500 m [Déverchère et
al., 2005; Domzig et al., 2006; Dan et al., 2009, 2010]. East
of the Algiers canyon, two main perched basins have been
identified [Déverchère et al., 2005]: here, we refer to them
as the Dellys perched basins 1 and 2 (Figure 5).
[29] West of the Algiers canyon, we recognize another

perched basin strongly incised by gullies, called the Algiers
perched basin (Figure 5). The deep basin west of the Algiers
canyon is occupied by the Algiers ridge (Figure 5). West of
Algiers (Figure 5), the width of the continental shelf and the
continental slope is up to 45 km, including awider continental
shelf. In this western area, from east to west, the continental
slope strikes from N140° to N70°. It forms a large submarine
high, named the Khayr al Din bank [Domzig et al., 2006;
Yelles et al., 2009] hereafter referred as KADB (Figure 5).

5.2. Seismic Units East and West of Algiers

[30] Offshore, three main units overlie the acoustic base-
ment. They consist from bottom to top of a pre‐MSC sequence
dating back probably to early Miocene time [e.g., Réhault et
al., 1984; Cope, 2003; Déverchère et al., 2005; Mauffret,
2007], the MSC unit and a Pliocene‐Quaternary unit (PQ)
(Table 1).
[31] In the deep basin, the pre‐MSC unit is characterized

by low‐frequency and low‐amplitude seismic reflections
(Figures 6 and 8 and Table 1). At places, an unconformity is
observed into the pre‐MSC unit near 5.2–5.5 s TWTT: it
separates a lower unit that forms large symmetrical anticli-
nes and an upper unit that seals the anticlines and fills some
subbasins. Following Cope [2003], we interpret these large
and symmetrical anticlines as drape anticlines. On the
MARADJA seismic lines, the base of the pre‐MSC units is
never visible in the deep basin because reflections are visible
down to 5.5 s TWTT at the most, i.e., above the basement top.
According to previous studies, this basement consists of an
high amplitude, chaotic unit (Figure 8) [Roca et al., 2004;
Mauffret, 2007]. Following Cope [2003] and Mauffret
[2007], we infer an Aquitanian to lower Messinian age for
the pre‐MSC unit.
[32] The MSC unit is composed of two different horizons

(Table 1): the upper one is characterized by high‐amplitude
seismic reflectors that contrast with the low‐amplitude
reflections of the base of the Plio‐Quaternary unit. Its
thickness ranges between 0.3 and 0.6 s TWTT (Table 2).
The upper horizon overlies a discontinuous and transparent
layer. The thickness of this transparent layer reaches up to
1.5 s TWTT, but it is absent at places (Table 2). Where the
transparent horizon is thicker, it forms some discontinuous
anticline and dome structures that are per places intrusive
within the Plio‐Quaternary unit. Where the transparent unit
is absent, the upper MSC horizon is directly overlying the
pre‐MSC unit. Seismic unconformities are frequently ob-
served, showing that the upper layer is downlapping the
pre‐MSC unit. The tilting of the upper MSC horizon is in
this case accommodated by normal motion along faults.
Anticlines and domes have been interpreted as diapiric
structures related to the Messinian salt. Normal faulting,
absence of transparent horizon and downlap of the Upper
MSC unit have been interpreted as evidence for salt
migration [Réhault et al., 1984; Gaullier et al., 2000; Sage

Table 1. Main Characteristics and Geometrical Relationships of the Seismic Units of the Algerian Margin and Deep Basin

Main Unit Subunit Seismic Expression Geometrical Characteristics Short Name

PQ unit High‐frequency,
midamplitude reflections

Above MSC, pre‐MSC deposits
and basement

PQ

MSC unit Clastic horizon Chaotic more or less
transparent unit

Complex relationship with other
MSC depositional units

CU

MSC unit Upper MSC horizon High‐frequency,
high‐amplitude reflections

Above MSC mobile horizon,
beneath the Plio‐ Quaternary unit

UU

MSC unit MSC Mobile horizon Transparent unit. Between pre‐MSC unit and
Upper MSC horizon

MU

Pre‐MSC unit Low‐frequency, high
continuity reflections

Beneath MU, above
pre‐MSC deposits

pre‐MSC U

Basement Acoustic basement Beneath pre‐MSC, MSC,
and PQ units

Basement
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et al., 2005; Lofi et al., 2005]. On the continental shelf and
on the upper portion of the continental slope, the MSC unit
depicts lateral changes: at the foot of the continental slope,
it turns into a 0.3 to 0.7 s TWTT chaotic body (Figure 6),
whereas MSC deposits are absent on the continental shelf
(Figures 10 and 11): there, the Plio‐Quaternary unit directly
overlies pre‐MSC unit and unconformities (downlaps and
toplaps) are observed between the two units. Such type of
lateral changes of the MSC deposits has been widely
observed on other Mediterranean margins. It has been
interpreted as the seismic expression of subaerial erosion of
the continental shelf and continental domain, responsible
for deposition of deep detrital fans at the foot of the conti-
nental slope during the MSC [e.g., Sage et al., 2005; Lofi et
al., 2005], occurring most likely during the Messinian
major sea level fall between 5.33 and 5.6 Ma BP [Gautier et
al., 1994].
[33] The Pliocene‐Quaternary unit is characterized by

high‐frequency and mid‐ to low‐amplitude reflections
(Table 1). In the deep basin, the amplitude of seismic
reflectors progressively decreases from the top to the base
of the unit as generally observed in the Mediterranean basin
[e.g., Réhault et al., 1984]. Unit thickness ranges between
0.5 and 1.2 s TWTT (Table 2). On the continental slope and
on the continental shelf, no decrease of amplitude is observed
and thickness ranges between 0 and 1 s TWTT (Table 2). In
the KADB, the Algiers bay and north of Boumerdès, we
recognize a peculiar unit located between a 0 to 50 m thick
Quaternary unit and the acoustic basement on the continental
shelf. This peculiar seismic unit is characterized by seaward
dipping reflectors. The basal contact of this unit is erosive and
toplaps are observed upward, suggesting that its deposition
occurred between two phases of emersion. As this seaward
dipping unit correlates with Pliocene deposits near the
shoreline, we propose that it corresponds to foresets of the
Pliocene Gilbert delta (Figure 11).

5.3. Lateral Variations of the Pre‐MSC Unit

[34] Changes in thickness of sedimentary deposits may be
related to several factors, including the presence of reliefs at
the time of deposition (paleotopography [e.g., Maillard et
al., 2003]). We focus on thickness changes of pre‐MSC
unit together with changes in the depth of its base in order
to recognize topography prior to the MSC. We focus on
2 peculiar zones: the deep basin east of the Algiers ridge
(Figures 6 and 8) and west of Algiers (Figure 12). In these

two areas, the small amount of salt allows to observe pre‐
MSC units.
[35] East of the Algiers ridge, we observe the typical pre‐

MSC unit as described above. Deposits exhibit thickness
and depth to basement variations. Where the basal contact is
visible, pre‐MSC deposits are onlapping the acoustic base-
ment (Figures 6 and 8). This onlap occurs where the acoustic
basement forms topographic highs. Elsewhere, seismic
reflectors can be observed down to ∼1 s TWTT below the
base of the MSC deposits without reaching the basement.
We mapped the position of basement highs using the whole
MARADJA data set: three basement highs are highlighted
(Figure 3). They have an elongated shape trending N70°,
and their size is more that 10 km long and about 3 km wide
(Figure 3). The basement highs are separated from each
other by a 10 to 20 km wide basin that has been filled during
early to middle Miocene times (Figures 5 and 6).
[36] West of Algiers, we do not recognize the pre‐MSC

unit as defined east and north of Algiers: amplitude and
frequency of the reflections rapidly decrease (Figure 12) and
no reflections are observed below 5.25 s TWTT, which
suggests that the MSC unit overlies a strongly reduced pre‐
MSC unit and/or directly the basement and that basement of
the deep basin was in a higher position west of Algiers than
east of Algiers. Toward the north, no basement highs are
inferred from our observations and from published basement
maps [Mauffret, 2007].
[37] Between these two areas (west and east of Algiers

ridge), large amounts of salt form abundant salt domes.
When these domes occur, the pre‐MSC unit is not well
observed. Few observations are possible between the salt
domes. For instance, a pre‐MSC unit similar to the pre‐
MSC unit east of the Algiers ridge has been observed. On
the published basement map from Mauffret [2007], a base-
ment high is also documented below the Algiers ridge,
which suggests that the basement of this area has a similar
structural pattern, i.e., that several basement highs formed
during Miocene time and were filled by Miocene subbasins.
[38] These observations suggest that in the deep basin, the

base of the pre‐MSC unit is strongly irregular prior to the
deposition of the pre‐MSC unit. Following Cope [2003], we
propose that the basement highs located east of Algiers
represent the head of tilted blocks formed during the early
stages of the Algerian basin formation (i.e., rifting). Such
hypothesis is supported by the following three arguments:
(1) basement highs are located where heads of tilted blocks
are supposed to be found, i.e., over the deep Algerian
margin and at the ocean‐continent transition; (2) the peculiar
orientation, spacing (about 15–20 km), and distribution of
the basement highs is similar to the tilted block structural
pattern observed typically in passive margins (e.g., the
Iberia abyssal plain [Krawczyk et al., 1996] or the Ligurian
margin [Rollet et al., 2002]); (3) the basement highs exist
before the MSC, since the pre‐MSC unit onlaps them. This
hypothesis is consistent with a Late Oligocene or early
Miocene age of rifting hypothesized between Iberia and
Kabylies [Schettino and Turco, 2006, and references therein].
West of Algiers, the occurrence of one large basement high

Table 2. Depth of the Base and Thickness of the Pre‐MSC, MSC
and PQ Units East, North, and West of Algiers

Number

Seismic Units in the Deep Basin (s TWTT)

East of Algiers North of Algiers West of Algiers

PQ unit
Depth 3.5–4.5 4.0–5.0 3.5–4.5
Thickness 0.6–1.0 0.0–1.4 0.2–0.6

MSC unit
Depth 4.4–4.8 5.0–5.4 4.0–4.8
Thickness 0.2–0.6 0.2–1.4 0.2–0.4
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in the deep basin suggests that the tilted block size is changing
or that extension is taken up elsewhere.

5.4. Early Pliocene Morphology of the Margin

[39] We focus here on thickness changes of MSC unit
together with changes of the depth of its base in order to
recognize topography prior to Pliocene time and the location
of Pliocene and Pleistocene vertical displacements. We focus
on 3 peculiar zones: the deep basin east and north of Algiers,
the deep basin west of Algiers, and the KADB.
[40] East of Algiers, at many locations on the seismic

lines, we observe the occurrence of a MSC chaotic body
near the foot of the continental slope (Figure 6) [Déverchère
et al., 2005]. In other places of the western Mediterranean
basin, a chaotic unit has been identified in a similar
position relative to the continental slope [Sage et al., 2005,
Lofi et al., 2005]. This observation suggests that the foot of
the continental slope of the Algerian margin has not been
strongly uplifted and deformed since the MSC. In the deep
basin, we recognize the following succession: basement,
pre‐MSC unit, MSC unit and Plio‐Quaternary (Figures 6
and 8). The depth of base of the Plio‐Quaternary and
MSC units range between 3.5 and 5.0 s TWTT and 4.4 and
5.5 s TWTT, respectively (Figure 13). Thicknes of the Plio‐
Quaternary and MSC units ranges between and 0.0–1.4 and
0.2–1.4 s TWTT, respectively (Figure 13). For each unit, we
observe lateral changes of depths and thicknesses: depth and
thickness variability increases toward the west. The increase
in thickness variability is related to a large abundance of salt
in the MSC unit forming salt domes that in some places
reach the seafloor. The large abundance of salt can be

explained by (1) a Messinian paleobathymetric low, leading
to accumulation of salt and then thickening of the MSC unit
and/or (2) a Plio‐Quaternary relative subsidence leading to
salt migration and accumulation north of Algiers. We pro-
pend toward the second hypothesis because of evidence of
salt migration at the boundary from east to west (Figure 9),
and the constant thickness of the pre‐MSC unit. Salt dia-
pirism is also still active today, as examplified by salt walls
outcropping on the seafloor [Déverchère et al., 2005; Dan et
al., 2010]. Thus, we propose that the depth and thickness
changes within the area east of Algiers are related to a rel-
ative uplift of the deep basin during the Plio‐Quaternary.
[41] West of Algiers, the KADB consists of a large con-

tinental shelf, separated from the deep basin by an E–W‐
striking steep continental slope (Figure 5). A borehole has
been drilled during the 70s at 10 km from the shoreline
[Burollet et al., 1978]. A 50 m thick PQ unit directly covers
lower Messinian, to Langhian continuous series. Thicknesses
are 150 m, 300 m and 400 m for the lower Messinian, the
Tortonian and the Serravalian, respectively [Burollet et al.,
1978] (Figure 11). Microfauna associations indicate an out-
er shelf deposition environment for the Miocene deposits
[Burollet et al., 1978]. Seismic lines on the bank across strike
show that the depth of the erosion surface between the Plio‐
Quaternary and the pre‐MSC units is progressively increas-
ing toward the North (Figure 11), and that the thickness of the
Plio‐Quaternary unit increases up to 0.8 s TWTT. Where the
MSC erosion surface reaches a depth of 2 s TWTT, the
chaotic MSC unit appears downslope between pre‐MSC and
Plio‐Quaternary units. These observations are strong argu-
ments for the emersion of a part of the KADB during theMSC

Figure 12. Line drawing of a representative six‐channel seismic profile parallel to the Algerian margin,
crossing the seaward continuation of the Thenia fault offshore (location in Figure 3). Vertical exagger-
ation is 3× at the seafloor.
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Figure 13. Depth and thickness of the PQ and MSC units in the Algiers area. Grid has been calculated
using the whole MARADJA seismic survey and interpolated using the Kingdom Suite software.
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(Figures 10 and 11) [Domzig et al., 2006; Yelles et al., 2009].
At its maximum depth, the erosion surface is at about 1500 m
under present‐day sea level (Figure 10), in good agreement
with the ∼1500m of sea level fall proposed for theMSC event
[e.g., Clauzon, 1996]. This suggests that the middle part of
the KADB does not record uplift or subsidence greater
than 200 or 300 m (Figure 10). In addition, the outer shelf
deposition environment for the Miocene deposits suggests
that the KADB is a topographic high at least since middle
Miocene time. Based on these arguments, we propose that the
KADB represents the offshore continuation of Kabylian
continental units as expressed onshore by the Cherchell and
Algiers massifs (Figure 3) [Domzig et al., 2006, Yelles et al.,
2009].
[42] In the deep basin, the depth of the base of the Plio‐

Quaternary and MSC units ranges between 3.5 and 4.5 s
TWTT and 4.0–4.8 s TWTT, respectively. Thicknesses
range between 0.2 and 0.6 s TWTT and 0.2–0.4s TWTT.
Depths and thicknesses increase from the continental slope
to the north. The MSC unit is characterized by poor abun-
dance of salt (Figure 12). The absence of the pre‐MSC unit
together with the reduced thickness of the Plio‐Quaternary
and MSC unit argues in favor of a relatively higher position
of the basement in the deep basin and north of the KADB
than further east. Such high position of the basement is
documented since at least the Miocene period.
[43] The transition between the KADB and the deep basin

North of the KADB consists of a 2000 m high topographic
scarp following a W–E trend (Figure 10). Lateral changes in
the MSC unit and in the pre‐MSC formations [Burollet et
al., 1978] suggest that this scarp has existed since Mio-
cene time. We propose that such a scarp represents a normal
fault surface active during the opening of the Algerian basin.

5.5. Plio‐Quaternary Tectonic Structures

[44] Since the bathymetric and seismic acquisition of the
MARADJA surveys in 2003 and 2005, compressive struc-
tures have been described in many locations of the Algerian
margin [Déverchère et al., 2005; Domzig et al., 2006;
Kherroubi et al., 2009; Yelles et al., 2009]. As in other parts
of the Mediterranean basins, Plio‐Quaternary deposits are
strongly affected by salt tectonics (see Figures 5, 6, and 9 for
instance). In the Algerian basin, salt tectonics complicates
the recognition of structures related to the shortening of the
margin as in most cases it does not only predate but is also
synchronous with regional shortening (Figures 6 and 7). To
avoid the problem of salt tectonics, previous authors focused
on offsets of theMSC unit base. Unfortunately, this method is
not suitable to determine precisely the onset of tectonics, as
the considered reflections predate this onset. Below, we focus
on the recognition of the reflections contemporaneous with
salt tectonics andwith regional shortening in order to estimate
the relative timing of the deformation across the Algerian
margin and the amount of shortening (Figure 7).
[45] East and north of Algiers, tectonics has been

described on the continental slope and in the deep basin
[Déverchère et al., 2005]. On the continental shelf, there are
no fault‐scale deformations affecting the most recent layers
[Déverchère et al., 2010]. These deposits are about 30 m

thick, and late Quaternary age has been proposed on the
basis of microfauna associations. Below this unit, we rec-
ognize seaward dipping reflections compatible with foresets
of Pliocene Gilbert deltas. The dip of the horizon is constant,
suggesting that no deformation affects the Pliocene deposits.
On the continental slope and in the deep basin, we recognize
most of the Plio‐Quaternary tectonic structures. Above most
of the perched basins DPB1 and DPB2 (Figure 5), struc-
tures are poorly imaged because of the steep bathymetric
slope, and compressive structures are difficult to highlight
(Figures 5, 6, and 9). On several seismic profiles, we
observe the folding of MSC chaotic unit over DPB 1
(Figure 6) [Déverchère et al., 2005]. At the foot of the
continental slope and in the deep basin, in agreement with
Déverchère et al. [2005] and Domzig et al. [2006], we
recognize at least 6 anticlines on the MARADJA seismic
survey (Figure 3). In order to constrain orientation and
extent of each anticline, we use simultaneously seismic
sections and isochron maps of the MSC unit base. East of
the Algiers ridge (Figure 5), anticline lengths range between
16 and 42 km, and their trend is relatively constant between
N60° and N70° (see Anticlines 1, 2, 3, 4, on Figure 3). North
of the Algiers ridge, anticlines 5 and 6 are 20 and 40 km long
and trend N80° to N100° (Figure 3). For all these structures,
the asymmetry of the folds suggests that deformation is
related to south‐dipping reverse faulting at depth [Déverchère
et al., 2005].
[46] We recognize reflections associated with the onset of

tectonics on Anticlines 1, 2, 3, 5, 6. For all these folds, we
observe that deformation started during the Plio‐Quaternary
(Figures 6 and 8). In absence of better time constraints
within the Plio‐Quaternary units, no more precise time
inferences are proposed.
[47] West of Algiers (Figure 10), recent deformation has

been recognized on the continental shelf (i.e., KADB) and in
the deep basin [Domzig et al., 2006]. On the top of the
KADB, the Plio‐Quaternary unit covers the foresets of the
Pliocene Gilbert delta, and Miocene deposits are locally
evidenced (Algiers borehole [Burollet et al., 1978]). Because
foresets of the Pliocene Gilbert delta are present on some
seismic sections (Figure 11) and absent on other ones
(Figure 10), we propose that these deposits are discontinuous
and are filling Messinian canyons. The Miocene unit forms
an anticline near the edge of the continental shelf (Anticline 7
on Figure 11): on its northern flank, growth strata argue in
favor of a tectonic activity prior to the MSC, whereas Plio‐
Quaternary deposits are folded along the southern flank,
suggesting that anticline growth has continued during Plio‐
Quaternary times. Another fold, 20 km long and striking
N45°, is located at the top of the continental shelf further west
(Anticline 8 on Figure 10): since growth strata developed
within the upper unit, this structure is of Plio‐Quaternary
age (Figure 10) [Domzig et al., 2006; Yelles et al., 2009].
Asymmetry of the fold on the continental shelf argues for a
north‐dipping blind thrust. A third Pliocene‐Pleistocene fold
follows the foot of the KADB: this is a 80 km long asym-
metric fold oriented N70°–N90° (Anticline 9 on Figure 10),
consistent with a blind south‐dipping thrust at depth [Domzig
et al., 2006; Yelles et al., 2009]. No additional compressive
structures are observed further north in the deep basin, neither
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in our data set nor on other published data sets [Mauffret,
2007]. The onset of tectonic folding at Anticlines 8 and 9
takes place during the Pliocene‐Pleistocene period, after the
deposition of an isopach layer at the base of the Pliocene‐
Pleistocene period (Figure 7). The relative timing of the
deformation in the KADB and at the foot of the slope is
unfortunately impossible to estimate, because of the lack
of depositional continuity on the steep continental slope
(Figure 10).

6. Discussion
6.1. Relationships Between Recent and Preexisting
Tectonic Structures

[48] Along the foot of the Algerian margin and in the deep
basin, the distribution of the Pliocene‐Pleistocene deforma-
tions appears generally closely related to pre‐MSC struc-
tures: continental slope and basement discontinuities of the
so‐called transitional crust seem to focus the deformation
and to be responsible for changes in the tectonic style. Two
main locations of tectonic structures are evidenced:
[49] 1. The first is the foot of the continental slope.

Anticlines 1, 5 and 9 are located at the Algerian basin
boundary (Figure 3). This fact suggests that the basin limits,
directly inherited from the basin formation during lower
Miocene time, play an important role on strain focusing.
[50] 2. The second is the deep basin. In the part of the

Algerian basin located east of Algiers, we recognize three
basement highs which are proved to exist prior to recent
folding. There is clearly a good concordance in the position
of deep basement highs and Pliocene‐Pleistocene structures
(Figures 3, 6, and 8). Below Anticline 5, the lack of pene-
tration of our seismic lines prevents us from any observation
of the basement highs (Figures 3 and 9). However, basement
highs are also documented below Anticline 6 on published
basement map of the Algerian basin [Mauffret, 2007].
[51] West of Algiers, the large‐scale basement high located

in the deep basin is associated with a deformation pattern
different from the one found east of Algiers (Anticline 9 in
Figure 3): only one fold takes place at the foot of the conti-
nental slope. Here, the thick and large basement high seems to
prevent deformation within the deep basin.
[52] The association between the location of basement

highs and Pliocene‐Pleistocene tectonic structures in the
deep Algerian basin suggests that the Algerian rifted margin
underwent a tectonic inversion within a roughly N–S com-
pressional regime. The basements highs of the deep Algerian
margin extend within the ocean‐continent transitional crust
[Roca et al., 2004]. The pattern of alternating basin highs and
lows is commonly found elsewhere along continental mar-
gins depicting stretched continental crusts, as for instance off
Galicia [e.g., Krawczyk et al., 1996; Peron‐Pinvidic et al.,
2008, and references therein], which are born before conti-
nental breakup. On the Algerian margin, basement highs
originated 25 Ma BP in an extensional regime, as testified by
the presence of tilted blocks and large normal faults, and were
later reactivated within the Plio‐Quaternary compressional
stress field.
[53] Blind thrust faults located at the foot of the Algerian

continental slope and in the deep basin dip toward the

south: this dip is supported by the asymmetry of Pliocene‐
Pleistocene folds and also by the dip of the rupture plane
of the 2003 Boumerdès earthquake [Delouis et al., 2004].
As early Miocene normal faults dip toward the deep basin,
preexisting normal faults themselves are not inverted.
Since “new,” south‐dipping blind thrust faults take place
at the foot of basement highs, we infer that their position is
controlled either by more favorably oriented structures
inherited from rifting [Krawczyk et al., 1996] or by lateral
changes in body forces which occur at the contact between
the basement highs and lows. Because the nature of the
basement is unknown, we have no way to check whether
deformation is localized in a zone of possible exhumed
continental mantle, as found in the west Iberia margin
[Peron‐Pinvidic et al., 2008], which is supposed to rep-
resent the weakest part in magma‐poor margins. However,
our case is different in the sense that deformation struc-
tures obviously correlate with basement domains of the
lower, middle, and upper parts of the margin: this obser-
vation suggests that exhumed continental mantle may not
exist off Algeria.

6.2. Origin and Significance of the Transition Between
East and West of Algiers

[54] The present study highlights sharp differences between
two adjacent parts of the Algerian margin. Offshore, these
differences are as follows: (1) the size of the continental shelf,
which is strongly reduced east of Algiers whereas it is wide
west of Algiers (Figures 3 and 5); (2) the position of the Plio‐
Quaternary compressive structures in the deep basin: the
deformation is widely extending in the deep basin east of
Algiers whereas it is limited to a unique fold west of Algiers
(Figures 3, 6, and 10); (3) the thickness of the pre‐MSC,MSC
and Plio‐Quaternary units: they are thinner west of KADB,
suggesting that the seafloor was higher since at least the
deposition of the pre‐MSC unit (Figures 6, 8, 12, and 13); and
(4) the Oligo‐Miocene structure of the margin: it has been
demonstrated that the Plio‐Quaternary deformation pattern is
controlled by structures inherited from the basin opening.
Thus, changes of the deformation pattern are reflecting
changes of the Oligo‐Miocene structure of the margin
(Figure 3). Onshore, differences are observed regarding
(1) the present‐day morphology: reliefs are located east of
Algiers with more than 2000 m high mountains whereas
small reliefs are observed west of Algiers (Figure 3), and
(2) the uplift history: sedimentary series record evidence for
a 1000 m uplift during the Tortonian, whereas no uplift is
recorded during the same period west of Algiers (Figure 4).
[55] The boundary between these two domains is oriented

N120° and follows from SE to NW the western boundary of
the Grande Kabylies, crosses the shore at Cape Matifou and
underlines the eastern boundary of the KADB (Figure 3). In
the deep basin, this boundary has no morphologic expres-
sion but a similar N120° trend is observed on the map of the
Plio‐Quaternary and MSC units (Figure 13). On both sides
of the boundary, we observe an offset of several tens of
kilometers (1) of the northern boundary of the Kabylian
blocks: it follows the shoreline east of Algiers and is located
45 km north of the shoreline west of Algiers (Figure 3), and
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(2) of the southern boundary of the Kabylian blocks: the
Djurdjura units is located 50 km south of the shore line east
of Algiers and at less that 10 km from the shore line in the
Chenoua massif (Figure 2). These observations strongly
suggest that this N120° boundary represents a previous
strike‐slip fault zone responsible for several tens of kilo-
meters dextral offset. The timing of fault motion is con-
strained by the youngest age of Djurdjura massif deposits
that are affected by dextral offsets and the age of the oldest
deposits that are not affected by dextral offset [Saadallah et
al., 1996]. This limits the time lapse for dextral offset
between Eocene and the Burdigalian times, i.e., during the
time lapse ranging from Tethysian subduction and Algerian
basin opening to the Kabylian collision [Rosenbaum and
Lister, 2004; Schettino and Turco, 2006].
[56] On the basis of the map of magnetic anomalies of the

Algerian basin, it has been proposed that several N120°
dextral strike‐slip faults were associated with the opening of
the Algerian basin and the drifting of the Kabylian block to
the south [Schettino and Turco, 2006] (Figure 2). We pro-
pose that these oceanic discontinuities can be followed from
the deep Algerian basin through the Algerian margin and
onshore up to the western limit of the Grande Kabylies
block (Figure 3). The dextral motion of this fault then
occurred during the opening of the Algerian basin and
probably stopped at the time of collision, i.e., ∼19 Ma ago.

6.3. Present‐Day Importance and Activity of the N120°
Boundary

[57] Whether or not the N120° boundary between the
KADB and the offshore domain off Boumerdès‐Algiers is
still active today is debated [Mauffret et al., 1987; Mauffret,
2007; Déverchère et al., 2005; Yelles et al., 2009]. From
subsurface morphology on the eastern flank of the KADB,
Yelles et al. [2009] have proposed that this transition
represents today a wide relay zone which progressively ac-
commodates the relative movements between the Boumerdes‐
Zemmouri fault zone and the Khayr al Din main fault. In this
study, we show that the N120° structural boundary (Figures 3
and 4) underlines a major change in the Plio‐Quaternary
tectonic style along the Algerian margin. Here, we discuss
further evidence on the role of this boundary. First, coseismic
and postseismic deformations associated with the 2003
Boumerdès earthquake suggests a control by this inherited
structure: indeed, it has been observed that the coseismic
rupture and coseismic shoreline uplift related to this event are
limited to the eastern side of the Thenia fault [Ayadi et al.,
2008]. Furthermore, a strong decrease of the shoreline uplift
occurred across the N120° boundary, as 0.70±0.15m of costal
uplift was observed in the city of Boumerdès and no costal
uplift occurred 3 km further west. Second, when looking at
the aftershock sequence, the following changes are observed
related to the N120° boundary: (1) east of the N120° boundary,
aftershocks are located around the shore line or at sea and
correspond to thrusting events along a south‐dipping fault
[Braunmiller and Bernardi, 2005; Ayadi et al., 2008];
(2) west of the N120° boundary, aftershocks correspond to
thrusting events along a nearly vertical fault zone between 4
and 14 km depth, and most epicenters are located onshore

and follow the southern boundary of the Mitidja valley; and
(3) on the N120° boundary itself, aftershocks are mostly
left lateral strike‐slip events [Braunmiller and Bernardi,
2005; Ayadi et al., 2008].
[58] Because lateral changes of coseismic and postseismic

deformations coincide with the position of the inherited
N120° boundary, we propose that this preexisting structure
inherited from the opening of the Algerian basin plays a key
role on the distribution of seismic and postseismic deforma-
tion: indeed, left lateral strike‐slip events along the N120°
boundary are accommodating the differential (northwest-
ward) motion of the eastern blocks relative to the western
blocks, in a sense opposite to the motion of this structure
during the opening of the Algerian basin (see section 6.2).
Whether or not this limit may rupture along all its length
during a single event, thus increasing the level of seismic
hazards, remains unclear and requires further investigations.

6.4. Implication for Tectonics at the Africa‐Europe
Boundary and Subduction Inception

[59] The first argument in favor of subduction inception
along the Algerian margin was the discovery of a down-
warping of recent sedimentary layers at the foot of the
central and eastern Algerian margin [Auzende et al., 1972].
However, no direct evidence for reverse faulting at the
seafloor has been found [Mauffret et al., 1992; Domzig et
al., 2006]. Déverchère et al. [2005] report for the first
time blind reverse structures along the central Algerian
margin and propose that these reverse faulting marks the
onset of underthrusting of the Neogene oceanic crust. There
are at least the following three arguments for a subduction
inception north of central Algeria:
[60] 1. Downwarping of the pre‐Pliocene sediments in a

∼50 km wide strip along the foot of the Algerian margin
[Auzende et al., 1972] associated to a systematic negative
gravity anomaly [Auzende et al., 1975] are important sin-
gularities of this margin in the western Mediterranean sea.
Actually, following Auzende et al. [1972], we verify that
there is no evidence for the formation of a bathymetric trench
at this place, suggesting that the formation of uplifted basins
and continuous deposition of sediments counterbalance this
local subsidence.
[61] 2. Reverse structures are dominantly located at the

foot of the continental slope and are dipping to the south
[Déverchère et al., 2005; Domzig et al., 2006; Kherroubi et
al., 2009; Yelles et al., 2009], in agreement with results of
analog experiments on subduction inception [Faccenna et
al., 1999; Mart et al., 2005].
[62] 3. Uplift of the continent is observed along the coastal

domain [De Lamothe, 1911; Meghraoui, 1991; Boudiaf,
1996], in good agreement with continental uplift observed
in similar contexts (e.g., New Zealand [House et al., 2002])
or in numerical modeling during initiation of subduction
[Gurnis et al., 2004].
[63] However, the geometry of the southward‐dipping

fold and thrust system identified at the foot of the central and
eastern Algerian margin [Déverchère et al., 2005; Domzig et
al., 2006; Kherroubi et al., 2009; Yelles‐Chaouche et al.,
2009; Yelles et al., 2009] invalidates a model of an almost
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continuous active fault system running from the Gibraltar
strait up to the Sardinia Channel, as proposed by Mauffret
[2007]. Instead, we evidence a series of discontinuous
reverse segments separated by transcurrent zones whose
activity in the present‐day stress field is questionable, sug-
gesting that the process of subduction is still in an immature
stage. This result is important because it allows to propose an
upper bound to the maximum earthquake size expected to
occur on this fault system: if we hypothesize that the shifts
between major fault segments are large enough (more than
4 km) to prevent the rupture from propagating through these
steps [Elliott et al., 2009, and references therein], a maximum
magnitude of Mw ∼7.3 is proposed for the largest fault of
this system, namely the ∼80 km long Khayr Al Din fault
(Anticline 9, Figure 3) [Yelles et al., 2009]. This result is in
good agreement with the historical seismicity of northern
Algeria [Rothé, 1950]. It is also worth noting that compres-
sive deformation is found to propagate significantly in
the deep basin only in the studied area east of Algiers
(Boumerdès area [Déverchère et al., 2005], Figure 13),
forming at least three successive flat and blind thrust ramps:
this observation suggests that the subduction inception
process is more advanced in this area than in the area west
of Algiers.
[64] In the Alboran sea, the oceanic domain of the Algerian

basin turns to a stretched continental lithosphere [Booth‐Rea
et al., 2007, and reference therein]: here, the Plio‐Quaternary
and active tectonics is dominated by strike‐slip faulting
[Mauffret et al., 1992; Stich et al., 2006; Fernandez‐Ibañez et
al., 2007, and references therin]. West of our studied area,
between Oran and Tenes, there is no clear and undoubtful
evidence for the development of compressive structures and
of subsequent subduction inception at the foot of the Algerian
margin [Domzig et al., 2006]. Thus, there is no continuity of
the offshore compressive deformation between the subduc-
tion inception zone located north of Algeria and the Alboran
Sea. Relying on the regional seismicity [Stich et al., 2006;
Serpelloni et al., 2007], we propose that the convergence
between the European and African plates in this area is
mostly accommodated both in the Betic belt and in the Tell
domain.
[65] North of Sicily, there is also evidence for shortening

between the Aeolians Islands and Sicily [Serpelloni et al.,
2005], suggesting the inception of a subduction below the
north Sicilian margin [Billi et al., 2007]. Between approx-
imatively 100 km east of the city of Annaba and western
Sicily (Figure 1), African and European continental litho-
spheres are in contact: there, the northward motion of the
African plate is probably accommodated by a dextral strike
slip zone located in the strait of Sicily and in the Tunisian‐
Pelagian Plateau, as evidenced by geologic structures
[Jongsma et al., 1985, Catalano et al., 2008] and geodesy
[Serpelloni et al., 2007]. In this context, the onset of sub-
duction north of Sicily cannot be directly related to the onset
of subduction north of Algeria, as there is no continuity of
the oceanic lithosphere between Tyrrhenian and Algerian
basins.
[66] We conclude that the oceanic domain of the Algerian

basin could start to be subducted below the African plate
between 1°E and 8.5°E, i.e., along a ∼650 km long portion

of the Algerian margin (Figure 1). We also emphasize that
the onset of the contractional deformation located at the
foot of the continental margin remains poorly constrained:
it appears generally to have occurred during the Plio‐
Quaternary time period; however, some structures may
have started to develop prior to the Messinian Salinity
Crisis. Whatever the timing of subduction inception, this
process is active today at rates lower than 2 mm y−1

[Serpelloni et al., 2007]. Recently, Kherroubi et al. [2009]
have proposed an increase of the tectonic activity from
west to east along the Algerian margin from a comparison
between the Algiers and Annaba regions, the latter being
assumed to undergo a more recent tectonic deformation
(since about 1 Ma) and at a faster rate (about 3 times) than
near Algiers, which suggests some diachroneity of this
process. Note that the onset of the south‐dipping thrust
system at the northern limit of the Maghrebian orogenic
wedge off northern Sicily is assumed to be even younger
(500–700 kyrs [Goes et al., 2004]), suggesting different
evolutionary stages of the Algerian and South Tyrrhenian
margins. However, these differences from one area to
another are only locally recognized and remain hardly
possible to quantify. It is therefore difficult to compare
accurately the timing of shortening in the entire northern
margin of Africa.

7. Conclusion
[67] The Algerian rifted margin formed during early

Miocene time in a context of back arc extension. The
Algerian basin opening occurred until ∼15 Ma and predates
the onset of compression related to the closure of the Tethyan
ocean and the growth of the Maghrebian orogen. The con-
tinuous Europe‐Africa convergence is responsible for a pro-
gressive migration of the plate limit from the late Miocene,
north‐dipping suture zone on land, to a Plio‐Quaternary,
south‐dipping fault system located at the foot of the margin in
central and eastern Algeria, suggesting the initiation of sub-
duction of the Neogene oceanic lithosphere. In the Algiers
area, inversion of the Algerian margin is marked by the
folding of the Pliocene‐Pleistocene sequences, leading to the
formation of young reliefs and the birth and growth of active
fault‐related folds both onshore (Algiers and Sahel‐Tipaza
areas, limit Atlas‐Tell) and offshore. The deformation pattern
is strongly controlled by preexisting structures such as the
continent‐ocean main boundary and basement highs within
the deep basin. During margin inversion, Miocene normal
faults were not reactivated in compression; instead, newly
formed, south‐dipping blind thrusts appeared (1) within the
continental margin, (2) at the foot of the continental slope,
and (3) at the northern ends of basement highs interpreted as
stretched continental blocks of the rifted margin.
[68] We describe also strong lateral changes in the style of

contractional tectonics along the margin: blind thrusts are
located both onshore and offshore and are dipping to the
southeast of Algiers whereas conjugated blind thrusts are
dipping both to the north and to the southwest of Algiers.
Change of the tectonic style is controlled by the presence of
a transform fault inherited from the Algerian basin spreading
and oriented N120°. Such an inherited structure plays also
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an important role on the distribution of seismic and post-
seismic deformation and also determines a major disconti-
nuity in the trace of the fault system which ultimately
controls the earthquake size, assumed to reach magnitudes
of ∼7.3. A similar structural control is apparent in the
geometry of the fault system along northern Algeria, both
offshore [Domzig et al., 2006; Yelles‐Chaouche et al., 2009;
Kherroubi et al., 2009] and onshore [Bouillin, 1992]. The
Algerian margin appears to undergo a process of subduction

inception only in its central and eastern parts. This process is
likely to occur in similar way and position in the southern
Tyrrhenian Sea.
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