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Eurasia Convergence in Northern Algeria: Paleomagnetic
Evidence From the Mitidja Basin
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!C.R.A.A.G., Bouzaréah, Alger, Algeria, 2Palle’omagne’tisme, Institut de Physique du Globe de Paris, Sorbonne Paris Cité,
Univ Paris and UMR 7154 CNRS, 4 avenue de Neptune, Saint-Maur, France, 3Sismologie, Ecole et Observatoire des
Sciences de la Terre, Univ. Strasbourg and UMR 7516 CNRS, 5 rue René Descartes, Strasbourg cedex, France

Abstract Significant tectonic clockwise rotations were evidenced in the Tell Atlas (Neogene Algerian
Cheliff basin) by previous paleomagnetic studies. For northwestern Africa and in the context of the Africa-
Eurasia convergence, they provided a new argument validating a kinematic model, based on transpression
with shortening accommodated by clockwise block rotations. To corroborate this deformation pattern at a
larger scale, new paleomagnetic studies were performed on 349 cores in the Mitidja basin, of Mio-Plio-
Quaternary age, in the Algerian Tell Atlas. This intramontaneous basin is structured by two regional major E-
W to WNW-ESE dextral shear zones. Primary magnetization data were obtained in 43 out of the 49 sampled
sites. This magnetization is carried by Ti-poor titanomagnetite. Its direction shows that significant tectonic
block rotations affected this basin since 16 Ma. Zones located between the E-W and WNW-ESE major
structures are affected by coherent clockwise rotations (average magnitude of 48°) of large blocks,
compartmented by presently associated sinistral NE-SW faults. Along the shearing structures, smaller blocks,
resulting from the fragmentation of the large blocks, show various rotations, many of which are of large
magnitude. These rotations, similar to those highlighted previously in the Cheliff basin, are interpreted as
resulting from bookshelf, consequence of the Africa-Eurasia plates convergence in the Tell Atlas.

1. Introduction

It is well known that the crustal deformation in the North African margin is related to the Africa-Eurasia
plate convergence. This convergence began during the Late Cretaceous (Dewey et al., 1989; Le Pichon
et al., 1988; Ricou, 1994) and pursues up to the present time, causing seismic activity, particularly along
the Africa-Eurasia plate boundary in the Tell Atlas of Algeria (see Meghraoui, 2018, and references herein).
The Tell Atlas experienced large and destructive earthquakes, for example, the 10 October 1980, El-Asnam
Ms 7.3 (Ouyed et al., 1981) and the 21 May 2003 Zemmouri Mw 6.8 (Ayadi et al., 2003) earthquakes being
among the largest recent seismic events recorded in the western Mediterranean.

A counterclockwise rotation of Africa with respect to Eurasia since Late Cretaceous was established from
magnetic anomaly studies in the Atlantic Ocean (Dewey et al., 1989; Mazzoli & Helman, 1994;
Rosenbaum et al., 2002, and references therein). The oblique plate convergence resulting from this counter-
clockwise rotation of Africa created a tectonic transpression with N-S to NNW-SSE shortening direction
(Mauffret, 2007; Morel & Meghraoui, 1996).

Geodetic models using GPS (Nocquet, 2012; Nocquet & Calais, 2004; Serpelloni et al., 2007) support Africa-
Eurasia plate convergence as well as the associated transpression tectonic system for the recent times. The
stress inversion of the largest-magnitude earthquake focal mechanisms in the western Tell Atlas shows a
compressive tectonic regime (RO = 2.43 + 0.21, with SHmax N147°E + 9.4°; Soumaya et al., 2018).
Moreover, the focal mechanism solutions of almost all the earthquakes (Ousadou et al., 2014; Soumaya
et al., 2018) provide NW and NE trending focal planes suggesting their reactivation and role in directional
control of the regional tectonic pattern. These main tectonic structures confirm that this segment of the plate
boundary is a transpressive deformed margin, where active NW trending dextral and NE reverse and sinis-
tral faults are controlled by a first-order E-W right-lateral transcurrent fault system of the Western Tell
(Meghraoui et al., 1996; Meghraoui & Pondrelli, 2012).
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Figure 1. Geological map of the Mitidja basin and location of the sampling sites. Sequence 1 between 16 and 15 Ma and Sequence 2 between 13 and 11 Ma. Red
arrows show the velocity field in a Eurasia fixed reference frame (Nocquet, 2012).

Based on structural and seismological data, it was suggested that the NE-SW left-lateral and the E-W right-
lateral faults can accommodate the NNE-SSW convergence through clockwise rotation of large blocks
(Meghraoui & Pondrelli, 2012). Thomas (1985), Meghraoui et al. (1986), and Mauffret et al. (1987) high-
lighted NE-SW trending active fault-related folds upon E-W trending deep-seated dextral faults in the Tell
Atlas and along its northern margin (see Figure 1 in Meghraoui & Pondrelli, 2012). This tectonic system
favored the division of northern Algeria into several NE-SW-oriented tectonics blocks. Regarding the
NNW-SSE transpression of plate convergence, the tectonic context must infer block rotations as suggested
by Meghraoui et al. (1996) and Meghraoui and Pondrelli (2012) in a “bookshelf” kinematic model. The defor-
mation pattern, involving clockwise block rotations in northern Algeria, is supported by the paleomagnetic
results obtained on Late Cenozoic rocks in the Chellif basin (Aifa et al., 1992; Derder et al., 2011, 2013) and
Oran volcanic provinces (Figure 1), in the vicinity of Oran and Tafna basins (Derder et al., 2018). These pre-
vious works pointed out tectonic rotations from large to small size blocks.

This paper addresses the quantification of the block rotations in relation with the movements along the main
faults crossing the Mitidja basin adjacent to the Chellif basin (Figure 1). This should allow construction and assess-
ment of the dynamic evolution of the North Africa border in the context of the Africa-Eurasia active plate conver-
gence. Miocene volcanic rocks have been mainly selected for a paleomagnetic study that represents an efficient
and reliable approach to highlight eventual tectonic rotations. Magnetic fabric of the “Thenia” Miocene granodior-
ite (Figure 1), intruded in a key position along one of the major faults affecting the basin, has been analyzed in
order to obtain information about the stress field during the pluton emplacement.

2. Geological Setting

The Tell Atlas thrust belt results from the plate convergence (present rate about 4 to 6 mm/yr) of Africa
toward Eurasia (Nocquet, 2012; Nocquet & Calais, 2004; Serpelloni et al., 2007). The Algerian Mitidja basin
(Figure 1), one of the most seismically active area in northern Africa, belongs to the central Tell Atlas. It is E-
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W to ENE-WSW trending, over 150 km, being more or less parallel to the coastline, and is associated with
Quaternary compressive deformation revealed by thrust focal mechanisms of significant earthquakes
(Maouche et al., 2011; Meghraoui, 1991). The northern part of this basin shows the Sahel anticline
(Figure 1) related to a blind or hidden reverse fault probably at the origin of several earthquakes that
occurred in the vicinity of Algiers (Maouche et al., 2011; Meghraoui, 1991). Its main part is a trough filled
by Miocene and Plio-Quaternary sediments. Its southern boundary (Figure 1) corresponds to an E-W to
NE-SW faults system (referred here as the Blida faults system) that is marked by geomorphic scarps with
up to 1,000 m vertical drop (Guemache, 2010; Maouche et al., 2011; Meghraoui, 1988).

In the Mitidja basin (Guemache, 2010; Maouche et al., 2011; Meghraoui, 1991), as in the Chellif basin located
farther southwest (Meghraoui & Doumaz, 1996), the active and neotectonic deformation is characterized by
E-W to NE-SW trending fold structures and related reverse and thrust faults, accommodating 2 to 3 mm/yr
shortening across the Tell Atlas. NE-SW to E-W trending structures, namely, the Blida reverse faults system
and associated folds and the Sahel anticline, form the southern and northern edges of the basin, respectively
(Figure 1). South of the basin, the Blida Mountains correspond to Paleozoic granites and micaschists,
Mesozoic flysch and limestones, and Cenozoic sandy marls, sandstones, and calcarenites (Durand, 1969).
The NE offshore continuation of the Blida faults system was reactivated during the 2003 Zemmouri (Mw
= 6.8) earthquake (Ayadi et al., 2003; Meghraoui et al., 2004). In the northern part of the Mitidja basin
(Figure 1), the ENE-WSW-trending and ~70-km-long Sahel asymmetrical anticline shows thrust and flex-
ural faulting, affecting the Neogene and Quaternary units with the bedding plane tilted up to vertical on
its southern flank (Maouche et al., 2011; Meghraoui, 1991). Numerous studies published in the framework
of MARADJA and SPIRAL projects highlight that offshore Algeria displays active tectonic structures.
Leprétre et al. (2013) discussed the Plio-Quaternary deformation related to the compressional reactivation
of the central Algerian Neogene margin as diffuse nature. Domzig et al. (2006) using detailed bathymetry
data identified large Neogene reverse faults and folds considered as active. Ratzov et al. (2015) interpreted
a turbidites deposits group as resulting from a coseismic movement. The Tell intramountain basins (e.g.,
Tafna, Oran, Chellif, Mitidja; Figure 1) are often marked by volcanic activity particularly during the opening
and evolution period. The Mitidja basin is characterized by the presence of magmatic rocks formations, ran-
ging from 16 to 9 Ma old (Ait-Hamou, 1987; Belanteur, 2001; Lepvrier et al., 1970). Petrographic and geo-
chronologic studies show that rhyolites were first emplaced around 16 to 15 Ma, followed by andesites at
13-11 Ma and dacite around 9 Ma (Ait-Hamou, 1987; Belanteur et al., 1995; Bellon et al., 1977,
Hernandez & Lepvrier, 1979). In several places, the volcanic rocks are intercalated within the
Miocene sedimentation.

The western Mitidja zone comprises magmatic series ranging from rhyolitic to andesitic rocks indicating
typical calco-alcaline petrographic and geochemical characteristics, suggesting, from Bellon and Brousse
(1977), Girod and N. Girod (1977), Hernandez et al. (1987), and Belanteur (2001), that these rocks belong
to the volcanic activity of the plate boundary. In the eastern sector of the Mitidja basin, Belanteur (2001)
describes Miocene tuff beds and igneous rocks in the vicinity of Boumerdes, Thenia, Cap Djinet, and
Dellys (Figure 1). These Miocene age rocks appear as steep cliffs along the coast at Dellys. It corresponds
to a succession of volcanic flows with variable aspects but with comparable mineral compositions. This ser-
ies of volcanic flows, separated by volcano-sedimentary deposits, is intercalated in a marly sediment of
molasse indicating important neotectonic or post-magmatism tectonic activity.

At the basin scale, volcanic rocks underlie the borders and mark the highly deformed (intense faulting)
basin borders. Except very locally, in close contact of faults, they present nonductile internal post-
magmatic deformation. In the Hadjout-Menaceur zone (Figure 1), these rocks were affected by folding
(E-W trending syncline), highlighting the post-Miocene compressive tectonic activity. In the vicinity of
Chenoua massif (Tipasa area) (Figure 1), the volcanic bodies that underlie the northern border of the
Mitidja basin and the Sahel fold seem to be developed along the highly deformed zones. As indicated
above, this basin constitutes a structurally complex domain with several faults indicating a restraining
basin structure linked to transpressive tectonic along a major E-W crustal structure (Mauffret, 2007;
Meghraoui, 1988; Meghraoui & Pondrelli, 2012). Several faults crossing the basin (e.g., the Thenia and
Mazafran faults in Figure 1) separate structural compartments (Maouche & Harbi, 2018). NE-SW faults,
with visible motion in the basin southern border, are hidden by sedimentary deposits; they could also
separate tectonic blocks (Figure 1).
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3. Paleomagnetic Sampling and Analytical Procedure

A paleomagnetic study of favorable exposures of accessible Miocene volcanic sequences was performed in
the Mitidja basin in an attempt to determine the magnitude, direction, and the spatial distribution of block
displacements and/or rotations that may have accompanied or followed the crustal deformation (Figure 1).
Different volcanic sequences in the Mitidja basin are represented by rhyolite, andesite, and basalt sequences
corresponding to the two groups of age (16-15 and 13-11 Ma) determined from isotopic dating (Ait-Hamou,
1987; Belanteur et al., 1995; Bellon et al., 1977; Hernandez & Lepvrier, 1979).

The studied rocks are outcropping mostly along the Mitidja basin margins (Figure 1). Distributed over 49 sites,
these rocks were extensively sampled for the paleomagnetic investigations: 349 cores, oriented with magnetic
and sun compasses. Because of high weathering, only two to four samples were collected for testing from three
“volcanic” outcrops (Sites 1, 2, and 7). Volcanic rocks were sampled in 46 sites (each site corresponding to a single
flow). Sites for the oldest group of age are all (except site 19) located in the most western part of the basin (groups of
ages of the different sites are indicated in Table 1). Unfortunately, most available outcrops correspond to isolated
small bodies, located within or close to faults zones, and are therefore possibly affected by local rotations. Only (i)
two quarries with lava piles (Sites 10-18 and 20-23, each site corresponding to a different lava flow), (ii) coastal
sites (Sites 3-6), (iii) a site belonging to a large outcrop (Site 8), and (iv) a thick lava flow (Site 28) present in large
and continuous outcrops can be considered as representative for determination of a global movement of the basin.
The remaining three sites correspond to Pliocene sedimentary formations (Table 1).

One to three specimens of standard size have been cut from each core, allowing pilot specimen demagneti-
zation and additional rock magnetic studies to be accomplished. Before any demagnetization analysis, the
specimens were stored in zero magnetic field for at least 1 month to reduce any potential viscous magnetiza-
tion. The remanent magnetization was measured using a JR5 spinner magnetometer (AGICO, Brno, Czech
Republic). Both thermal (TH) and Alternating Field (AF) demagnetizations were performed on pilot speci-
mens, and when required, some other specimens were demagnetized by combined AF-TH procedure. In
order to appropriately separate and recognize the magnetization components, numerous demagnetization
steps were used. Increments range from 50 to 100 °C for the lowest temperatures to 10 °C for the highest ones
during TH demagnetization and from 1 to 10 mT during the AF one (maximum used field intensity: 100 mT).
The results of demagnetization process are presented on orthogonal vector plots (As & Zijderveld, 1958;
Zijderveld, 1967). The remaining magnetization vectors after each step and the difference vectors removed
between two consecutive demagnetization steps were plotted on equal area projections. The direction of
the magnetization components was calculated by principal component analysis (Kirschvink, 1980). Mean
characteristic directions were determined using Fisher's (1953) statistics.

4. Rock Magnetism

Representative samples from several sites of volcanic rocks were selected to determine their magnetic miner-
alogy and characteristic properties from different magnetic methods, based on TH demagnetization curves,
thermomagnetic K(T) curves (low-field susceptibility as a function of temperature), and hysteresis loops.
K(T) curves were measured on AGICO KLY3, CSL-CS3 equipment. Hysteresis loops were mainly obtained
from a laboratory-made translation inductometer for small samples (about 3 cm®) within an electromagnet,
whereas the remaining data were obtained from Micro-Mag VSM equipment.

The Natural Remanent Magnetization has a relatively high intensity, varying from 3.3 x 107> to 2.2 A/m,
with a mean of 4.3 X 10~" A/m. Most TH demagnetization curves show mainly a progressive decrease of
the magnetization from 500 °C up to around 550-580 °C (Figure 2a, MI300 sample), suggesting the presence
of Ti-poor titanomagnetite as magnetic carrier. For some samples, however, this decrease starts at around
the 300 °C (Figure 2a, M1282 sample) step. For some of the samples, all from the basin borders, a weak mag-
netization decrease continues for temperatures higher than 580 °C (Figure 2a, MI325 and MI318 samples)
suggesting the existence of hematite besides the titanomagnetite. For the weathered samples collected on
the coast (Sites 3 to 7), magnetization direction, stable during AF treatment, becomes often erratic from
low heating steps (200 °C), suggesting the presence of goethite.

Thermomagnetic curves K(T) for most sites show a weak increase of magnetic susceptibility up to ~500 °C
(Figure 2b, MI186 and MI283 samples). Partial cooling carried out from these temperature indicates that
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Table 1
Paleomagnetic Results
Sites  Age A ® n ne M P G() Dg(® () Ds(®) L)  ags5(°) k 6() 4A8()
1 2 36° 48’ 36.0” 3°15'31.1" 2 0 5.4 90 180 = = = = = = = =
2 2 36° 48’ 36.0” 3°15'31.1" 2 0 10.3 90 180 = = = = = = = =
3 2 36°47’' 03.4” 3°31'10.2” 13 12 0.7 30 30 257.6 —39.9 2464 -—17.3 6.9 41 65.1 7.2
4 2 36°47' 04.2” 3°31'11.8” 11 5 0.3 30 30 2924 581 2572 —445 3.3 527 75.9 4.6
5 2 36°47'06.2"”  3°31'27.0" 7 5 3.0 30 30 284.6 —=50.6 2590 —358 20.4 21 77.7 25.4
6 2 36°47'064” 3°31'287" 12 6 0.3 30 30 2557 =731 2276 —46.6 134 18 463  19.7
7 2 36° 47 07.2" 3° 31’ 37.7" 4 0 76 45 330 — — — — — - -
8 2 36° 47’ 07.2” 3°31’' 37.7" 8 4 807 35 330 238.2 -—-291 221.0 225 7.9 94 39.7 8.6
9 2 36°52'27.6"  3°43'20.2" 8 6 618 0 0 259.7 =496  259.7 —49.6 11.3 25 78.4 17.6
10 2 36° 51’ 07.4”  3° 42’ 34.6" 7 4 854 30 110 223.2 —=20.9 230.0 7.2 4.5 294 49.4 5.8
11 2 36° 51’ 24.9”  3° 42’ 36.0” 6 3 1900 30 110 2185 —20.3 225.9 —8.8 5.9 131
12 2 36° 51’ 24.9”  3° 42’ 36.0” 6 5 1830 30 110 216.1 —18.9 223.2 —8.6 4.4 158
13 2 36° 51’ 24.9”  3° 42’ 36.0” 6 5 748 30 110 2194 —-18.2 225.6 —6.5 6.5 142
14 2 36° 51’ 24.9”  3° 42’ 36.0” 5 3 959 30 110 2159 —-26.5 2268 —15.3 7.6 102
15 2 36° 51’ 12.6”  3° 42’ 31.1” 6 5 738 30 110 2275 =529 2501 335 8.2 126
16 2 36° 51’ 12.6”  3° 42’ 31.1” 6 5 719 30 110 2257 =253 2342 -10.1 4.4 236
17 2 36° 51’ 12.6”  3° 42’ 31.1” 6 6 732 30 110 2239 =311 2355 -—15.9 5.6 145
18 2 36° 51’ 10.8”  3° 42’ 39.5” 6 4 351 30 110 219.8 —26.0 229.7 -—13.2 16.2 330
19 1 36°55"04.5”  3°54’18.3" 6 3 891 90 310 259.2 —-8.2 2094 =387 39.2 6 28.1 54.1
20 2 36° 51’ 54.0” 3° 43’ 36" 8 6 694 40 110 2104 —27.2 2255 -—143 31 326 50.0 6.8
21 2 36° 51’ 54.0” 3° 43’ 36" 8 5 968 40 110 221.7 —=25.5 2325 —6.6 9.0 73
22 2 36° 51’ 57.0” 3° 43’ 30" 7 6 1250 40 110 215.5 -30.5 231.2 -13.9 4.7 201
23 2 36° 51’ 51.0” 3° 43’ 32" 8 5 1010 40 110 213.7 -394 2361 -21.7 4.3 168
24 1 36° 30" 23.5" 2° 14’ 06.5” 8 7 550 50 160 284.9 48.1 219.4 50.5 5.1 141 218.1 8.0
25 1 36°30"31.8”  2°08’ 38.2" 8 3 264 45 180 83.7 =5519) 41.6 —32.8 24.2 27 220.3 46.9
26 1 36°30'32.7”  2°0840.5" 7 4 180 45 180 604 —492 367 —179 302 10 2154 503
28 1 36°29'524” 2°07'176” 9 7 207 30 100 361 343 488 178 6.8 68 475 71
29 1 36°28"38.0” 2°13"13.1” 5 3 0.06 38 65 84.4 —13.8 94.2 —48.7 37.9 12 272.9 68.5
30 36°29'00.5” 2°14’11.6" 8 4 10 35 140 33 26.0 252 47.2 20.3 21 239 307
31 1 36° 34’ 36.0” 2°23'18.4" 6 4 61 29 210 27.5 53.9 132.8 63.3 6.5 199 131.5 11.1
32 1 36° 34’ 38.7" 2°23'15.8” 6 6 86 29 210 41.2 51.5 124.1 55.8 3.6 355 122.8 5.8
33 1 36°34'387" 2°23'158” 6 O 76 29 210 — — — — — — — —
35 2 36°27'439”7 2°37°457" 14 12 24 58 16 301.5 —67.8 2224 —352 4.4 98 411 5.4
36 2 36° 27’ 46.0” 2°34'11.7" 4 3 135 55 150 349.9 734 141.2 50.3 13.9 79 139.9 57.0
37 2 36° 26’ 20.1” 2° 26’ 16.1” 6 3 191 50 10 18.3 68.5 13.2 18.7 3.9 28315 12.0 3.1
38 2 36° 26’ 44.1” 2°26' 28.9” 6 6 684 27 1 79.3 79.8 20.9 59.4 4.3 242 19.6 8.5
39 2 36° 30 46.8” 3°03'58.5" 15 14 144 60 220 110.6 69.4 196.2 34.7 1.8 483 194.9 2.2
40 2 36° 30 46.8” 3° 03’ 58.5" 6 6 890 60 220 112.2 75.1 202.9 33.5 4.6 216 201.6 5.5
41 2 36° 40’ 18.8” 3°23'141” 11 10 20 50 340 169.8 —71.8 163.3 —22.0 3.8 252 342.0 2.4
42 36° 34’ 37.3" 2°23'41.3" 7 0 0.07 33 173 = = = = = = =
43 36°34'21.5" 2°23'07.5" 6 0 1.0 36 152 — — = = — —
44 2 36°27'154” 2°27'384” 13 6 387 44 349 1215 708 151 565 41 274 138 74
45 2 36° 27" 07.4" 2°26'36.2" 10 4 221 21 318 317.3 0.8 317.3 —20.2 4.9 346 136.0 52
46 2 36°26"47.9”  2°26’07.3" 6 5 103 38 10 179.3 —-56.8 1838 —19.2 22.6 16 2.5 2.1
47 2 36° 28’ 17.9” 2° 30" 47.5" 15 14 72 22 10 100.7 54.8 72.5 49.5 3.2 156 71.2 4.9
48 2 36° 27’ 56.5" 2° 32 59.6” 9 8 192 30 36 144.7 5.8 139.4 14.3 3.7 220 138.1 3.8
49 2 36° 27" 49.7" 2°34'10.2" 9 9 93 55 150 321.8 72.6 154.0 52.1 4.2 152 152.7 6.8
50 2 36° 30" 46.8” 3° 03’ 55.6” 9 8 89 60 220 124.8 65.1 191.3 29.1 34 267 190.0 3.9
51 2 36° 28" 12.3” 2°31'19.8” 8 6 40 26 25 185.8 —56.1 192.6 —31.2 10.9 41 11.3 10.2

Note. Sites with coordinates, emplacement age (A) with 1 and 2 indicating 16-15 and 13-12 Ma (Ait-Hamou, 1987; Belanteur et al., 1995; Bellon et al., 1977;
Hernandez & Lepvrier, 1979), respectively, number of samples (n) and of samples allowing reliable data (ne), NRM intensity (M) in 10" ~ A/m, dip value (P)
and direction (G), declination (D) and inclination (I) before (Dg, I;) and after (Ds, Is) bedding correction, confidence angle (oigs), precision parameter (k), rotation
angle (6) with its uncertainty (A©) according to Demarest (1983). Orange color for sedimentary sites; italics for site with scattered directions (k < 40), bold for
retained sites belonging to areas with large continuous outcrops. Blue frames correspond to quarries for which rotation has been determined by the mean of

all their sites.
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Figure 2. (a) Variation of the magnetization intensity during thermal demagnetization for representative samples, (b) typical thermomagnetic curves KT for
Samples MI186, MI1283, and MI327, and (c) typical hysteresis loops after correction for paramagnetism, for Samples MI186, M1283, and MI327. Hcr is the rema-

nent coercive force, Field H in Tesla.

DERDER ET AL.

4254



Tectonics

10.1029/2018TC005394

Table 2
AMS Data From Thenia Granodiorite

Coordinates K1 K3

Km

Sites A ¢ N (10~°sD) D () 1% D () 1(°) P’ T
52 36° 44’ 12.5” 3° 33’ 01.6” 7 306 9.6 69.2 235.2 14.9 1.012 0.73
53 36° 44’ 11.7” 3°33'07.9” 5 249 336.2 28.1 243.7 4.6 1.015 0.24
54 36° 44’ 10.5” 3°33’13.3” 6 340 334.0 47.3 70.7 6.2 1.010 0.36
55 36° 44’ 15.2" 3° 33’ 15.6” 6 260 339.2 11.2 245.3 19.1 1.014 0.31
56 36° 44’ 06.9” 3° 35’ 04.9” 6 1323 298.9 83.2 63.9 3.9 1.028 0.22
57 36° 44’ 08.6” 3° 35’ 06.0” 6 236 341.0 48.0 73.7 2.4 1.023 0.85
58 36° 44’ 09.3” 3° 35’ 09.8” 6 265 348.3 49 258.2 0.8 1.010 0.03
59 36° 44’ 12.7” 3° 35’ 08.9” 6 275 132.4 28.3 230.3 14.3 1.017 0.59

Note. Sites with coordinates, number of samples (N), declination (D) and inclination (I) of maximum (K1) and minimum (K3) axes, and P’ and T parameters.

only weak mineralogical alteration occurred. For temperature higher than 500 °C, the strong decrease of
susceptibility, with a Curie point at about 550 °C, indicates Ti-poor titanomagnetite as the principal
mineral carrier. Most samples show an almost reversible curve during the total heating and cooling
experiment, confirming that no major chemical alteration occurred. In a few sites, where unblocking
temperatures are higher than 580 °C, thermomagnetic curve decreases appear also for temperatures
higher than 580 °C, confirming the presence of hematite (Figure 2b, MI327 sample). In the Tipasa area
(Figure 1), Aifa (2014) found sulfides and hematite in the lava flows in addition to magnetite. Goethite
also likely appears locally on some of his thermomagnetic curves.

Hysteresis loops show that the mean coercive force and the remanent coercive force, deduced from most samples,
are low, about 7 and 19 mT, respectively (Figure 2c, MI186 and M1283 samples) and that the magnetization satura-
tion is complete at approximately of 0.3 to 0.4 T. This confirms the presence of a low coercivity component (like Ti-
poor titanomagnetite). However, few loops, related to samples having maximum unblocking higher than 580 °C,
show a wasp-waisted shape (Figure 2c, MI327 sample). They also have a higher partial saturation around 0.4 T and
do not reach total saturation (indicating the presence of an additional high coercivity component). The mean coer-
cive force and remanent coercive force are slightly higher in these cases (28 and 65 mT, respectively), confirming a
mixing of low and high coercivity components (Ti-poor titanomagnetite and hematite).

In conclusion, Ti-poor titanomagnetite is the main magnetic carrier in these volcanic rocks, but, in some
sites, hematite also was formed by oxidation of preexisting titanomagnetite.

5. Magnetic Fabric of the Thenia Granodiorite

As a complement to the paleomagnetic analyses, an Anisotropy of Magnetic Susceptibility (AMS) study was
performed in an intrusive pluton located in a key position along one of the major faults structuring this area,
to specify the displacements along this fault.

AMS is characterized by the principal susceptibilities K;, K5, and K3 (K; > K, > K3) and the mean suscept-
ibility Ky,. The Jelinek's (1981) parameters P’ and T were used to describe the magnetic fabric: P’ expresses
the departure from a spherical AMS ellipsoid (P’ = 1). The shape parameter T quantifies the shape of the
magnetic ellipsoid, being linear when —1 < T < 0 and planar when 0 < T < 1. The orientation of the AMS
is characterized by the magnetic foliation, equivalent to the K;-K, plane (L to K3) and the magnetic linea-
tion, defined as direction parallel to K;. Data for a group of samples were analyzed using normalized tensor
variability statistics (Hext, 1963; Jelinek, 1978).

The AMS is in fact a powerful tool to analyze emplacement conditions and deformation of intrusive bodies (e.g.,
Bouchez, 2000; Georgiev et al., 2014; Nouar et al., 2011; Tomezzoli et al., 2003). It could therefore highlight the
structures within this Thenia pluton and their relationship with the Thenia fault. Forty-eight samples from eight
sites were collected in two very large quarries (Figure 1 and Table 2). The magnetic fabric of this pluton is largely
dominated by the paramagnetic minerals; only site 56 presents slightly higher susceptibility indicating a moderate
ferrimagnetic contribution (Figure 3a). AMS data are characterized by dominant subhorizontal NNW-SSE mag-
netic lineations and vertical NNW-SSE magnetic foliations (Figure 3c). The fabric is always oblate (Figure 3b).
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Figure 3. (a) P’Km and (b) P'T diagram (Jelinek, 1981) for the Thenia granodiorite; (c) maximum (squares) and minimum
(circles) susceptibility axes of the Thenia pluton samples. Pink and violet colors correspond to the Site 56. Associated
confidence zone was determined without the Site 56. Stereographic projection in the lower hemisphere.

6. Paleomagnetic Results

After selection from pilot specimen analysis, 328 samples have been demagnetized. For most of them, the AF
procedure was applied; for the others, the TH treatment or a combined procedure (mixed AF-TH demagne-
tizations) was used. Within a site, no significant difference has been observed in the results obtained from
the TH and AF demagnetizations. During the demagnetization process, two different main cases were
observed from Zijderveld diagrams.

+ The first one, obtained on most samples, is illustrated by a single stable B magnetic direction obtained
after elimination of a secondary viscous A component. The Characteristic Remanent Magnetization B
is of normal or reversed polarity according to the sites. Figure 4 shows examples of this behavior obtained
from TH process (MI1234 and MI274), AF method (MI142 and MI322), and mixed AF-TH one (MI319),
respectively. This magnetic component is at least partially carried by the Ti-poor titanomagnetite. In fact,
in some samples, hematite also appears to carry magnetization with the same orientation (Figure 4c).

« The other samples display erratic evolution, not allowing reliable paleomagnetic results. Four “volcanic”
sites (1, 2, 7, and 33) gave scattered results. Three of these sites (1, 2, and 7) present weathered facies, and
the other one (33) was probably affected by lightening. The sedimentary paleomagnetic data appear not to
be usable in two sites (42 and 43), also because of unstable behavior during demagnetization. All these
“unstable” sites are not considered further.

Finally, 43 sites (232 samples) allowed suitable paleomagnetic data. However, nine of them, presenting
Fisher's k parameter lower than 40 (Table 1), can be only considered as rough indicator. Magnetization
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Figure 4. Orthogonal vector plots (filled circles = horizontal plane, crosses = vertical plane), in stratigraphic coordinates for Samples (a) M1274, (b) MI322, (c)

MI319, (d) MI142, and (e) MI234.

polarity is normal for 15 sites and reversed for the 28 remaining sites. The mean inclination value after
bedding correction is much lower for the reversed polarity (—22.1°; inclination between —6.5° and —49.6°
as extreme values) than for the normal one (42.2°; inclination between 14.3° and 63.3°). An “inclination
only” fold test (Enkin & Watson, 1996; Henry et al., 2010) has been performed considering the standard
deviation of the distribution of inclination values during progressive unfolding (Figure 5a). The test result
suggests a prefolding magnetization (minimum standard deviation between 50% and 110% unfolding) but
should be considered cautiously because of the moderate variation of the standard deviation. In the few
cases where they are outcropping, the sedimentary rocks under the lava flows have unfavorable
characteristics for paleomagnetism, and no contact test has been obtained.

7. Discussion

7.1. Magnetic Data

7.1.1. Magnetic Fabric of the Thenia Pluton

The WNW-ESE-elongated Thenia pluton is limited to the south by the WNW-ESE Thenia major fault
(Figure 1). This fault seems to be associated with the granodiorite intrusion. The Thenia granodiorite mag-
netic fabric has typical characteristics of a pluton emplaced under shearing conditions close to major faults,
that is, vertical foliation, oblique to the fault plane and subhorizontal lineation (see Henry et al., 2019, and
reference herein): For the WNW-ESE Thenia fault, vertical NNW-SSE-trending magnetic foliation direction
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Figure 5. (a) Standard deviation of the distribution in inclination (in degrees) of the ChRM as a function of the untilting
percentage for all the sites. (b) Fisher precision parameter k¢ as a function of the untilting percentage for the sites repre-
sentative of the whole basin (17 individual sites or 5 sections; Sites 8 and 28 and Sections Merging Sites 3 and 4, 10-18, and
20-23).

clearly indicates a sinistral movement during the pluton emplacement, in contrast to the last known dextral
movements (Figure 1)

7.1.2. Paleomagnetic Data

7.1.2.1. Magnetic Properties

The Sites 3 to 7 along the coastline are strongly weathered. The amount of remaining magnetite is variable
and often very weak, the magnetite being mostly altered into goethite. The hematite is present in some sites
on the basin borders within fault zones, although weathering seems to be negligible in some outcrops. The
situation could be related to the effects of fluids in these sites within such a strongly fractured context. The
obtained paleomagnetic directions for temperatures steps lower and higher than 580 °C are almost similar
for different samples, suggesting that a partial oxidation occurred shortly after the lava emplacement. This
similarity could be also explained by a composite character of the remanent magnetization for steps below
580 °C (magnetization related to both magnetite and hematite). Nevertheless, main rotations (see below)
occurred after the acquisition of the remanent magnetization.

7.1.2.2. Structural Corrections

As shown in many studies of volcanic rocks, the paleomagnetic directions in different lava flows present
relatively important scattering, mainly due to the secular variation. Moreover, in such studies, the bed-
ding correction could be disputable. In the present study and for sites not belonging to large blocks,
the relation with surrounding rocks is not clear, and the structural corrections have large uncertainty.
At least in one site (Neck close to Cap Djinet, Site 9), the sampled rocks belong to intrusions. In cases
of sill, the observed dip may have been acquired before the intrusion (e.g., Smith et al., 2007).
Structural corrections could complicate matters, since a slope may already have existed at the emplace-
ment time (Silva et al., 2018). AMS data obtained on 18 samples from Sites 20-23 indicated lava likely
flowing toward ESE (ENE before block rotation), suggesting a possible weak dip with this orientation
(corresponding to the present dip) during the lava emplacement (e.g., Cafion-Tapia et al., 1995; Plénier
et al., 2005; Thompson et al., 1986).
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Figure 6. (a and b) Magnetic inclination (recalculated as positive value) with ags uncertainty according to the sites: sites with normal (green) or reversed (red)
polarity; the horizontal line represents the expected inclination value (52°); (c and d) magnetic declination (recalculated with normal polarity) with its A6 uncer-
tainty (Table 1) according to the sites: sites with normal (green) or reversed (red) polarity. Order of the sites along the diagrams corresponds to longitude.

7.1.2.3. Paleomagnetic Directions

No clear difference can be evidenced for the paleomagnetic direction according to the emplacement age
(Table 1). The obtained magnetic inclinations derived from all data are shown (all presented with normal
polarity for a clear comparison) on Figures 6a and 6b (cases with initial reversed polarities are indicated
by red color in figures). This shows that, in the northern margin of the basin, the reversed polarity has been
obtained in all sites but six sites (all from the northwestern border), while the polarity is predominantly nor-
mal on the southern margin sites (12 normal for 5 reversed). Both polarities have also been obtained for the
sites of the oldest as well as the youngest groups of age.

The mean inclination values (42.2° and —22.1° for the normal and reversed polarities, respectively) show
that part of the sites have unusually low magnetic inclination compared to that expected for Miocene age
(Figures 6a and 6b), based on the Apparent Polar Wander Path of Besse and Courtillot (2002). The low incli-
nation values determined in volcanic rocks cannot be due to an inclination shallowing like in sedimentary
rocks (e.g., Krijgsman & Tauxe, 2004). AMS is very weak (see Hrouda & JeZek, 2017), of the order of 4%, and
principal susceptibility axes are relatively scattered (test made on 18 samples from Sites 20-23) and cannot
account for the low inclination values (e.g., Gattacceca & Rochette, 2002). There are 13 sites with low incli-
nations, all corresponding to the two neighboring quarries with lava piles (Figure 7a), while some other sites
also present low inclination, even on the southern border. A strong local tilting, of about 30°, of large block
(including at least the two quarries), before lava emplacement, should have been observed in the overlying
sedimentary deposits. So this assumption cannot be considered as reliable. The low inclination is then likely
related to the magnetic field behavior (e.g., Di Chiara et al., 2012). In our case, the presence of sites with
higher inclination values indicates that the low inclination was related to a temporary phenomenon, likely
corresponding to a reversal or an excursion of the Earth magnetic field.
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Figure 7. Equal-area plot after dip correction of the mean-site paleomagnetic directions with associated 95% confidence
zone in lava flows: (a) sites reliable for basin-scale data: 3-4 and 8 (green), 10-18 (red), 20-23 (blue), and 28 converted to
negative inclinations (orange). The mean direction with its confidence zone is in black. (b) Sites affected by local rotations,
all converted to negative inclinations: this study (red) and from Aifa, 2014 (blue). Continuous (dotted) line for confidence
circles correspond to lower (upper) hemisphere.

Figures 6c and 6d display a synthetic presentation of the magnetic declinations (after dip correction), with
associated uncertainty (Table 1) obtained from the different sites (declinations corresponding to reversed
polarity were recalculated as having a normal polarity). The scattering of the declinations clearly evidences
that different rotations occurred according to the location within the basin. Expected declination for the lava
age in the Mitidja basin being D,.f = 1.3° (Besse & Courtillot, 2002), a rotation © since the lava emplacement
for each site is evaluated from the difference between the measured declination and D, In Table 1, the
uncertainty A8 on 6 has been determined using the Demarest (1983) approach that gives similar results as
using the Deenen et al. (2011) one.

The northeastern sites (3—-7, 10-18, and 20-23; Figure 1) correspond to areas with very large continuous out-
crops, that is belonging to large blocks and being associated with reliable structural corrections. (Data for
Sites 5 and 6, associated with a very large uncertainty—k < 40—Table 1, have been not considered.) A simi-
lar paleomagnetic direction, but with opposite polarity, has been found in Site 28, taken from a thick lava
flow and belonging to a large (more than 1 km) block with coherent dip, limited to the north and to the south
by two E-W important faults and corresponding to the western closure of the basin (Figure 1). For all these
large blocks, the mean direction (N = 17 sites, D = 224.2°, 1 = —31.8°, k = 20, and ags = 8.2° and D = 232.3°, 1
=—16.5° k =37, and ags = 5.9°, before and after dip corrections, respectively) can be therefore considered as
representative for the “stable” parts of the Mitidja basin (the mean direction, calculated only for the eastern
data, i.e., without the site 28, is not significantly different: N = 16, D = 224.7°, 1 = —31.6° k = 19, and g5 =
8.7°and D = 232.5°, I = —16.4°, k = 35, and ag5 = 6.3° before and after dip corrections, respectively). A posi-
tive fold test (see Figure 5b) attests of the reliability of these paleomagnetic data. To avoid an overly domi-
nant effect of the quarries data, a fold test was also performed by sections (merging sites from same
areas), and it is also clearly positive (Figure 5b). These reliable paleomagnetic data indicate that the basin
underwent an average clockwise rotation of 48 + 17°. The fact that most northeastern sites correspond to
paleomagnetic directions acquired during a period with unusual direction (relatively low inclination) of
the magnetic field (reversal or excursion) could have introduced an incorrect interpretation of these direc-
tions as rotation indicators for the whole basin. However, similar rotation angles have been obtained in
neighboring sites (4, 6, and 9) associated with paleomagnetic inclination expected for Miocene age, support-
ing thus the reliability of this interpretation.
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bottom right indicates the expected paleomagnetic direction after Besse and Courtillot (2002).

The other studied sites are all (except one: Site 19) located on the southern and western basin borders along faults
(Figure 1) and correspond only to small outcrops, without any continuity. They likely belong to small blocks,
embedded within the fault zones. Moreover, for some of them, structural corrections to apply are not always clear.
As indicated before, the only aim of the study of these sites was determination of local tectonic movements, keep-
ing in mind that in few cases, additional uncertainty could be related to structural corrections. The obtained paleo-
magnetic declinations indicate that, since the lava emplacement, rotations affected these sites (average rotation
magnitude: 98°). The associated very large uncertainty for this mean rotation (+72°) clearly shows that these sites
underwent different various local rotations, often of large amplitude, and that a mean paleomagnetic direction
and a mean rotation should be meaningless. The result of these inhomogeneous rotations is a misleading random
distribution of the paleomagnetic directions (Figure 7b). It is then obvious that a classical fold test is not applicable
for such data. For a rough estimate of the structural evolution within and close to the faults, it is interesting to com-
pare (Figure 6) the rotation undergone by these sites with that of the global rotation of the basin (which is in aver-
age about 48° clockwise), that is, to determine the local “additional” rotation for these sites. Two cases for such
additional rotation can be clearly distinguished on the Figure 6.

« Some sites should have been affected only by moderate counterclockwise movement relatively to the stable
Africa. Most of them are located on the southwestern border of the basin (Sites 37, 38, and 44), in the same
restricted area (Figure 8) that could have been a fault-bounded slice less rotated than the main part of the basin.

« For all other sites (belonging mostly to the southern border), this additional rotation was much stronger
and clockwise. The context of dextral shearing, giving global clockwise rotation at the basin scale, also
appears at a more local scale, along faults giving additional clockwise rotation.

On the northern side of the Mitidja basin, around the Chenoua massif (Tipasa area), paleomagnetic direc-
tions (Aifa, 2014; this study), mostly obtained within fault zones, show clockwise rotations relatively to
stable Africa (Figure 8).

7.2. Geodynamical interpretations

7.2.1. Structural Implications

The onshore Mitidja basin is longer than 150 km, and its offshore eastern limit is not well identified. A global
rotation of the entire basin as a single block is not a realistic assumption because of the lack of other evidence
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over the Northwestern African margin. Therefore, considering the homogeneous rotations in the “stable”
parts of the Mitidja basin, the rotation angle indicates a coherent movement of several independent large
blocks. The obtained data in this study are discussed in the context of the bookshelf tectonics model (see
Mandl, 1987), proposed by Meghraoui et al. (1996) for the Tell Atlas. Such a model is supported by the pre-
sence of the Sahel anticline (fault-related fold) on the northern basin margin and of NE-SW and NW-SE
trending tectonic structures. We mention that bookshelf tectonics was already proposed for the Cheliff basin
located west of the Mitidja basin (Aifa et al., 1992; Derder et al., 2011).

For the Mitidja basin, clockwise rotations of different blocks should lead to the existence of sinistral faults,
presently roughly NE-SW, at block limits. Quaternary deposits in the inner part of the basin does not allow
direct observation of such faults, but the southern margin of the basin is compartmented by several NNE-
SSW trending sinistral faults (Figure 1) (Maouche et al., 2011; Maouche & Harbi, 2018)

The paleomagnetic data show that the western and southern Mitidja basin borders are characterized by mul-
tiple strong rotations (Figure 8). This variability argues for the existence of several small blocks implying a
different rotation rate for one block with respect to another. Similar deformation pattern has been reported
at “Beni Haoua” area, west of the Mitidja basin on the coastal area (Derder et al., 2013). As mentioned above,
the southern Mitidja border is constituted of small blocks, interpreted as accommodating the rotation, (at the
contact with nonrotated area located southward), through local fragmentation of the large rotated blocks
into small independent blocks. These rotations are comparable to those deduced in the “Beni Haoua” zone.
As a result, the southern Mitidja border can also be interpreted as corresponding to a narrow highly
deformed roughly E-W trending major shear zone.

Another interesting result is that the Thenia fault, presently dextral, was sinistral during Thenia pluton
emplacement (15 Ma; Belanteur et al., 1995); it could reflect an effect of the clockwise block rotation, at
the limit of the rotated blocks, before the dextral regional shearing along this fault.

It is well known that the bookshelf tectonics theoretical model stipulates the opening of a free “space zone” at the
ends of the rotated blocks (Wernicke & Burchfiel, 1982). These “open spaces” are filled by smaller blocks resulting
from the fragmentation at the ends of the main rotated blocks. Such tectonic evolution could correspond to an
early period of the Mitidja main block rotation (Algiers block in Meghraoui & Pondrelli, 2012). Afterward, reverse
faults and folds growth can therefore be expected on the southern and northern borders. This is due to the fact that
the global N-S shortening, generating ~2.0 mm/yr uplift on the segmented Sahel fold (Maouche et al., 2011), is also
associated with sinistral strike-slip movements along the NE-SW trending faults.

Fold test (Figure 5) argues for primary magnetizations, indicating that these rotations occurred after the
emplacement of the considered volcanic rocks.

7.2.2. Accommodation of the Africa-Eurasia Convergence in the Mitidja Basin

The tectonic related to Africa-Eurasia convergence since the Late Cenozoic is partly accommodated by
shortening in the Tell Atlas fold-and-thrust belts, whereas faults system sets separated crustal blocks. This
fault system associated with NE-SW trending “en echelon” sinistral thrust defines several NE-SW-oriented
tectonics blocks. This deformation pattern is consistent with the distribution of seismicity (see Ousadou
et al., 2014) and geodetic studies (Serpelloni et al., 2007). Geological investigations show that this tectonic
activity is absorbed by the 2 to 3 mm/yr rate shortening in the Tell Atlas (Meghraoui & Doumaz, 1996).

Results about Thenia pluton (AMS) and Blida faults system (paleomagnetism) underline the importance, in
the structural evolution of the Mitidja basin, of the E-W to WNW-ESE trending main regional structures that
likely separate areas with different rotation magnitudes. The initial sinistral movement along the Thenia
fault, evidenced by the magnetic fabric of the Thenia pluton and the fragmentation in “small” blocks on
the southern border of the basin would represent an effect of the beginning of bookshelf evolution (accom-
modation of the block rotation at the limits of the system). The block rotation ended when it reached the pre-
sently observed angle. This angle could correspond to a maximum possible N-S shortening of the basin
without disruption and total fragmentation of the largest rotated blocks. The subsequent accommodation
stage would have been transferred to dextral movement along the major E-W to WNW-ESE trending struc-
tures. Paleomagnetic data already evidenced block rotation in the Cheliff basin (Aifa et al., 1992; Derder
etal., 2011, 2013) and in Oran volcanic provinces (Derder et al., 2018), confirming that all the Tell Atlas area
was affected by active faulting and transpression tectonics (Meghraoui & Pondrelli, 2012). Figure 9 shows E-
W to WNW-ESE trending faults as major structures separating areas where blocks, affected by vertical axis
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Figure 9. Synthetic map showing the block rotations in the Central and Western Tell of Algeria according to paleomagnetic data. Red arrows show the velocity field
in a Eurasia fixed reference frame (Nocquet, 2012). Basin-scale block rotations in Oran volcanic provinces; Cheliff and Mitidja basins correspond to the mean
reliable (i.e., not in local shear zones context) paleomagnetic data (Derder et al., 2011, 2013, 2018). “Local” rotations on the contrary are associated with data from
these sites embedded within fault zones. Thf = Thenia fault; Sf = Sahel fault; Bfs = Blida faults system; Bhf = Beni Haoua Strike slip; Of = Oued Allalah thrust Fault;
Bf = Boukadir thrust fault; Ef = El Asnam thrust Fault; Msf = Mostaganem Fault; Mf = Murdjadjou thrust Fault; Tf = Tamazoura thrust fault (faults location are
from Meghraoui, 1988, and Meghraoui et al., 2004). The inset illustrates the example of bookshelf block rotation model of the Cheliff-Mitidja areas (Meghraoui
et al., 1996, Derder et al., 2011; Meghraoui & Pondrelli, 2012, this paper).

rotation, are bounded by sets of parallel faults, presently NE-SW trending and mostly of hidden nature.
These faults accommodated the relative motion between blocks in the regional N-S shortening process.
Rotation amplitude within the studied basins increases from Oran volcanic provinces to Cheliff and to
Mitidja, that is, from West to East and, considering the compartments separated by the major E-W
structures, from South to North (Figure 9).

8. Conclusion

It has been established that the bookshelf tectonic model can account for the Cheliff basin tectonics, as part
of the process of accommodating the Africa-Eurasia convergence. In the present study, in the Mitidja basin,
new paleomagnetic data demonstrate coherent clockwise rotations of large blocks. They show that the book-
shelf mechanism also affected the Mitidja area, in a context of reactivation of E-W trending structure
(Meghraoui et al., 1996). Both the direction of plate convergence and the observed structures within the
basins seem to be the main factors that control the rate and the migration of the block rotations within
the Northwest Africa margin. This suggests that, when a blocking limit of the Mitidja system is reached,
the increase in block rotations should be probably more intense westward in the Cheliff and Oran volcanic
provinces areas in order to accommodate the ongoing collision.

For the Tell Atlas, a simple model is derived from Morel and Meghraoui et al. (1996) and Meghraoui et al.
(1996). E-W to WNW-ESE trending major structures separate independent bookshelf system areas. With this
model, the “Beni Haoua” and the southern border Mitidja shear zones should be narrow zones of major
deformation. The Beni Haoua major structure separates the Cheliff and Mitidja basins (Figure 9). The initial
sinistral movement along the Thenia fault indicates that this last structure could represent the northern bor-
der of some rotated blocks evidenced in the Mitidja basin. Rotations north of the Thenia fault, in the Cap
Djinet area, should correspond to another bookshelf system located further north.

The remaining question is whether a similar evolution may occur along the North African margin toward
the West and East of the Mitidja-Cheliff-Northwestern Algeria areas, that is, in Morocco and Eastern
Algeria-Tunisia. Further East, paleomagnetic investigation of the western Sicily Maghrebian belt has
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revealed that large clockwise rotations with respect to the Hyblean-African foreland have occurred since the
Tertiary (Channell et al., 1990; Schult, 1976; Speranza et al., 2018).
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