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Abstract: In the world, people are increasingly exposed to natural hazards such as earthquakes. To this
end, seismic risk mapping remains an essential topic of study in order to minimize their destructive ef-
fects. These maps are needed for both seismic risk management and for the design of infrastructure. The
challenge is to take into account local information provided by seismic sources (historical seismicity) as
well as information related to active tectonic faults.

In this article, we calculated the seismic risk in the Mascara Mountains (western Algeria) using the
geometric characteristic of known faults. This study is based on an important collection of a tectonic
database of these faults (Nature, geometry and geological context). This information is relevant for their
seismic potential. Indeed, by including these formations we tried to compute the seismic risk this region
characterized by weak seismicity. Our results show more or less alarming facts. Indeed, the magnitude
values calculated are between 4.85 and 7.25, whereas the magnitudes obtained by experimental seis-
micity do not exceed 6 on the Richter scale. The values of the maximum ground acceleration (PGA) are
between 0.03 and 0.28 g. These results were compared with assessments made on the basis of historical
seismicity; the maximum values obtained do not exceed 0.2 g. The higher values of magnitude calculated
from the active faults is due to: (i) the nature of the faults (inverse, normal and strike slip), (ii) the ge-
ometry (length and depth) and (iii) that some of these faults may have an aseismic character.
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1. INTRODUCTION

In northern Algeria, natural hazards usually have terrible consequences both physi-
cally and in terms of loss of life; however, their suddenness, their spatio-temporal
occurrence, and their magnitude are the interesting characteristics that scientists de-
vote considerable effort to studying to minimize their devastating effects. These natu-
ral phenomena are represented by earthquakes, landslides, landslides, landslides and
debris flow. These major risks cause considerable damage that sometimes exceeds the
reactions of the authorities concerned. (Hadji et al. 2013; Hadji et al. 2017; Manchar et
al. 2018; Mahdadi et al. 2018; Karim et al. 2018).

Located in the tellian chain of Algeria, in 100 km of the south of Oran, the
Beni-Chougrane Mountains constitute a veritable mountainous chain oriented ENE
WSW (Fig. 1). There are structured during the neotectonic period especially during
the Pliocene to the Pleistocene (Perrodon 1957; Delteil 1972; Thomas 1985; Neur-
din Trescartes 1993; Moussa 1996). Consequently, the compressive tectonic re-
gime affected this zone and produced the exhumation of these mountains. Indeed,
the Pliocene formations are situated locally in 900 m in altitude related to the same
formations located in the Habra plain (~50 m), this difference of altitude show the
strongest plio-quaternary tectonic very big exhumation (~900 m) in fewer times
(~5 my). This ascertainment show the importance of tectonic activity as reverse
and strike slip faults (Bezzeghoud et al. 1999; Ayadi et al. 2002). The southern part
of Beni-Chougrane Mountains is linked to the Ghriss plain by continuous folding.
These folds are materialized by reverse fault directly in contact with the quaternary
formation.

It is in this perspective that the present work focuses on the evaluation of seismic
risks, which is based in some way on seismicity directly from the seismic source
(active fault). Historical seismicity is often used as a reference for these calcula-
tions. The results obtained are often due to data errors related to earthquake pa-
rameters, or the parameters calculated from these data (i.e., magnitude, location, and
Gutenberg-Richter values, a, b, and M,,.x) and lack of knowledge about mitigation
relationships governing each area (Paleez et al. 2003). To reduce this uncertainty
and to optimize the real value of magnitudes and PGA, we used for the first time
a recent database of active faults in the Beni-Chougrane Mountains (Dalloni 1936;
Perrodon 1957; Delteil 1972; Thomas 1985; Neurdin Trescartes 1993). We provide
a new earthquake source model for assessing the seismic hazard of this region. The
magnitude values are obtained by several regression models (Esteva and Rosenblueth
1964; McGuire 1976; Slemmons 1977; Campbell 1981; 1988; 1997; 1982; Nuttli
1983; Well and Copersmith 1994; Xiang and Gao 1994; Vakov 1996; Stirling et al.
1996, Ambraseys and Jackson 1998; Wenousky 2008; Dowrick and Rhoades 2004;
Strasser et al. 2010). However, the PGA values are directly derived from the data of
faults according to different model (Cornell 1968; Esteva and Rosenblueth 1974;
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McGuire 1976; Campbell 1981a; Campbell 1981b; Campbell 1981c; Woodward-
Clyde 1983; Campbell 1988; Idriss 1993; Xiang and Gao 1994; Ambraseys 1995;
Campbell 1997).

The results are then compared with previous seismic hazard assessments obtained
on the historical seismicity (Bezzeghoud et al. 1999; Ayadi et al. 2002).

It is in this perspective that this work focuses on the evaluation of seismic risks
which is based in some way on the seismicity directly derived from the seismic
source (fault data). Historical seismicity is often used as a reference for these cal-
culations.

To try to reduce this uncertainty and to optimize the real value of magnitudes and
PGA, we used for the first time a recent database of faults in the Beni-Chougrane
Mountains () to provide a new earthquake source model for assessing the seismic hazard
of the region. The seismicity, the PGA are directly derived from the data of faults ac-
cording to different model (Esteva and Rosenblueth 1964; Cornell 1968; McGuire
1976; Slemmons 1977; 1982, Campbell 1981; 1988; 1997; Nuttli 1983; Woodward
and Clyde 1983; Wenousky et al. 1983; Idriss 1985; Well and Copersmith 1994; Xiang
and Gao 1994; Ambraseys 1995; Vakov 1996; Stirling et al. 1996; Ambraseys and
Jackson 1998; Dowrick and Rhoades 2004; Strasser et al. 2010). The results are then
compared with previous seismic hazard assessments obtained on the basis of historical
seismicity (Bezzeghoud et al. 1999; Ayadi et al. 2002).
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Fig. 1. Geographical situation of Beni-Chougrane Mountains.
The grey color represents the tellian chain of the west Algeria
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2. SEISMIC HISTORY

In the Beni-Chougrane Mountains, historical seismicity reveals strong intensity earth-
quakes. Indeed, we quote various case like the earthquake that occurred in March
1819 characterized by an intensity of /, = X, relative to the scale of Merkali (MKS) or
the earthquake of November 22th, 1851 (I, = VIII) as well as the last one happened in
November 29th 1887 (I, = X) (Rothé 1950; Harbi 2006; Yeles Chouech 2006).

In this zone, the recent seismic period is characterized by a moderate and very
active seismicity. Indeed, the city of Sig, situated in a few kilometers in the North-
west of Mascara, have also been hit, on July 13th, 1967, by an earthquake whose
magnitude was evaluated at 6.1 (/, = VII-VIII) (McKenzi 1972). In August 18th,
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Fig. 2. Seismtectonic maps for Beni-Chougrane Mountains representing focal mechanisms

and main geological faults. Other focal mechanisms for these areas are shown with smaller size

of the focal sphere (FM) established by Meckenzie (1972) for the 1967 earthquake, Bezzeghoud

and Buforn (1999) for the 1994 earthquake. Arrows show direction of actual stress (black arrow)
in this area (Meghraoui and Pondrelli (2013). Open circles represent the seismicity for the period 1990

to present times (USGS and Benouar data file), the black and white circles are respectively the 1967
and 1994 earthquakes. Grey, white, blue and green Stars show the epicenters of 1994 earthquake event
registered, respectively, by USGS, CRAAG, Global CMT centers and Bezzeghoud and Buforn (1999).
a, b and ¢ represent magnitude of earthquake greater than 4, between 4 and 2 and less than 2, respectively.
The scheme in the bottom right map show the actual tectonic regime affecting the Beni-Chougrane area
according to Meghraoui and Pondrelli (2013)
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Fig. 3. Diagram showing the earthquake repartition:
a — in the times scale and b — the relationship between the magnitude and the depth

1994, this region was again affected by another earthquake which is characterized
by a magnitude of 5.8 (Fig. 1). Several seismological centers (Global CMT, USGS,
CRAAG) proposed different locations of this earthquake epicenter (Fig. 1). The
estimated seismic moment is 6.8 x 10'7 Nm (Mw 5.8, Global CMT). Bezzeghoud
and Buforn (1999) calculate a seismic moment of 3.3 x 10'” Nm from the waveform
analysis and 5.6 x 10'" Nm from the spectral analysis respectively corresponding to
magnitudes of moment (Mw) of 5.6 and 5.8 (Bezzeghoud et al. 1996). All the focal
mechanisms show that this earthquake was generated by a reverse fault oriented
ENE-WSW in about 20 km of length (Global CMT, Bezzeghoud and Buforn 1999)
(Fig. 2). This earthquake caused extensive material and human damage. The main
shock, lasting around 12 seconds, killed 171 people and injured 654 people, 289 of
whom were seriously injured. Several houses and farms (2000) were seriously de-
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stroyed including ten schools (Fig. 2). Therefore 1328 families (12 500 people) re-
mained homeless in summer season (Benouar 1994). However, it did not induce
surface traces only a few cracks and landslides were reported (Bezzeghoud and Bu-
forn 1999; Benouar et al. 1994).

Recently, a magnitude 4.4 earthquake occurred on August 17th, 2005. This earth-
quake was located at the eastern part of the Beni-Chougrane Mountains, not far from
the famous epicentral zone of the earthquake of August 18th, 1994.

The most important of these earthquakes are registered in the period from 1975 to
present day (Fig. 3a). We can explain this reality by the scientific progress and else the
effort that the worldwide give to this phenomena to minimized there big damage by
preparing the civic society (Fig. 2). These earthquakes are not deepest, indeed the
structure of Beni-Chougrane is as ridge bordered two separated basin (Habra plain and
Ghriss plain). As in the external tellian chain, this area is affected by overlap with
south vergence; this structure is in favor of a fault which becomes plate in the deepest.
We think that only the fault that constitute the Beni-Chougrane borders in the south
and in the north are very deepest, the rest are very superficial and generate this super-
ficial seismicity (Fig. 3b).

3. GEOLOGICAL SETTING

3.1. STRUCTURAL FRAMEWORK

The Beni-Chougrane Mountains are formed of much folded geological formations
with a Cretaceous basement and a very thick Cenozoic cover.

Cretaceous marl and limestone marl are characterized by Triassic gypsiferous up-
lifts along the abnormal contacts that overlie the marly Miocene formation (Fig. 4).
Nummulitic (Eocene and Oligocene), marl and sandstone, is in contact with Creta-
ceous or Miocene formations (Fig. 4). These Neogene beds, slightly wrinkled, cur-
rently cover, almost entirely, the southern border of the Beni-Chougrane Mountains
(Bekkoussa et al. 2013).

The Beni-Chougrane Mountains, arranged in the Cenozoic folding fold, are oriented
ENE/WSW thus separating two large structural units belonging to the Lower Chelif
basin (Thomas 1985; Neurdin Trescartes 1992). These include the southern sillon repre-
sented by the Ghriss Plain, and the northern sillon represented by the Habra Plain.

The first ridge corresponds to a fold with a very deformed Cretaceous nucleus, this
nucleus outcrops to the East under marl-limestone in decametric banks (Fig. 5a). This
outcrop becomes more important and outcrops largely in the center of the Beni-
-Chougrane area beyond Dj Bouziri (Fig. 5b and c). The southern bank of the Beni-
-Chougrane Mountains is characterized by an upper Miocene cover arranged in a less
rectified synclinal form (Fig. 5d).
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Fig. 4. Simplified geological map of the Beni-Chougrane Mountains (geographic coordinates):
1 — eruptive rocks; 2 — Jurassic limestones, 3 — ante-nappes formations; 4 — marl (early Miocene);
5 — conglomerate and sandstone (early Miocene); 6 — continental formation of Bou Hanifia;

7 — basis sandstone; 8 — Bleu marl; 9 — Lithothamny limestone; 10 — El bord;j sandstone formation;
11 — diatomitic formation; 12 — gypsium and marly gypsifourous; 13 — bleu marl; 14 — sea sandstone;
15 — continental sandstone and silt at Helix; and 16 — lake deposit; 17 — limestone crust; 18 — alluvium;
19 — watercourse. The black line disposed perpendicular to in the map represent
the geological cross section showing in Fig. 5
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Fig. 5. Cross-section along the Beni-Chougrane Mountains showing the geologic features
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This structure is disturbed by secondary structures of anticlines and synclines in-
terlinked within the same structure (Fig. 5). These structures are essentially formed by
Plio-Quaternary formations (Fig. 5). These include the anticlinal of Bou Ziri, Merdja,
and synclines such as those of Dzkeria, Bel Ghribe (Fig. 2, 5c), synclinal perched of
Gaada and that of Sfisef (Fig. 2, 5d).

The Cretaceous skeleton is largely covered by recent Cenozoic formations. The
Mekkera River reveals a very restricted window of this framework (Fig. 4).

3.2. TECTONIC FRAMEWORK

The late tectonic activity which is responsible of the uplifting of the Beni-Chougrane
Mountains was characterized by compressive regime. Indeed, there are several clearly
active faults in this region, which on the whole facilitate uplifting of the Beni-Chougrane
blocks along folding and high reverse faults which framework these mountains from the
North, the South and also in the West (Fig. 2). The existence of these faults was demon-
strated by several authors (Perrodon 1955; Delteil 1972; Thomas 1985; Neurdin 1993).

The southern part of Beni-Chougrane is limited by the fault of Ain Fekan which is
the relay of Sidi Belabes fault; it is in particular a right strike slip fault inducing the
torsion of the folds in its neighborhood and by the Ain fares fault oriented N140°.
Two sets can be attributed: (i) a relatively narrow folded complex (4 to 5 km) extend-
ing over 40 km and whose orientation goes from N50° to N20° under the influence of
the Mascara-Sidi Ali transverse and (ii) a developed area North-east of Mascara where
the folded structures are discontinuous. There are also N 20° strike slip faults that are
probably influenced by deeper accidents (Fig. 2).

The eastern sector has offered structures associated with NE/SW oriented reverse
faults. Several faults especially those that are oriented N140° cut this sector (Fig. 2).
However, no torsion is found which indicates that the horizontal movement is very
small. These faults probably correspond to the cutting of the base by old accidents
(Thomas 1985).

4. METHODOLOGY AND DATA PROCESSING

4.1. FAULTS MAPPING

The tectonic nature and length of active faults used are presented in this work are
based essentially on the ancient works (Daloni 1936; Delteil 1972; Thomas 1985; Neurdin
1993) (Fig. 1).

To inventory faults, we are based on oldest files for sample: (i) geological maps
(Daloni 1936; Delteil 1972; Thomas 1985; Neurdin 1992), (ii) oldest study reports
(railway and dams) and (iii) geophysical study for hydro-geological purpose (2éme
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rapport 1969). However, microtectonic indexes have been everywhere observed, in
this zone affecting generally the recent formations. These indices show both straie
with horizontal pitch indicating strike-slip faults and vertical component straie, thus
showing normal or reverse faults. We proceeded to locate the observed faults by using
GPS (Global position systems). The maps were wedged in a preferential projection
system (UTM fuseau 31), then we traced, in vector format. On a drawing layer, the
faults were superimposed on the geological map. All data coming from this study have
been reported in Table 1. Indeed, the necessary information such as length and nature
has been assigned for each of these faults. Lengths were calculated from georefer-
enced maps; however, nature was determined in basis of the geological map and also
the disposition of the faults according to the current stress (N340°). The results are
very satisfactory as we would have liked.

4.2. SEISMIC HAZARD CALCULATED USING FAULT GEOMETRY

As already stated, the methodology used for calculation of seismic hazard is that pro-
posed by several authors, which uses the fault geometry to characterize seismic poten-
tial and evaluate seismic hazard.

This assessment excludes the danger caused by the background seismicity of the
region. This is sufficient for areas where seismic characteristics prevent the establish-
ment of magnitude recurrence models for known faults, which is the case in the Beni-
Chougrane Mountains, where there is a complete lack of data. Paleo-seismic data
makes it impossible to establish magnitude or paleo-seismic recurrence periods for
specific faults. In addition, the historical seismicity of this region is dispersed (Fig. 1),
and it is difficult to associate earthquakes with faults observed on the surface. This
means that we cannot establish magnitude recurrence models for specific faults from
historical seismicity data. Therefore, we have been able to include characteristic earth-
quake models obtained by several methods.

As already mentioned, the seismic magnitude calculation is proposed by a several
authors using different models basing in the geometry of the faults (the slip zone and
the length of the faults).However the nature of the faults is also taken in consideration.
These methods make it possible to characterize the seismic potential and to evaluate
the Peak Ground acceleration (PGA).

Vakov (1996) have used 400 earthquake events and he has excluded all events re-
lated to the subduction. According to this author, these relationships can be also used
for the evaluation of earthquake mechanism types.

M, =4.973 + 1.273Log(L), (1)

where M; is the surface magnitude and L is the length.
Stirling and al (2010), studied strike slip earthquakes related to a lot of events
worldwide recorded in regional networks (California, Mexico, New Zealand, Japan,
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China and Turkey). They recommend use this regression for strike slips faults world
wild.

My=122* 1018 * L5.0 )

whose M, is the seismic moment (dyne-cm)
For strike-slip faults worldwide with L < 50 km.
To Convert M, to M,, we have used the equation

Log(M,) = 16.05+1.5M,, 3)

whose M,, is the Moment magnitude.

Well and Copersmith (1994) analyze 244 of the world’s 421 selected earthquakes
and surfaces and sub-surfaces ruptures for less than 40 km depth. These earthquakes
events are related to continental crustal for all mechanism types, both interpolate and
intra-plate. They have proposed other formulas for calculating the maximum magni-
tude M from the fault length (L) and maximum displacement (M,)

M, =6.69 +0.74Log (M,) 4

whose
My =L *0.025. )
Wenousky (1983) have developed his equation from earthquakes associated with
rupture lengths greater than about 15 km, encompassing three slip types from both

inter-plate and intra-plate tectonic environments. It’s having been used limited in con-
tinental earthquakes like in Algeria.

— Strike-slip events M, =5.56+0.87Log (L), 5)
— Normal events M, =6.12+0.47Log (L), (6)
— Reverse events M, =4.11+ 1.88Log (L). (7

Nuttli (1983) have developed this regression for mid-plate earthquakes (less than
500 km from the margins) for both continental and oceanic events. Magnitude-length
relationships are obtained from derived fault lengths, not direct length measurements
(empirical data are M, and magnitudes M, and M).

Log(My) =3.65Log(L) +21.0 ®)

Whose M is the seismic moment (dyne-cm).

Dowrick and Rhoades (2004) have developed for New Zealand events this equa-
tion in analyzing a several earthquakes. Their results have been compared to multi
regional relationships; these authors consider multiregional relationships to be a poor
estimation for New Zealand data. This relation is influenced by structural restrictions
placed on rupture width.

M, =4.73 + 1.53Log (L), L > 6.0 km. 9)
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Slemmons (1977; 1982) calculated the magnitude M from the length L (km) and
the displacement D (cm) of the strike slip, normal and reverse faults by the following
formulas:

From the length

Strike slip faults: M;=1.404 + 1.169Log(L), (10)
Reverse faults: M;=2.021+ 1.142Log(L), (11)
Normal faults: M;=0.809 + 1.341Log (L). (12)
From the fault surface

Strike slip faults: M;=6.974 + 0.084Log (D), (12)
Reverse faults: M;=6.793 + 1.306Log(D), (13)
Normal faults: M;=17.668 + 0.750Log(D). (14)

Ambraseys and Jackson (1998), have developed an equation in the eastern Mediter-
ranean sea for all types of strike slip, reverse and normal faults.

M, =5.13+1.14Log(L). (15)
for historical and instrumental data whose
M, =(0.67 * M)+ 2.07. (16)

Strasser et al. (2010), have developed this regression for subduction zone events
worldwide. They distinguish between interface and intra-slab events.

Relationship parameters are also available for width and length parameters as well
as for area in terms of magnitude (instead of magnitudes in terms of area).

M, =4.725 + 1.445 Log(L) (20 Intra-slab events used) 17)

4.3. PEAK GROUND ACCELERATION (PGA) CALCULATED
USING MAGNITUDE

Maximum ground acceleration, PGA (Peak Ground Acceleration), is an important
parameter for assessing the effects of earthquakes at a given location (Paleaz et al. 2003).
It is measured in g (acceleration due to gravity) or in cm*/s (1 g = 980 cm/s®). The
amplitude of the PGA makes it possible to get an idea of the force resultant () applied
to the mass construction (m), where F = m * a if the construction is undeformable and
moves like the ground.

PGA was calculated using the models of Cornell (1968), Esteva and Rosenblueth
(1964), McGuire (1976), Campbell (1981, 1988 and 1997), Idriss (1985), Xiang and Gao
(1994), Woodward and Clyde (1983) and Ambraseys (1995).
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Campbell (1981) has proposed three models to calculate the PGA

PGA = 0.0159¢"%(R + 0.0606¢" )", (18)
PGA =0.0185¢" (R + 0.147" 321y 175, (19)
InPGA =-3.99 + 1.28m — 1.75In(R + 0.147¢"7*"), (20)

where R is the distance from Mascara city to the seismic epicentral in km; M is mag-
nitude, and PG4 in g.
In 1988, Campbell has presented the fourth model:

InNPGA =-2.817 + 0.702M — 1.2In(R + 0.0921">**). (21)

This model is based on data from the previous 3 models. It was used, for the first
time, in the calculation of PGA in the California region.
More recently, the fifth model is proposed (Campbell 1997):

In(4h) = —3.512 + 0.904M — 1.328In(sqrt(R>+ (0.149exp(0.647M)))
+(1.125 — 0.112In(R,) — 0.0957M)F + (0.440 — 0.1711In(R,))S,,
+(0.405 — 0.222In(R,))S), + &. (22)

Ah is GPA in g; ¢ is the random error; M is the magnitude, R; is the shortest dis-
tance between Mascara City and the fault area at the depth of the seismogenetic
thickness.

F is the factor of the fault type: F' = 0 for strike slip; /' = 1 for reverse; and F' = 0.5
for normal fault.

Sy and S, are the dependent factors of physico-mechanical characters of the foun-
dation:

Si- = S, = 0 for alluvium and soil; S, = 0 and S, = 1 for soft rocks; Si-= 1 and S;. =0
for hard rocks.

In addition to Campbell formulas, the following others are also used to calculate
PGA:

Xiang and Gao model (1994):

PGA =0.2529¢""M(R + 10) — 1.1516, (23)
Idriss model (1985):
InPGA = In(~18160.8 + 13144.5M — 3272.01M* +345.034M"
—13.2363M*) — (0.42371M + 4.5975)In(R +20), (24)
Woodward-Clyde model (1983):
InPGA=-2.611+ 1.1M— 1.75MIn(R + 0.3157e"**™) if M > 6.5, (25)

InNPGA =-2.611+ 1.1M — 1.75M1In(R + 0.8217¢"*"*M) if M. < 6.5, (26)
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Cornell model (1968):
PGA =0.863¢"*M(R + 25) — 1.8, 27)
McGuire model (1976):
PGA = 0.0306e"*R — 1.17exp(-0.2), (28)
Esteva and Rosenblueth model (1964):
PGA = 5600e"*"(R + 40) — 2/980, (29)
Ambreseys model (1995):
PGA =-1,06 + (0.245M,,) — (0.00045R) — 1.016Log(R). (30)

4.4. INTERPOLATION

The magnitude and PGA data obtained by several models are directly interpolated
by kriging methods; indeed, we have used the kriging method because it is one of
the most commonly used like geostatistical methods. Kriging, like the IDW inter-
polation, create weights from surrounding measured values to predict values at un-
measured locations (Travelletti et al. 2012) (Fig. 6). However unlike IDW, kriging
directly incorporates spatial auto-correlation. Kriging weights come from a semi-
variogram, which was developed for modeling of spatial variability of a data struc-
ture (Marinoni, 2003).
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Fig.6. The variogram model elaborated for: Magnitude (a) and PGA (b).
The distances are expressed in meters and the semi-variogram value is in magnitude degrees
(Richter scale)
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To create a map of the phenomenon, the optimal linear predictions are made for lo-
cations in the investigated area (Fig. 6). They are based on the semi-variogram and
spatial arrangement of measured values that are nearby. For this purpose, we have
adjusted the variogram, the range and sill was adjusted in manner to give maximum
tendency to our point (Zavala et al. 2016)(Fig. 6).

5. RESULTS AND DISCUSSION

The seismic risk in the Beni-Chougrane Mountains was calculated on the basis of the
geometric characteristics and the nature of the known active faults, using several models
to determinate magnitude (Vakov 1996; Stirling et al. 1996; Well and Copersmith 1994;
Wenousky and Nuttli 1983; Dowrick and Rhoades 2004; Slemmons 1977; 1982; Am-
braseys and Jackson 1998; Strasser et al. 2010) and other models for evaluating PGA
(Cornell 1968; Esteva and Rosenblueth 1964; McGuire 1976; Campbell 1981; 1988;
1997; Idriss 1982; Xiang and Gao 1994; Woodward and Clyde 1983; Ambraseys 1995).
The comparison of magnitudes and PGA calculated using spatially smoothed historical
seismicity data and those directly derived from active faults gives significant and dif-
ferent results. The magnitude obtained from the instrumental seismicity varies be-
tween 2.4 and 6.1 (Fig. 7b). This finding underestimates, in some way, the seismic risk
(Fig. 7b). More specifically, we obtained PGA values for a return period of 475 years,
which are about half of those resulting from the seismicity obtained using the models
based on the geometry of the active faults. These values could certainly be real if the
movement observed in each fault occurred as established by the models.

The northern part of Mascara is characterized by a less recent tectonic activity than
in the southern part; it is in particular the angular unconformities which date back to
Miocene time (Fig. 5).

According to the location of the earthquake of 1967, this earthquake was located on
a probably old tectonic structure and was reactivated by recent tectonic stress fields.

In the central part of the Beni-Chougrane Mountains, exactly in the Hacine/Sig
axis, the calculated magnitudes show less important values ranged between 5.7 and 6.1.
These values are in agreement with the values of instrumental seismic activity (Craag,
CMT, USGS). Indeed, the earthquake of Hacine 1994, testifies this concordance
(magnitude of 5.8) (Bezzeghoud et al. 1999; Aydai et al. 2002). This area is seismi-
cally active but the length of the tectonic fault is not very important. However, the
natures of the majority of faults are strike slip.

The southern parts are represented by the abnormal contact between the Mesozoic
mountains (Sidi Kada Mountains) and the Cenozoic lands (Beni-Chougrane) (Ander-
son et al. 1936). This contact is materialized by very important accidents. In the
southwestern part, especially in the Sfisef area, this contact is materialized by reverse
faults extending over very large distances, (Thintoin 1948). This deformation regime
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is the same for the southeast region of the Beni-Chougrane Mountains. The mode of
deformation is a fold marked at its end by a reverse fault. This section will be detailed
in our next work. In this part, the values of calculated magnitudes are very important
and ranged between (6.7 to 7.3) (Fig.7a). These values correspond to interesting char-
acteristics tectonic faults: (i) reverse faults (Sfisef faults, South Mascara fault), (ii) length
exceed at 10 km and (iii) very deepest indeed its mark the transition between a very
deformed systems in the north (Beni-Chougrane Mountains) and very stable area (Ghriss
plain). Indeed, Thomas 1985 show that the structure of the Ghriss plain is a rhombus
shape framed by two main faults (Sfisef and Mascara). These faults must be deep, and
probably affect the basement. The Jebel Neffous and Jebel Bou Rheddou massifs are
only tectonic windows attesting the importance of these faults.

The fault limiting the Ghriss Plain with the Sidi Kada Mountains can generate sig-
nificant seismicity. But this seismicity will be less important compared by the magni-
tudes calculated near the reverse fault. The city of Mascara is characterized by impor-
tant magnitude ranged from 6.4 to 6.5 at the Richter scale (Fig. 7a).

We believe that the PGA values obtained using the known active fault geometry
are very significant in the Beni-Chougrane area (Fig. 7c, d). The map of accelerations
to the soils, rather show two distinct zones. The first zone located in the northwestern
part of the Beni-Chougrane Mountains characterized by PGA values ranged between
0.08 and 0.13 (Fig. 7c). The most important values are recorded around the city of
Mascara with values between 0.13 and 0.31 (Fig. 7c). Because of its position on the
highly deformed southern flank of the Beni-Chougrane Mountains, the city of Mascara
is located in the area closest to the seismic source which can been generated by a lot of
reverse faults. These faults can be responsible for larger earthquakes with great mag-
nitudes (6.7 to 7.3) (Fig.7a).

As we can see in Fig. 7, the highest values of PGA (more than 0.34, 0.44 and 0.54 g)
are found in the center of the Beni-Chougrane area. In other parts of Mascara prov-
ince, as well as in Sfisef, the PGA values are between 0.16 and 0.18. These values
correspond to the probable seismicity related to the Sfisef fault. The value of this pa-
rameter decreases in the NW part of the Beni-Chougrane Mountains, where values
reach almost 0.06 to 0.08 g.

In the North African part, the oldest stress that was NE/SW at the Pliocene.
However, it is oriented now NNW/SSE (Meghraoui and Pondrelli 2013). The stress
regime is compressive from Tortonian to present times. This compression induced
by the African plate motion is responsible of all stage of deformation in its northern
part (Atlasic and Tellian Chain); it’s also the origin of the seismicity that affects the
Tellian Chain. Indeed, in the Beni-Chougrane Mountains, the micro-seismicity is
generally due to the fact that the NE/SW and NW/SE faults facilitate the shortening
oriented NNW/SSE (Fig. 2), however, it is important to note that the Slip is much
more significant in NW/SE faults than NE/SW faults. This fact is due to the oblig-
uity of the tectonic stress with respect to the line of the movement of the fault. This
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zone has both NNW/SSE horizontal compression and a substantially perpendicular
extension, which generally causes the exhumation of Beni-Chougrane chain along
an N70° structure axis. The southern parts of the folds are always marked by reverse
faults often oriented N70°. These faults are associated with very high calculated
magnitudes. As early as the Tortonian compression, the installation of the basin of
the Ghriss plain considered as a Pull-apart basin is due to a transtension along fault
ENE/WSW in the north and faults oriented E-W in the south. The Sidi Kada fault
marks a clear boundary between a Tellian domain in the North and a Tlemcian do-
main in the South. The long lengths of these faults are at the origin of their more or
less remarkable seismicity.

The clockwise rotation of the blocks highlighted in the Chlef region (Ex Asnam)
can generate inverse faults due to the lateral overlapping movement of the blocks
(Meghraoui 1986). Thus, faults oriented NE/SW could develop. For this purpose, the
seismicity obtained from the active faults seems to me very realistic.

Another problem is that fibrous growths of minerals such as calcite, gypsum or iron
oxides are found on the exposed surfaces of the faults, indicating the direction of fault
compartments movement. This feature is not consistent with abrupt movements and
requires slow and continuous displacements, indicating that part of the fault motion is
aseismic creep (Behr et al. 1990; Deng and Sykes 1997; Beeler et al. 2001; Dragert
et al. 2001).

01 0.05 0 0.05 0.1 0.15 02

Fig. 7. Maps showing magnitude and Probabilistic seismic hazard: a — maps derived from measured data,
b — map obtained by calculating magnitude in basis of multiple regression models,
¢ — Median PGA based on the seismicity data alone and d — PGA calculating from fault data alone,
in both cases for a return period of 475 years (10% exceedance probability in 50 years).
The black square shows the position of Mascara town
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Detailed paleo-seismic studies are recurred for each fault to determine its paleo-
seismicity. New segmentation studies of these faults will also be recurred.

The continuous faults surrounding the Beni-Chougrane Mountains are parallel and
partly staggered (Fig. 2).

The seismic catalogs of the western part of Algeria are not really complete and the
oldest values are estimated from subjective intensities. In some countries, the catalogs
are the most complete for 100 or 150 years, even for medium and large sizes. For this
purpose, the quantities obtained from the active faults data complete these differences
in magnitudes.

However, in the rest of Algeria, especially in the central area, we have more or less
complete catalogs for a period that goes back more than 1000 years.

Indeed, in some areas of the Beni-Chougrane Mountains, we are certain that
a destructive earthquake (above 0.4 g) has not failed in this area during the last 1000
years.

6. CONCLUSION

The Beni-Chougrane zone is a tectonically active zone; it was the seat of some violent
earthquakes. Indeed, the magnitudes are more or less modest; however the type of
construction built remains to be desired. In this goal, the good knowledge of this phe-
nomenon can be useful to effectively protect people and people's property. It is for this
purpose that we think that tectonic structures require better knowledge to understand
and minimize the devastating effects of earthquakes. To do this, we calculated the
seismic risk in the Beni-Chougrane Mountains based on the known characteristics of
the faults, using several models. The elaborated maps were compared to spatially
smooth instrumental seismicity data (Pelaez and Lopez Casado 2002; Pelaez et al.
2003). The results are more or less disturbing especially when we know that the ob-
tained PGA values oscillate between 0.003 and 0.3 g, about twice as much as those of
instrumental seismicity alone.

These values of risk could certainly be reached if the calculated magnitude actually
occurs. Indeed, these values of magnitude are more important, they oscillate between
4.8 and 7.25 on the Richter scale, which could be real since the zone Beni-Chougrane
is in the same context as that of the Chlef zone characterized by the greatest magnitude
never recorded in Algeria (7.3).

In the current state of our knowledge, any study has been undertaken to analyze the
seismicity in the Beni-Chougrane region. These are the reasons why we prefer to show
the results separately and not summed up. We are fully confident about the results
obtained from the only seismic data, but we believe that those obtained from the active
faults data are still far from being definitive.
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