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Abstract 

The Chlef region constitutes a key area to study neotectonics structures and their 

geodynamical context. Aeromagnetic data analyzed using different processing methods 

(shaded relief technique, computation of vertical gradient, upward continuation, use of the 

continuous wavelet transform and ridgelet transform), allow establishing a structural image of 

emerging and deep structures both onshore and offshore. Magnetic anomalies, over the 

Mediterranean Sea, the Chlef basin and the Ouarsenis Mounts, are well-correlated with the 

known geological structures. Long and short wavelength anomalies have been distinguished. 

The short wavelength anomalies are associated with the volcanic rocks on the coast from 

Chenoua to El Marsa and with the basement in the Boukadir zone in the sedimentary Chlef 

basin. The long wavelength anomalies to the South are associated mainly with deep E-W 
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structures, limiting the Chlef basin. To the North, similar structures have been identified in the 

Mediterranean Sea. The compilation of the identified magnetic features leads to geometrical 

shape corroborating the structure in blocks of the Chlef basin. 

 

Keywords:  

Aeromagnetic data, Chlef, wavelet transform, ridgelet transform, 2D - 3D imaging, 

deep magnetized structures. 

 

1. Introduction 

 

The Chlef region (Figure 1) is located in North of Algeria around coordinates: 00°33’- 

02°00’E & 35°48’- 36°56’N. It is one of the most seismically active zones of the western 

Mediterranean Sea (Meghraoui et al., 1996; Bezzeghoud et al., 1995; Yelles et al., 2006) 

related to the collision between African and European plates since the Upper Cretaceous 

(Dewey et al., 1989; Le Pichon et al., 1988; Ricou, 1994). Kinematic models based on the 

study of the magnetic anomalies in the Atlantic Ocean; showed that this convergence is 

related to a counter clockwise rotation of Africa with respect to Eurasia (Dewey et al., 1989; 

Mazzoli and Hetman, 1994; Rosenbaum et al., 2002). The seismic activity in this area is 

directly associated with the plate boundary between Europe and Africa. This region was 

affected by two very destructive seismic events: the 1954 9th September Orleansville 

earthquake with a 6.5 magnitude and the El Asnam one of 1980 10th October (7.3 magnitude) 

(Karnik, 1969; Dewey, 1991). Studies of structural geology, seismicity and seismotectonics 

were therefore strongly developed in this region to better understand the presently active 

deformation mechanisms (e.g. Rothé, 1950; Perrodon, 1957; Tapponier, 1977; Girardin et al., 

1977; Philip, 1983; Thomas, 1985; Ouyed, 1981; Meghraoui, 1988; Yielding et al., 1989; 
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Bufforn et al., 1995; Idres et al., 1996; Lammali et al., 1997; Ydri, 1988; Idres et al., 1998; 

Boukerbout and Abtout, 2000; Domzig et al., 2006;  Aifa and Zaagane, 2014; Abtout et al., 

2014).  

With the same purpose, the aeromagnetic data supply further information on the causative 

geological structures of the magnetic anomalies. The use of methods developed recently such 

as the wavelet and the ridgelet transforms, applied to process the magnetic field data, allows 

establishing 2-D and 3-D images of the geological bodies both at surface and at depth as well 

inshore as offshore. 

The present study is a contribution in a large project including geophysical and geological 

surveys in the Chlef region (CMEP Project 08MDU752). The main objectives of this study 

are to identify the geometry of the major tectonic contacts bounding the Chlef basin, to 

evaluate the depth of the different identified structures and to have a better knowledge of the 

basin basement. Geophysical methods and particularly aeromagnetic approach are adapted for 

obtaining a realistic model of the deep tectonic structures. This work leads to 2D and 3D 

representation from a set of sections across the geological units and magnetic field anomalies, 

to the geometric relationships existing between the different geological features. It also 

provides additional information enabling for example geologists to refine the structural 

interpretation of the volcanic domains and then improving the knowledge of the studied 

region. 

Figure 1. 
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2. Geological setting 

 

The studied region (Figure 1) includes a large area from Mediterranean Sea to the North to 

the Ouarsenis Mountains to the South. Its central part is an intra mountainous depression of 

the Tellian chain: the post-nappes Chlef basin. This basin is filled by Mio-Plio-Quaternary 

rocks, lying on ante-Neogene basement. The latter outcrops as flyshoid and epi-metamorphic 

massifs, like Temoulga and Doui. These massifs are mainly composed of Siluro-Devonian 

schistosed limestones with a Jurassic dolomitic limestones cover (Kireche, 1977). The basin 

has an elongated shape, suggesting compressional movements (Meghraoui et al., 1986) 

related to the Alpine orogeny (Perrodon, 1957). The neo-tectonics studies show that the main 

deformation is a NNW-SSE compression giving overthrusting reverse and strike-slips faults 

(Groupe de Recherche néotectonique de l’arc de Gibraltar, 1977; Philip and Thomas, 1977) 

related to African and European plate movements (Philip and Thomas, 1977; Minster and 

Jordan, 1978; Anderson and Jackson, 1987). 

Volcanic activity in the basin is evidenced by stratified cineretic deposits of upper 

Miocene age in the SW of the studied area (Perrodon, 1957), a small rhyolitic outcrop 

(0°35’E, 36°05’N), microgranite dykes cutting the upper Miocene deposits in the Dahra 

(Anderson, 1936) and biotitic andesites in the Beni-Chougrane. 

Along the coast, east of Tenes, rhyolites and andesitic dacites (Hernandez and Lepvrier, 

1976) have ages varying between 15 and 9 Ma. The calc-alkaline volcanism is known all over 

the coastal border of the northern Tell in a band parallel to the coast line. It might evidence an 

ancient subduction zone (Girod and Girod, 1977, Maury et al., 2000). These volcanic episodes 

would occur between lower Miocene compressional phases related to the formation of the 

nappes (Mattauer, 1958; Delteil, 1974) and the Plio-Quaternary compression. This situation is 

probably due to a period where local relaxation of compressional stresses allows volcanic 
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eruptions. More to the West, the volcanic activity was continuous during the Plio-Quaternary 

in contrast to its absence in the Chlef basin (Bellon and Guardia, 1980). Nevertheless E-W 

extensional movements may be simultaneous to the N-S compression (Bousquet and Philip, 

1981) that is the main deformation mechanism during the Plio-Quaternary period in the 

western Tellian Atlas (Thomas, 1974; Philip and Thomas, 1977; Meghraoui, 1982). 

Therefore, the Plio-Quaternary alkaline volcanic manifestation west of the Chlef basin, likely 

does not characterize an independent extensional episode.  

At a local scale, remarkable tectonic structures can be observed across the basin.  

-  The Sara El Marouf broken fold correspond to the El Asnam fault, reactivated 

during the October 10, 1980, El Asnam earthquake (Ouyed et al., 1981; King and Vita Finzi, 

1981). It has a NE-SW direction and it is limited to the SE by a reverse active fault since the 

early Quaternary (Meghraoui, 1982, 1986). It crosses the eastern part of the basin separating 

the Oued Fodda valley from El Asnam valley.  

-  The Boukadir broken fold is located about 40 km in the WSW of El Asnam, 

separating the El Asnam valley from Relizane valley. The Boukadir fault shows recent 

activity affecting Quaternary deposits. It corresponds to a thrust striking N065 with a NW. 

-  A third structure crossing the basin is the Dahra fault, which separates the Relizane 

valley from the Mostaganem valley. It affects Quaternary deposits that are strongly deformed, 

clearly evidencing an active flexure.  

 - The southern limit of the basin which is the southern limit of the Quaternary 

sediments is defined by a tectonic linear contact between recent Quaternary silts and upper 

Miocene limestones. Its strike is N070 and it runs for some 150km from El Asnam to 

Relizane (Meghraoui et al., 1986).  
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3. Aeromagnetic data 

 

The aeromagnetic map used in this study outcome from the airborne survey which cover 

Algeria during the period from 1970-1974 by Aero Service Corporation, at a constant flight 

altitude of 150m along N20W lines 2km apart with perpendicular tie-lines at 5 km intervals; 

sampling distance along the profiles was about 46m. The survey data were originally recorded 

in analogue form (Paterson et al., 1976). The digital dataset used for this study was obtained 

by digitizing the paper map each 2nT contour line at a scale of 1/200,000.  The digitizing 

method is based on recognition of shape. There is no spatial error introduced in the automated 

vectorization process. The vector data is faithfully reproduced in vector form. 1871 points 

were obtained. The survey was then processed to compute magnetic anomaly map through the 

subtraction of a normal field, hereby established for the period of the airborne survey 

(Boukerbout and Abtout, 2010), by the use of Algerian repetitive network data. The values 

cover the area at coordinates: “00°33’- 02°00’E” & “35°48’- 36°56’N” and are interpolated to 

a spacing regular grid of 325m x 325m. Each grid node holds a calculated value of the field. 

The scattered magnetic data were interpolated onto grid using the nearest neighbour 

interpolation technique. This method seeks to generate the smoothest surface which closely 

reproduces the observed data. 

 

4. Processing and interpretation of aeromagnetic field maps 

 

Because of the inclination of about 54° of the magnetic field at latitude of survey for the 

period of 1974, there is a slight discrepancy between the magnetic anomalies and the 

corresponding causative magnetized bodies. In order to replace the anomalies above their 

geological sources, the magnetic anomaly map was reduced to the pole. For this purpose, we 
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need to know, the values of inclination and declination of normal earth’s field (In, Dn) and 

those of the magnetization (Im, Dm). The difficulty is to determine Im and Dm. From 

measurements made on 73 samples from the andesites in the studied area, Idres and al. (1998) 

point out that remnant magnetization is negligible (Derder et al., 2013), so only the induced 

magnetization is taken account, therefore, the used parameters of the magnetization were the 

same that the ones of normal field (54° for the inclination and -4° for the declination). The 

aeromagnetic map reduced to the pole (Figure 2) is not very different in shape and amplitude 

from the original map. The reduced map shows a slight northward offset of the magnetic 

anomalies, an increase in the amplitude of the positive magnetic anomalies and an attenuation 

of the negative ones.  

The long wavelength magnetic anomalies can be separated from the short wavelength 

ones by calculating an upward continuation at different altitudes, for instance, we choose to 

show the upward continued by 5 km (Figure 3).  

To highlight the short wavelength anomalies that reflect the signature of superficial or sub 

outcropping geological structures, we use the” technique of shading relief” (Mc Donald et al., 

1992). This technique consists in representing the magnitude of the field as shades of gridded 

data. Produced images are obtained by treating the image as a topographic surface and 

simulating illumination either by using a simple mathematical model or by filtering the image 

to create a shaded relief image. Shaded relief image convey changes in values and do not 

contain any information on the magnitude of the field. This is particularly useful for 

enhancing subtle linear features which maybe related to geological structures (Mc Donald et 

al., 1992). The shading relief technique is applied to the reduced to pole anomaly map 

illuminated from the northeast, to show up the short wavelength of the magnetic anomalies 

and enhance features with a northwesterly trend (Figure 4). The advantage of this method: it 
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doesn’t modify the strength of the high frequency signature, but as the illumination is 

directional, some anomalies may be unfavourably illuminated and thus not show up.  

We also use the technique of calculating gradient of magnetic anomalies: it has no 

directional bias but by amplifying the short wavelengths and attenuating the long 

wavelengths, it can produce some oscillations which can have effect of distorting the 

legibility and may be lead to erroneous interpretations. The vertical gradient map is shown in 

Figure 5. 

Figures 2, 3, 4 and 5. 

 

5. Description of the aeromagnetic field maps 

 

  The examination of different magnetic maps shows that the strongest 

anomalies are those located in the North: all along the coast deriving from volcanic 

formations and in the Mediterranean Sea but, also in the Chlef basin and in the South part of 

the studied area. A set of N80E positive magnetic anomalies occurs between Gouraya and 

Tenes and follows the coast. This set is made up of a series of short wavelength anomalies 

(Figures 4 and 5) that arise over a group of calc-alkaline volcano formations but coincide with 

no precise geological boundary. In addition, these small anomalies contain a number of small 

offsets that reflect strike-slip-faults (Schettino and Turco, 2006; Domzig et al., 2006; Yelles et 

al., 2009; Leprêtre et al., 2013). In Northward of this set, a large and intense magnetic 

anomaly, trending E-W, occurs offshore. The feature giving rise to this anomaly may be 

buried very deep. It can be shown on upward extensions maps at different altitudes (Figure 3), 

whereupon this magnetic anomaly remains very strong indicating a relatively deep rooting, 

whereas those derived from the signature of the basin disappear between altitudes of 4 and 5 

km, indicating that the basin is not flat with a mean thickness of 5 km. However the overview 
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of all processed maps show that the magnetized structure is not simple and will reflect the 

geological complexity of the studied area.  

The anomalies on the magnetic map (Figure 2) are correlated to geological data 

(Figure 1); they correspond, in the West part of the studied area, to bodies within the Chlef 

basin. The Boukadir positive magnetic anomaly is made up of two lobes disrupted by a 

discontinuity in the NW-SE direction. This anomaly may correspond to a succession of 

basaltic sills embedded between the calcareous formations (Aït Hamou, 1987; Meghraoui, 

1988; Idres et al., 1998). In a northward, there is a negative magnetic anomaly corresponding 

to the Ouled Fares anticline. This anomaly could be produced by a magnetized source located 

at the boundary substratum-basin or by a succession of basic sills deeply rooted (Idres et al., 

1998). 

In the East of the region, there are two positive magnetic anomalies and one negative 

in their North appears. This magnetized substratum limits the Chlef basin in the South. The 

positive anomaly in the East is identified on the Doui massif, which is better defined.  

The Chlef basin is composed of mio-Pliocene and quaternary formations lying on 

ante-Neogene basement. According to the compressional phase from Pliocene to Quaternary 

(Meghraoui, 1988), this substratum is outcropping in some places such as Temoulga, Rouina 

and Doui, in the form of epi-metamorphic and Jurassic massifs of different sizes. This 

outcropping basement is made up of Mesozoic and Palaeozoic formations. The Palaeozoic 

formations are composed of a metamorphic substratum over which lies a volcanic complex 

composed from lavas and tuffs. The Mesozoic formations are composed of Triassic and 

Cretaceous structures (Kirèche, 1977).  

The long wavelength positive anomalies were probably caused by structures located in 

the recognized outcropping Palaeozoic substratum which limit the basin in South, since they 

are not superimposed on known outcropping Jurassic massifs. On the other hand, the long 
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wavelength negative anomaly is located over the outcropping Jurassic massifs of Temoulga 

and Rouina. As this anomaly remains negative, its origin is in the Palaeozoic substratum 

which is more magnetized and deepest than the Cretaceous one. This is also confirmed by the 

identification of the sources of the magnetic anomalies in 2-D along the profile and in 3-D 

(see section 6, below) and by the gravity study of the same area (Idres et al., 1998; Abtout et 

al., 2014) 

Some contacts are identified on the gradient map (Figure 5). The NW-SE one is thrusting 

in the sinistral way the Boukadir anomaly. The second one is perpendicular to the first and is 

identified in the South of the Boukadir anomaly. It shows the SW limit of the Chlef basin and 

the Palaeozoic substratum located in the South. It coincides with a part of the Relizane Fault. 

More in the North of this latter, two contacts appear and may be correspond to some deep 

aftershocks of El Asnam and Relizane Faults as they are parallel. In the East, between the 

negative magnetic anomaly and the positive one, appears a contact which may be correspond 

to the Palaeozoic substratum known in the South and which becomes more deepest in the 

North. 

 

6. Identification of magnetic anomalies causative bodies with the continuous wavelet 

transform  

 

The main application in geophysical potential fields studies is to identify the geological 

structures responsible of the anomalies by quantifying their depth, inclination, dip, geometry, 

and so on. These characterization and localization of the sources of geophysical potential 

fields anomalies lead to development of refined inversion and analysis techniques. Among 

these developed methods, the continuous wavelet transform (Grossmann and Morlet, 1984) 

which assists automatic interpretation of large amount of potential fields data, through many 
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applications such as in filtering or inversion (Fedi and Quarta, 1998; Ridsdill-Smith and 

Dentith, 1999; Trad and Travassos, 2000; Boschetti et al., 2001;  Leblanc et al., 2001; Li and 

Oldenburg, 2003). 

In this study, we use methods based on the continuous wavelet transform to identify and 

localize the causative bodies of magnetic anomalies. The wavelet transform uses the property 

of the homogeneity degree of the analyzed function which allows detecting and characterizing 

homogeneous singularities in signals (Grossmann et al., 1987; Holschneider, 1988; Mallat and 

Hwang, 1992). This technique is described and detailed by Alexandrescu et al. (1995, 1996) 

with an application to geomagnetic time series. The wavelet theory can be found in the book 

of Holshneider (1995) and the theory of its application to potential fields data can be found in 

Moreau et al., (1997, 1999), Hornby et al., (1999), Sailhac et al., (2000), Sailhac and Gibert 

(2003), Boukerbout and Gibert (2006), Sailhac et al., (2009), Fedi et al., (2010), Fedi and 

Cascone (2011) and so on. Many studies illustrate application of this method, for instance we 

can refer to applications to aeromagnetic and magnetic data (Sailhac et al., 2000; Pouliquen 

and Sailhac, 2003; Boschetti et al., 2004; Vallée et al., 2004; Yang et al., 2010), 

electromagnetic data (Boukerbout et al., 2003), spontaneous electrical potential (Gibert and 

Pessel, 2001; Sailhac and Marquis, 2001, Saracco et al., 2004, Gibert and Sailhac, 2008; 

Mauri et al., 2010) and gravity data (Martelet et al., 2001; Fedi et al., 2004; Cooper, 2006; 

Chamoli et al., 2011;  Abtout et al., 2014).  

The 1-D continuous wavelet transform,   abgw ,, 0  of a function  x0  is defined as 

convolution product (Grossmann and Morlet, 1984; Grossmann et al., 1985)    

         bgDdxx
a

xb
g

a
abgw a 000

1
,,  







 
 



            (1) 
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Where the function  xg  is called the analyzing wavelet, a is the dilation 

parameter, b is the translation parameter, and the dilation operator aD is defined by the 

following action (Goupillaud et al., 1984),         

         









a

x
g

a
xgDa

1
      (2) 

In the case of 2-D potential fields anomaly data measured in the horizontal plane, the 

1-D wavelet transform given by equation (1) may be generalized to give ridgelet transform 

(Candès, 1998; Candès and Donoho, 1999),  

       
 

 






 








 
 dxdyyx

a

xb
g

a

dx
dxdyyxsy

a

xb
r

a
sabrR ,,,,

1
,,, 000

2

  

      absRTgW ,,,
//0     (3) 

where s is a unit vector perpendicular to the anomaly strike, 
//

s is a unit vector in the 

direction of the elongated anomaly, the analyzing ridgelet is obtained by steering a 1-D 

Poisson wavelet  xg in the perpendicular direction y , RT is the Radon transform of the 

potential field anomaly. Equation (3) shows that the ridgelet transform of 2-D anomalies is 

given by the 1-D wavelet transform applied in the Radon domain. In practice, this is done by 

computing a 1-D wavelet transform for each direction in the Radon domain. 

Explicitly the extension of the method in 3-D is to add an angular parameter in the 

wavelet domain by using the ridgelet transform which consists in a Radon transform (in 2-D) 

prior to a 1-D wavelet transform (Boukerbout, 2004; Boukerbout and Gibert, 2006; Sailhac et 

al., 2009). More than localization, this method leads to an image of the anomalies causative 

structures both in the 2-D and 3-D cases. 

In the present study, we use the complex ridgelet transform since we use complex 

analyzing wavelets (Sailhac et al., 2000; Boukerbout et al., 2003). The imaginary part of the 

latter is the Hilbert transform of their real part, thus the wavelets are analytic signals whose 
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envelop (or modulus) and phase can be computed. The inclination of identified sources is 

obtained from the phase of the complex continuous transform (Sailhac et al., 2000). Both the 

modulus and the phase of the ridgelet transform display conspicuous cone-like patterns 

associated with each analyzed anomaly (Boukerbout and Gibert, 2006). The cone-like 

appearance apex is pointing onto the source depth and its likelihood is practically evaluated 

with entropy criteria (Tass et al., 1998; Boukerbout et al., 2003; Boukerbout and Gibert, 

2006). 

The results obtained from the aeromagnetic data analysis in the case 3-D, are shown in 

figure 6. The structures responsible of magnetic anomalies are shown in the top of figure 

while their location in the crust is shown in bottom. The 3-D image of the Chlef region is 

complex as well as its geological context and seismotectonic sketch.   

Figure 6. 

The identified structures consist of a juxtaposition of prismatic bodies or blocks at 

various depths along the range of observed depths.  

The deepest structures identified from aeromagnetic data are elongated in E-W 

direction and are bordering the region in its northern and southern parts. Their depth reaches 

31 km within the offshore magnetic anomaly; 20 km along the coast within                                                                                                                                                                                                                                                                                 

volcanic structures and 29 km in the South within Ouarsenis Mounts. The general tendencies 

of the identified structures in the Chlef basin are NE-SW, NW-SE and E-W, with a depth 

ranging from near surface to 25 km. The N-S structures within the Chlef basin are located 

between depths varying from 9 to 16 km. In the North (offshore), the N-S structures limiting 

westward coastal and offshore anomalies reach 20 km of depth.  

The present deformation in the Chlef basin is mainly related to a transpression with N-

S to NNW-SSE shortening direction, which is expressed by active tectonic responsible of the 

earthquake activity (Philippe & Meghraoui, 1983, Meghraoui et al., 1986; Meghraoui and 
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Pondrelli, 2012; Medaouri et al., 2014). The NE-SW trending folds and NE-SW active 

sinistral transpressive faults were activated during the 1954 and 1980 destructive earthquakes 

(Bezzeghoud et al., 1995; Ouyed et al., 1981). These reverse faults and related folding are 

disposed on right lateral echelon and should be coupled with NW-SE to E-W trending strike-

slip deep active faults (Meghraoui, 1982, 1986, 1988; Thomas, 1985; Chiarabba et al, 1997). 

The NE-SW faults are associated with asymmetric folds and the different tectonic structures 

define some NE-SW blocks (Thomas, 1985; Morel & Meghraoui, 1996). A kinematics model 

of block rotation related to a transpression with NNW-SSE direction of plates convergence, is 

proposed in the Chlef basin (Meghraoui et al., 1996) where the blocks rotation was previously 

studied with paleomagnetic investigations by Aïfa et al., 1992 and recently by (Derder et al., 

2011; Derder et al., 2013; Aifa, 2014).  

Figure 7. 

The compilation of all these identified magnetized features from different analyzing 

methods is reported on the shaded map and correlated with the seismicity of the area  (Figure 

7). Many of identified structures are located on active zones. The recognized lineaments show 

polygonal shapes at different scales and corroborate the theory of structure in blocks of the 

Chlef basin as defined by many authors.  

We would like to sketch out the shape of the topography of the magnetized substratum 

and how are connected the identified structures in depth. So we choose to process an N-S 

profile running across the magnetic anomalies from the Mediterranean Sea until Ouarsenis 

mounts, throughout the sedimentary basin in the Oued Fodda area. This profile extracted from 

the magnetic anomaly map, is located at longitude of 1°40’E. We use the complex one 

dimensional wavelet transform (Sailhac et al., 2000; Boukerbout et al., 2003) to analyze it. 

The modulus and the phase values of the complex wavelet coefficients allow us to identify 

both the depth and the dip of the structures.  
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Figures 8a, 8b, 8c, 8d, 8e. 

The figure “8 a” represents the corresponding topographic and bathymetric profile. 

The altitudes in this area vary from 500 to 1500m onshore and reach -2700m offshore. This 

suggests that the area is very steep.  

The N-S structural cross-section (figure 8 b) along the profile shows that the area 

displays in surface folds and thrusting accidents, trending from NE-SW to ENE-WSW 

directions. The folds result from transpressive phases related to thrusting accidents. In 

subsurface the basin is affected by sub-vertical accidents. The substratum (African and 

Maghrebides) outcrop in the North and is rising in the basin. 

The intensity of the magnetic anomaly (Figure 8 c Top) varies from -40 to +40nT. 

The modulus of the continuous wavelet transform (Figure 8 c Middle) shows the 

signature of many contacts or faults. The depth of the identified magnetized structures along 

this profile, using the maximum entropy criteria (Figure 8 c Bottom), is ranging between 6 

and 30km. The very deep magnetized structures are located mainly in the Ouarsenis Mounts 

area and in the Mediterranean Sea, while the less deep ones are located in the sedimentary 

basin and give an estimation of its thickness.  From South to North along the profile, in the 

Ouarsenis Mounts area, the first identified fault is located at the latitude of 3975km and at 

depth of 8 km. The phase of the wavelet transform (Figure 8 d) identifies this fault with an 

inclination of 90°. The second fault is located at latitude of 3996km and at depth of 14km 

with an inclination of 90°. The third fault identified in this area is located at latitude of 4002 

km at depth of 10km with an inclination of 50°. In the Oued Fodda- El Abadia region, the first 

fault is identified at latitude of 4010km (O. Fodda) at depth of 6km with an inclination of 30°, 

this is confirmed by the results of dislocation model of vertical movements for this area 

(Bezzeghoud et al., 1995). The second fault is located at latitude of 4020km at depth of 14km 

with an inclination of 54°. In the Bou Maâd-Damous area, the identified magnetized 
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substratum is located at latitudes between 4030km (Bou Maâd) and 4047 km (Damous) and 

depth ranging from 20km to 29km (Volcanism of Damous) with an inclination varying from 

90° to 160°. The last part of this profile is over the Mediterranean Sea. Here we depict three 

contacts or faults located at latitudes of 4050, 4056 and 4066km and at depth of 16, 18 and 

24km and inclination of 180°, 170° and 100° respectively. The first idea without any 

assumption we have, in modeling this part of the profile, is that, the deep structure offshore is 

a basaltic structure where, some mantle material more susceptible than basalt, intrudes 

through the contacts and faults. The second interpretation for this offshore part of profile 

according to the identified structures and different studies in the Mediterranean Sea (Galdeano 

and Rossignol, 1977; Mauffret et al., 1987; Gelabert et al., 2002; Mauffret et al., 2004; 

Cavazza et al., 2004; Domzig et al., 2006; Leprêtre et al., 2013; Badji et al., 2014; 

Bouyahiaoui et al., 2015), that the identified structures may correspond to the boundary 

between two blocks with different susceptibilities, and could be the limit of African and 

Eurasian plates in the Miocene, when the opening of the Mediterranean Sea happened and the 

AlKaPeCa blocks were drifted and collided with the African plate.       

Along this profile, some deep identified structures are well correlated with the 

seismicity along the profile and the observed structures on the structural cross-section (Figure 

8 e), either by merging, extending those in the same direction or shifting those in the 

perpendicular one.  Whereas many others complete the structural information. There is also a 

good correlation with other geophysical and geological studies (Ouyed et al., 1983; 

Meghraoui, 1988; Avouac et al., 1992; Bezzeghoud et al., 1995; Aifa et al., 2003; Yelles et 

al., 2006; Afalfiz et al., 2009; Beldjoudi et al., 2012; Abtout et al., 2014).   
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7. Correlation between magnetic and gravity results 

 

We compare the results obtained from magnetic data analysis with those obtained with 

the gravity ones (Abtout et al., 2014), especially in the Chlef basin, where there is a good 

gravity data curvature. 

The common anomalies observed both on the gravimetric and magnetic maps 

correlated to geological data, correspond, in the West part of the studied area, to bodies within 

the Chlef basin. The Boukadir positive magnetic anomaly, which is negative in gravity, is 

made up of two lobes disrupted by a discontinuity in the NW-SE direction. In a northward, 

there is a negative magnetic anomaly corresponding to the Ouled Fares anticline and appears 

also negative on the gravity map. The positive anomaly in the East is identified on the Doui 

massif, which is better defined, but appears very weak on the gravity map. The negative one 

coincides with the positive gravimetric anomaly and is located upon the thrusting Jurassic 

massifs of Temoulga and Rouina.  

Many discontinuities are identified (Figure 7). The NW-SE discontinuity is thrusting 

in the sinistral way the Boukadir anomaly. It corresponds to the gravimetric discontinuity 

which limits the basin with the uplifted substratum. The next one is perpendicular to the first 

and is identified in the South of the Boukadir anomaly. It coincides with Relizane Fault 

observed on the gravity map. More in the North of this discontinuity, two discontinuities 

appear and may correspond to El Asnam and Relizane Faults. In the East, between the 

negative magnetic anomaly and the positive one appears a discontinuity which may be 

correspond to the Palaeozoic substratum known in the South. All identified common features 

appear deeper from the magnetic data analysis, especially E-W structures bordering the north 

and south limits of the basin. 
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8. Conclusion 

 

The aeromagnetic map of the Chlef region shows good correlation with the known 

geological features and structures. Furthermore, the aeromagnetic map reveals magnetized 

bodies that are not easily recognized in the field because buried or unreachable as those 

identified in the Mediterranean Sea. The aeromagnetic map thus contributes to the geological 

interpretation onshore and offshore. The information obtained from magnetic data is 

complementary or identical to gravimetric and geological ones and converges to the same 

interpretation. 

The aeromagnetic maps show some positive short wavelength anomalies along the 

coast, corresponding to the calc-alkaline volcano formations. While in the North in 

Mediterranean Sea, in the West and in the South of the studied area, appear the positive long 

wavelength anomalies. The structures responsible of these anomalies are very deep-rooted. 

The negative anomalies in the basin are associated to the deep Palaeozoic substratum. The 

upward continued maps at different altitudes suggest that the thickness of the basin is not 

uniform and is at a meaning value of 5 km. Moreover, it confirms the uplift of the basin in its 

southern part. The identification of the magnetized material, show that the most deepest 

structures bounding the basin in the North and in the South, are oriented in the E-W direction 

and reaches the 31 km of deep. Many discontinuities are identified; those very deep affecting 

the Palaeozoic substratum, in addition to the known faults as the Oued Fodda, Boukadir and 

Relizane ones. The particular positive magnetic anomaly of Boukadir, in the Chlef basin may 

correspond to a succession of basaltic sills embedded between calcareous formations and 

which may be occurred in the Tortonian extension phase as suggested by many authors. The 
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compilation of all identified magnetic features on the shaded anomaly map shows geometric 

shape which corroborates the theory of the structure in blocks of the Chlef area.  
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List of figures 

Figure 1. Geological map of the Chlef region (Modified from Meghraoui et al., 1986). 

The studied area (four-sided figure) is located in a box ranging from: 00°33’- 02°00’E in 

longitude and 35°48’-36°56’N in latitude. 

Figure 2. Aeromagnetic map of Chlef region: total field anomaly reduced to the pole. 

Figure 3. Aeromagnetic map of Chlef region: total field anomaly 5 km upward 

continued for showing long wavelengths. 

Figure 4. Aeromagnetic map of Chlef region: shaded map of total field anomaly 

reduced to the pole. This map allows seeing the magnetized structures and the correspondence 

with geological features. 

Figure 5. Aeromagnetic map of Chlef region: vertical gradient of the total field 

anomaly. Many magnetic lineaments appear corresponding to known and unknown geological 

contacts. 

Figure 6. 3-D imaging of magnetized structures identified from the wavelet and 

ridgelet transforms (top) and their locations in the crust (bottom). The North direction is given 

by the latitude axis. The colour scale corresponds to the maximum entropy criteria (Tass et 

al., 1998; Boukerbout et al., 2003; Boukerbout and Gibert, 2006; Sailhac et al., 2009) for 

selecting sources location. 
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Figure 7. The compilation of identified magnetized features (black lines) from 

different analyzing methods reported on the shaded map and correlation with seismicity of the 

area (small, intermediate and big circles: 2<M<3, 3<M<4 and M>4).  

Figure 8 a. The topographic and bathymetric profile along the N-S aeromagnetic 

profile. The altitudes in this area vary from 500 to 1500m onshore and reach -2700m offshore.  

Figure 8 b. Structural cross-section along the N-S profile (Dahra-Bou Maad, Chlef 

basin, Ouarsenis Mountains) outlining folds and accidents (Modified from Megartsi, 1996). 

Figure 8 c. Identification of the magnetized substratum along the N-S profile using the 

modulus of continuous wavelet transform. The intensity of the magnetic anomaly (top) varies 

from -45 to +40nT. 

The modulus of the continuous wavelet transform (middle) shows the signature of 

many contacts or faults. The depth (bottom) of the identified magnetized structures along this 

profile using the maximum entropy criteria is ranging between 6 and 30km. The deepest 

magnetized structures are located in the Ouarsenis Mounts (in the South) area and along the 

coast and in the Mediterranean Sea (in the North).  

Figure 8 d. The phase of the wavelet transform gives the inclination of the identified 

contacts. 

Figure 8 e. Correlation between identified structures with the continuous wavelet 

transform, the seismicity along the profile and the structural cross-section. 
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Figure 1. Geological map of the Chlef region (Modified from Meghraoui et al., 1986). 

The studied area (four-sided figure) is located in a box ranging from: 00°33’- 02°00’E in 

longitude and 35°48’-36°56’N in latitude. 
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Figure 2. Aeromagnetic map of Chlef region: total field anomaly reduced to the pole. 
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Figure 3. Aeromagnetic map of Chlef region: total field anomaly 5 km upward 

continued for showing long wavelengths. 
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Figure 4. Aeromagnetic map of Chlef region: shaded map of total field anomaly 

reduced to the pole. This map allows seeing the magnetized structures and the correspondence 

with geological features. 
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Figure 5. Aeromagnetic map of Chlef region: vertical gradient of the total field 

anomaly. Many magnetic lineaments appear corresponding to known and unknown geological 

contacts. 
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Figure 6. 3-D imaging of magnetized structures identified from the wavelet and 

ridgelet transforms (top) and their locations in the crust (bottom). The North direction is given 
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by the latitude axis. The colour scale corresponds to the maximum entropy criteria (Tass et 

al., 1998; Boukerbout et al., 2003; Boukerbout and Gibert, 2006; Sailhac et al., 2009) for 

selecting sources location. (G: Gouraya, D: Damous, O.F.: Oued Fodda, B: Boukadir, O.R.: 

Oued Rhiou). 
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Figure 7. The compilation of identified magnetized features (black lines) from 

different analyzing methods reported on the shaded map and correlation with seismicity of the 

area (small, intermediate and big circles: 2<M<3, 3<M<4 and M>4).  

 

 

 

 

 

 

 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

42 

 

 

 

 

 

 

Figure 8 a. The topographic and bathymetric profile along the N-S aeromagnetic 

profile. The altitudes in this area vary from 500 to 1500m onshore and reach -2700m offshore. 

 

 

 

Figure 8 b. Structural cross-section along the N-S profile (Dahra-Bou Maad, Chlef 

basin, Ouarsenis Mountains) outlining folds and accidents (Modified from Megartsi, 1996). 
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Figure 8 c. Identification of the magnetized substratum along the N-S profile using the 

modulus of continuous wavelet transform. The intensity of the magnetic anomaly (top) varies 

from -45 to +40nT. 

The modulus of the continuous wavelet transform (middle) shows the signature of 

many contacts or faults. The depth (bottom) of the identified magnetized structures along this 

profile using the maximum entropy criteria is ranging between 6 and 30km. The deepest 

magnetized structures are located in the Ouarsenis Mounts (in the South) area and along the 

coast and in the Mediterranean Sea (in the North).  
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Figure 8 d. The phase of the wavelet transform gives the inclination of the identified 

contacts. 

 

Figure 8 e. Correlation between identified structures with the continuous wavelet 

transform, the seismicity along the profile and the structural cross-section. 
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Highlights 

 

An aeromagnetic study of the seismically Chlef region is achieved. 

Different processing methods are used to highlight short and long wavelengths.  

The deep E-W structures limiting the area are identified. 

2-D and 3-D images of emerging and deep structures both onshore and offshore are 

done.  

A correlation between geology, seismicity and identified structures is done. 
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