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Abstract: In this geophysical study, we carried out four Electrical Resistivity Tomog-
raphy (ERT) profiles and one Vertical Electrical Sounding (VES) in the Palaeozoic Zone
in the Rabat-Tiflet region, Morocco. Measurements were accomplished in and around
the limestone quarry exploited by the company named ‘Société Des Granulats de Tiflet’
(SDGT) located in our study area. The aim of this study is to delineate the structural
organization, especially the spatial distribution of limestone deposits which represents the
main formations of this Palaeozoic zone in the Rabat-Tiflet region. Analysis of 2D inverse
model resistivity sections show some anomalous contacts and the existence of subsurface
lenticular bodies with resistivity going from 100 to 1500 2m, potentially corresponding
to limestone rock. Also, vertical electrical sounding achieving near the SDGT showed a
layer with a resistivity of 317 Qm at 6 m depth interpreted as limestone conglomerates or
limestone deposits. More, during our geological survey, we observed along the Oued Bou
Regreg valley and in some abandoned quarries located in the same area, lenticular blocks
with different sizes globally having an NNW-SSE direction. These results contributed,
even in small scall, to clarify the structural organization of the Palaeozoic Zone in the
Rabat-Tiflet region. To map out with high precision this geological complex region, more
electrical and seismic profiles as well geochemical studies are recommended.

Key words: Electrical Resistivity Tomography (ERT), Vertical Electrical Sounding
(VES), Palaeozoic Zone in the Rabat-Tiflet region, 2D inverse model resistivity
1. Introduction

Massive limestone layers are considered as valuable natural resources for
industrial development of a country, this material can be used in civil en-
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gineering projects with different forms: pulverized stones, calcined stones
with production of quicklime (CaO), chopped stones (extracted from quar-
ries and cut for construction) and crushed stones aggregates (Keith and
Webb, 2015). In Morocco, limestone blocks are used frequently as orna-
mental rocks, located mainly in central of Morocco, along the Bou-Acila
marbles deposits. Many studies have been conducted to characterize these
exploitable materials (Ouali and Ajakane, 2015; Lghoul et al., 2011; Jilali et
al., 2015; Azizi et al., 2018). In the Rabat-Tiflet region, limestone deposits
have Paleozoic age, they were subject to various controversies according
to their age, structural organization, and location (Piqué, 1981; Lakhloufi,
2002; Mehdioui et al., 2020; Becker and El Hassani, 2020).

Geophysical techniques are very useful for characterizing and mapping
subsurface features since they are non-destructive, low cost and fast meth-
ods. They are considered useful and effective in many applications, such
as studying groundwater quality and saltwater intrusion in coastal aquifers
(Singh et al., 2022; 2021; Swileam et al., 2019; Kumar et al., 2020), under-
standing internal landslide structures and identifying areas at increased risk
of instability (Mondal et al., 2008), determining geological formations and
hydrogeological properties (Gautam and Biswas, 2016), or detecting waste
along geological bodies like along the Moroccan phosphate deposits (El As-
sel et al., 2011).

This study aims to use of Electrical Resistivity Tomography (ERT) and
Vertical Electrical Sounding (VES) in order to clarify the structural organi-
zation of the Paleozoic Zone in the Rabat-Tiflet region (PZRT in Morocco).
Stratigraphy, this Paleozoic zone is made by Ordovician, Silurian, and De-
vonian deposits essentially limestone rocks (Becker and El Hassani, 2020).
Electrical resistivity data were collected along four section profiles and then
inverted in order to obtain the spatial distribution of the true resistivity
values for different subsurface layers. The dipole-dipole electrode array was
chosen because it is suitable for shallow formations and can cover a fairly
large surface area (Loke, 2001 and 2011).

2. Study area

The study area is located in the Paleozoic zone of the Rabat-Tiflet region
which represents the NW part of western Meseta, Morocco (Fig. 1A). It
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includes three main geological units: the Sehoul block sited in the north,
the Bouregreg anticline in the centre, and the Sidi Bettache basin in the
south (Fig. 1B).
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Fig. 1. Map showing the study area. 1A: Principal structural domains in Morocco. 1B:
Main units of the Palaeozoic Zone in the Rabat-Tiflet region (after Tahiri et al., 2010).

Geologically, the Sehoul block is mainly composed of Cambrian phyl-
lades and granites rocks related to the Caledonian orogeny in Morocco (El
Hassani, 1990; Piqué et al., 1993). It is characterized by about 500 m thick
deltaic series dated Cambro-Ordovician and affected by isoclinal metamor-
phic folds (Piqué, 1979; El Hassani et al., 1991).

The Bou Regreg anticline has sedimentary deposits ranging from the
Lower Ordovician to the Upper Visean age (Izart, 1990). The silicate plat-
form deposits of the Ordovician are overlayed by a thick sedimentary series
(200 m) made by microconglomerate, black shales, limestones, sandstone
and nodular limestones formations. In some areas, Ordovician deposits are
intercalated with pillow lavas and dolerites rocks (Piqué, 1979; El Hassani,
1990; El Hassani et al., 1991; El Hadi et al., 201}).
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The Sidi Bettache basin located in the south includes deposits derived
from erosion and disintegration of the Sehoul block ridges (Piqué, 1979;
El Hassani, 1990; El Hassani et al., 1991; Izart, 1990) dated from the Fa-
menno-Tournaisian to the upper Visean. They are made by sandstones,
limestones and shales formations. Finally, Palaeozoic deposits are roughly
overlayed along the Bou Regreg valleys by the Mio-Pliocene to the Quater-
nary cover (Piqué, 1979; El Hassani, 1990).

The PZRT region extends in a rectangular shape with 60 km in length
and circa 7 km in width elongated in an E-W direction. Research conduct-
ed by Piqué (1979-1994) and El Hassani (1990) suggested that this zone
has known a N—S compressional movement leading to an anticlinal structure
elongated E-W with a southward inclination. The core of the anticlinal con-
sists of the Ordovician and Silurian formations, the Famenno-Tournaisian
age formations of the Sidi Bettach basin form bands that mark the southern
flank of the anticline (Piqué, 1979). Others studies (Cailleux et al.; 1984)
suggested that structurally, this region was affected during the Paleozoic by
two dextral strike-slip faults, the first one oriented N80, while the second
was oriented about N120.

Lakhloufi et al. (2001) and Lakhloufi (2002 & 2021) have achieved many
structural researches in this region, their results suggested that the PZRT
region corresponds to a mega-shear zone oriented E-W with a minimum
displacement of 30 km and was accompanied by two strike-slip faults; a
NNW-SSE dextral fault and NE-SW senestral fault which cut perpendicu-
larly the previous structures. This mega-shear event has led to the formation
of pre-Palaeozoic and Palaeozoic blocks with lenses shapes. Lakhloufi (2002
& 2021) proposed to give this zone the name of “North Mesetian Shear Zone
(NMSZ)”.

3. Methodology
3.1. Data acquisition
3.1.1. Electrical Resistivity Tomography (ERT)

The object of our survey was to characterize the structural organization of
the Palaeozoic formations especially the limestones deposits at the subsur-
face. The results will help the SDGT company to optimize the operations of
extraction of limestone layers. To achieve this goal, electrical tomography
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method was chosen, it uses inversion techniques to reconstruct a vertical sec-
tion of true resistivity values for subsurface layers. This geophysical method
aims to introduce an electrical current into the soil using current electrodes
placed at the surface and measures the drop in current flow potential at
potential electrodes. The larger space between the electrodes, the deeper
current penetration and more depth determination is possible. This method
is based on the capacity of geological layers to resist the flow of electric cur-
rent, influenced by various factors such as porosity, water content, salinity,
and presence of the clay.

The dipole-dipole array was used, it measures values called apparent re-
sistivity which represent a weighted average of the resistivity under the soil
according to the geometry between two pairs of electrodes, the current and
the measured potential ones. This method offers a way to plot raw data of
apparent resistivity values and to get an idea of a cross-section of the sub-
surface. Inversion software is then used the RES2DINV to convert apparent
resistivity values to true resistivity ones in order to create a realistic image
of the ground.

The dipole-dipole array has many advantages, it’s relatively simple to
perform a survey along profile lines, it gives a very detailed image with
high resolution and the measures are fast because it offers multichannel ca-
pability. Finally, this array helps to cover a wide area and to investigate
subsurface structures (Loke, 2011).

Data acquisition of ERT was conducted using the ARES II multi-electrode
resistivity meter 850 v5.61 (SN: 1603387), the electrode positions were de-
termined using a GARMIN handheld GPS device.

We conducted five electrical profiles with united electrode spacing 5m,
however, due to the quality of data, we analysed only four (Fig. 2). Profiles
1 and 2 were established on the west side of the study area having respec-
tively NW-SE direction with 180 m length and E-W direction with length
of 120 m. Profiles 4 and 5 were conducted in the south of the study area
and 1.5 km far from the SDGT quarry with the same direction NNW-SSE
and long respectively 160 m and 120 m.

3.1.2. Vertical Electrical Sounding (VES)

VES method is widely used in geophysical electrical technics to assess the
electrical resistivity of subsurface layers. It consists of injecting an electrical
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Fig. 2. Location of electrical profiles and geological formations in the study area.

current into the ground through current electrodes labelled A and B, while
potential electrodes M and N measure the potential difference. For VES, we
used the ARES II 850 v5.61 geophysical equipment (SN: 1603387) with the
Schlumberger device. This instrument takes a reading in the mid-point be-
tween the current and potential dipoles with progressively increasing spaces.
MN electrodes spacing was 2, 5, and 20 m and the AB spacing was adjusted
incrementally with 3, 4, 6, 10, 15, 20, and 150 m according to the desired
depth of investigation.

A modelling process, IPI2WIN, is then used to generate a 1D resistivity
profile as a function of depth. These results are compared with the known
resistivity values of the materials to analyse the stratigraphy of the under-
ground layers.

The measured apparent resistivity values were then plotted against elec-
trode spacings (AB/2) to generate a resistivity-depth curve. This curve
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gives an idea of approximate resistivity ranges for various formations along
the subsurface. Trying to correlate layers with limestone deposits is not
an easy task because this rock presents a wide range of resistivity values
ranging from 50 to 10000 Qm (Reynolds, 2011).

3.2. Data processing

After measurements, inversion software RES2DINV software was used to
represent the subsurface in a discrete way using a grid or a series of blocks.
The object is to calculate predicted electrical responses and to compare
these responses with the observed data (Loke and Lane, 2004). This inver-
sion process consists of minimizing the difference between the observed and
the calculated data using the least squares method or other mathematical
techniques such as the Gauss-Newton method or the Levenberg-Marquardt
method (Loke, 2011). The least-squares method with smoothing constraint
is based on the following equations:

(JTJ —I—,uF) =JTg,
F=rff"+f,f",

where fy = horizontal flatness filter,
f, = vertical flatness filter,
J = matrix of partial derivatives,
¢ = damping factor,
g = discrepancy vector.

Finally, with these modelling techniques, we are able to reconstruct the
distribution of electrical resistivity true values for the cross section of the
subsurface layers.

4. Results, interpretations and discussion

The analysis of 2D electrical resistivity tomography models helps to identify
variations in the distribution of electrical properties within the subsurface
layers. These variations can include saturation zones, interfaces between
different geological formations, or the presence of aquifers (Gautam and
Biswas, 2016).
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Electrical tomography profiles interpretation aims to compare the resis-
tivity values with reference values for various geological materials, for exam-
ple, limestones show high resistivity values compared to clay or sandstones
(Redhaounia et al., 2016). This interpretation could be easier and more
accurate in case of the existence of boreholes in the study area or with
additional data collected during geological surveys.

4.1. Vertical electrical soundings (C1VES)

The analysis of VES profile conducted in the southeastern part of the quarry
indicates four different resistivity values interpreted by the existence of four
geological formations (Fig. 3). From the surface, a 6 m thick layer with an
average resistivity of 60 Qm, may correspond to deposit mixture of pelite or
shale and crushed sandstone. The second one is characterized by a resistivity
of approximately 341 Qdm at 6 m depth with a thickness of 9 m. This layer
could correspond to limestone rocks and limestone conglomerates. The third
layer has low resistivity value circa 7 (2m and an approximate thickness of
18 m. This layer could correspond to the pelites or argillites due to its
high conductivity (Chouteau and Giroux, 2005). The deeper fourth layer
(more than 33 m) corresponds to the bedrock, characterized by a very high
resistivity and could correspond to phyllades and granites formations. These
results could be useful while the interpretation of our four 2D electrical
resistivity tomography profiles.
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Fig. 3. Vertical electrical sounding results.

4.2. Electrical profile P1 (Fig. 4)

Profile P1 has a NW-SE direction, it shows two units with different resis-
tivity values separated by a discontinuity. The NW unit shows block (1)
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characterized by low resistivity values ranging from 8 to 67 Qm, extending
from the surface to a depth of 33 meters. This resistivity suggests the pres-
ence of pelite and crushed sandstone deposits. On the other hand, the SE
unit shows high resistivity values with two distinct geological formations
(2 and 3). Layer (2) which is approximately 20 m thick, has resistivity
values ranging from about 100 to 800 Qm, potentially corresponds to fis-
sured limestone blocks, this layer is similar to the entire upper formations of
the southern complex at SDGT quarry and has significant potential for the
limestone extraction. Layer (3) represents very resistant formations with
resistivity exceeding 2000 {dm, possibly corresponding to magmatic rocks as
granites or metamorphic ones as quartzites according to previous geologi-
cal studies achieved in this region (Lakhloufi, 2002; Mehdioui et al., 2020;
Becker and El Hassani, 2020). It should be noted that the discontinuity
between the two blocks exists from the surface and exceeds 33 m.
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Fig. 4. Inverse model resistivity section of profile 1.

4.3. Profile P2 (Fig. 5)

Profile 2 has an E-W direction, it shows three distinct blocks with different
resistivity values. Block (1), situated on the western side of the profile, dis-
plays low resistivity values ranging from 3 to 22 Qm, suggesting the presence
of pelite and crushed sandstone deposits. Blocks (2) and (3), located on the
eastern side, show moderate resistivity values ranging from 39 to 300 Qm,
likely corresponding to sandstone and limestone formations. Isolate bodies,
within block (3) with NW-SE direction and separated by discontinuities,
are clearly visible between 60 and 80 m along the profile, indicating results
of potential shearing movements that has known this zone in the past.

We note that profile P2 intersects profile P1 on its southeastern side,
resistant blocks are observed on the eastern side of profile P2, it’s in accor-
dance with the interpretation given in P1. Block (3) in P2 shows resistivity
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Fig. 5. Inverse model resistivity section of profile 2.

values close to those of the layer located at 6 m with a thickness of 9 m
interpreted from vertical electrical sounding (C1VES). These results sup-
port the postulate that formations in block (3) of P2 could be limestone or
mixture deposits of limestone conglomerate with nodular limestones.

4.4. Profiles P4 (Fig. 6) and P5 (Fig. 7)

Profiles P4 and P5 were located close to each other on the west side of the
study area, at a distance of about 1.5 km from the SDGT quarry and have
the NNW-SSE direction. P4 shows approximately three distinct resistivity
blocks. Block (1) sis in the southeast of the profile displays low resistivity
ranging from 3 to 22 Qm, with a depth exceeding 20 m, it could correspond
to pelites and sandstones formations. Block (2) demonstrates moderate re-
sistivity values ranging from 23.4 to 160 2m that could be explained by
the existence of marl deposits. Block (3) has resistivity values exceeding
160 Qm, this could correspond to the limestone or limestone conglomerates
deposits. In addition, at shallow-depth, we note lenticular bodies (4) with
NNW-SSE direction observed along the profile, they have similar range of
resistivity values as block (3). These lenticular bodies could correspond
to Devonian limestone formations and could be dislocated by a NW-SE
dextral strike slip movement that this region has experienced during the
hercynian orogeny (post Visean period) as proposed by Lakhloufi (2002).
In addition, during our geological survey, many dislocated formations have
been observed along the outcrops in diverse places.

Profile 5 displays similar blocks organization to profile 4. We note also
the existence of the subsurface lenticular bodies with the same direction and
resistivity values as described in profile 4.

To ensure the reliability of the data, different histograms were generated
using the RES2DINV software to depict the percentage error of the appar-

216



Contributions to Geophysics and Geodesy Vol. 53/3, 2023 (207-224)

ent resistivity (Fig. 8). For profiles 1 and 2, the resistivity measurement
error percentage is around 6%. The correlation between the measured and
calculated apparent resistivity is nearly perfect, with the data points prop-
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Fig. 8. RMS error for profiles P1, P2, P4, and P5.
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erly clustered along the linear curve.

For profile 4, the error percentage is around 9%, and the correlation be-
tween the measured and calculated apparent resistivity is quite good. The
cloud points follow the curve but it’s more concentrated in the middle. Con-
cerning profile 5, the correlation between the measured and the calculated
apparent resistivity is not as strong as in the other profiles, but it is still
quite good, the error percentage for this profile is around 10%. According to
these histograms, we can conclude that the four profiles were well executed.

4.5. Discussion

The analysis of the 2D electrical resistivity tomography profiles 1 and 2,
located in the eastern side of our study area and close to the SDGT quarry,
help us to have an idea regarding the spatial distribution and depth of
Paleozoic formations and specially limestone deposits. Profile 1 shows a
southeastern block with high resistivity values which could corresponds to
limestone layers suitable for exploitation by the SDGT quarry.

Profiles 4 and 5, located in the west side of our study area and far approx-
imately 2 km from profiles 1 and 2, show lenticular bodies with NNW-SSE
direction and different size located at shallow depth.

According to El Hassani (199/4), the SDGT quarry, located in the Pale-
ozoic Zone in the Rabat-Tiflet region, belongs to the Ain El Klab sedimen-
tary series dated Famenno-Tournasian and is formed by sandstones, pelites,
siliceous conglomerates, and nodular calcareous conglomerates formations.
Also, geological observations show isolated lenticular limestones bodies along
the excavated areas in the SDGT and AZOUZI quarries and on the surface
(Fig. 9). These structural features indicate the tectonic complexity that
have influenced the geologic formations in this particular zone.

Other study carried out by Lakhloufi (2002) suggested that the structural
organization of the Palaeozoic Zone in the Rabat-Tiflet region has similari-
ties with the Northern Band unit (NB) in the North Mesetian Shear Zone
(NMSZ). This zone was described as a wide megashear zone located along
the Oued Bou Regreg valley. Various sedimentary rocks ranging from the
Cambrian to the Upper Visean, as well as magmatic rocks (Upper Devo-
nian granite and Ordovician basalts), have undergone tectonic dislocation
and have led to the formation of tectonic lenses and blocks with different
sizes (Fig. 10).
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Fig. 9. Lenticular limestone bodies; a) in the SDGT and AZOUZI quarries b) zoom on
the SDGT quarry; c¢) at the surface.

The structural organization described above is well interpreted by section
AB with N-S direction (Lakhloufi, 2002), it shows lenticular bodies-oriented
E-W to NE-SW specially in the North band unit. This interpretation is in
concordance with recent satellite image of the study area taken in February
2023 along the Bou Regreg River (Fig. 11).

5. Conclusion

In this study, geophysical investigations, mainly four 2D electrical tomo-
graphic profiles and one vertical electrical sounding, were carried out. The
analysis of these profiles showed complex structural organization of the
Palaeozoic formations in the Rabat-Tiflet region (Morocco) characterized
in general by subsurface layers with moderate to high resistivity values that
could represent sandstones and limestone conglomerate deposits or isolated
lenticular limestone bodies separated by small discontinuities. These lentic-
ular bodies showed a general direction NNW-SSE with a vergence toward
the W.

According to previous geological studies leaded by Lakhloufi et al. (2001)
and Lakhloufi (2002 & 2021) in the same region, this structural arrange-
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ment is in concordance with structures observed in the northern band (NB)
of the southern corridor (SC) within what they called the “North Mesetian
Shear Zone (NMSZ)”. Results of these studies postulate that the NMSZ is
made by upper Proterozoic granite, Ordovician basalts and Ordovician to
Devonian sedimentary formations. This region has experienced during the
Hercynian orogeny (post Visean period) two strike-slip faults; a NNW-SSE
dextral fault and a NE-SW senestral fault which gave dislocated and iso-
lated lenses composed by various sedimentary blocks and magmatic rocks.
Further, these structural features are in agreement with structures observed
in recent satellite images.

The combination of geophysical profiles analysis, geological studies and
satellite image observations helps us to contribute to delineate, even in small
scale, the structural organization of the Palaeozoic Zone in the Rabat-Tiflet
region. These results are valuable for geological mapping, resources assess-
ment and tectonic evolution studies of this region.

To better follow the spatial distribution of limestone formations in the
SDGT quarry, part of the Palaecozoic Zone in the Rabat-Tiflet region, more
geophysical and geochemical studies are recommended for an effective and
sustainable management of these valuable materials.

Acknowledgements. The authors are very grateful to the research team of
the LAMERN-EMI laboratory, Mohammed V University in Rabat (Morocco), who pro-
vided us with the necessary equipment to perform the electrical tomography. Thanks to
Prof. Laaziz Youness, to a Ph.D. student Sassioui Slimane, and to our friend Christopher
Moussouami for their help along our geological and especially geophysical surveys.

Compliance with ethical standards. Disclosure of potential conflicts of
interest: The authors declare that they have no conflict of interest. Research involving
human participants and/or animals: This article does not contain studies with human
participants or animals conducted by any of the authors. Informed consent: Informed
consent was obtained from all individual participants included in the study.

References

Azizi M., Mohamed A., Hafid M., Kharis A.-A., Hritta D., Boualoul M., 2018: Apport De
La Prospection Géoelectrique (Tomographie Et Trainé Eléctrique) A L’étude Des
Tourmalinites Stanniferes d’Achmmache (Maroc Central) (Contribution of geoelec-
trical prospecting (tomography and electrical tracing) to the study of the stannifer-
ous tourmalinites of Achmmache (central Morocco)). Eur. Sci. J., 14, 15, 343-363,
doi: 10.19044/esj.2018.v14n15p343 (in French with English abstract).

221



Monsard N. I. et al.: Contribution of Electrical Resistivity Tomography ...  (207-224)

Becker R. T., El Hassani A., 2020: Devonian to Lower Carboniferous stratigraphy and
facies of the Moroccan Meseta: implications for palacogeography and structural in-
terpretation — a project outline. Front. Sci. Eng., 10, 1, 9-25, doi: 10.34874/IMIST
.PRSM/fsejournal-v10i1.27132.

Cailleux Y., Deloche Ch., Gonord H., Rolin P., 1984: Mise en évidence de deux couloirs de
cisaillement dans la zone paléozoique de Rabat- Tiflet (Maroc septentrional); impli-
cations structurales et cartographiques (Evidence of two cross wrench fault systems
in the Rabat-Tiflet area (northern Morocco); Structural and mapping implications).
C. R. Acad. Sci., Paris, Ser. II, 299, 9, 569-572 (in French).

Chouteau M., Giroux B., 2005: Géophysique appliquée II, GLQ 3202, Méthodes élec-
triques, Notes de cours (Applied Geophysics II, GLQ 3202, Electrical Methods,
Course Notes). URL: http://cbrosson.free.fr/Public/Divers/Master2pro/Cou
rs_Doc/Univ_Laval/Cours_GeophyApp/Electrique.pdf, 82 p. (in French).

El Assel N., Kchikach A., Teixidé T., Pefia J. A., Jaffal M., Guerin R., Lutz P., Jourani E.-
S., Amaghzaz M., 2011: A Ground Penetrating Radar and Electrical Resistivity To-
mography Prospection for Detecting Sterile Bodies in the Phosphatic Bearing of Sidi
Chennane (Morocco). Int. J. Geosci., 2, 4, 406-413, doi: 10.4236/ijg.2011.24044.

El Hadi H., Tahiri A., Simancas F. Gonzales Lodero F., Azor A., Martinez Poyatos D.,
2014: Pillow lavas of Rabat (northwestern Moroccan Meseta): transitional geo-
chemical signature of magmas set up in an early Ordovician extending platform.
Eur. J. Sci. Res., 122, 1, 45-57.

El Hassani A., 1990: La bordure nord de la chaine hercynienne du Maroc, Chaine “Ca-
lédonienne” des Sehoul et plate-forme nord-mesetienne (The northern edge of the
Hercynian chain in Morocco, the “Caledonian” Sehoul chain and the northern Mese-
tian platform). Thesis, Univ. L. Pasteur, Strasbourg, 208 p.

El Hassani A., Huon S., Hoepfiner C., Whitechurch H., Piqué A., 1991: Une déformation
d’age Ordovicien moyen dans la zone des Sehoul (Meseta marocaine septentrionale).
Regard sur les segments “calédoniens” au NW de I’Afrique (A middle Ordovician
deformation in the Sehoul zone (northern Moroccan Meseta). The “Caledonian”
belts of northwest Africa). C. R. Acad. Sci., 312, 9, 1027-1032 (in French).

El Hassani A., 1994: Tectonique de la Meseta nord occidentale (Tectonics of the north-
western Meseta). Bulletin de | Institute Scientifique, 18, 107-124 (in French).

Gautam P. K., Biswas A., 2016: 2D Geo-Electrical Imaging for Shallow Depth Investiga-
tion in Doon Valley Sub-Himalaya, Uttarakhand, India. Model. Earth Syst. Envi-
ron., 2, 4, 1-9, doi: 10.1007/s40808-016-0225-4.

Izart A., 1990: Dynamique des corps sédimentaires clastiques dans les bassins carboniferes
de la Meseta (Dynamics of clastic sedimentary bodies in the Carboniferous basins of
the Meseta). Université de Bourgogne, Habilitation thesis (unpublished, in French).

Jilali A., Mounir A., Zarhloule Y., Najib A., Kerchaoui S., Baba E., 2015: Apport de
la géophysique a la compréhension des structures géologiques profondes de 'oasis
de Figuig (Haut Atlas Oriental, Maroc) (Contribution of geophysics to under-
stand geological structures of the oasis of Figuig (eastern High Atlas, Morocco)).
J. Mater. Environ. Sci., 6, 1, 236-245 (in French with English abstract).

222



Contributions to Geophysics and Geodesy Vol. 53/3, 2023 (207-224)

Keith E. A., Webb T. C. (Eds.), 2015: Le calcaire (Limestone). Ministére de I'Energie et
des Mines du Nouveau-Brunswick, Division de I’exploration, de I’exploitation et de
la gestion des ressources, Profil des minéraux commercialisables no. 11, 7 p. (in
French).

Kumar D., Rajesh K., Mondal S., Warsi T., Rangarajan R., 2020: Groundwater explo-
ration in limestone—shale—quartzite terrain through 2D electrical resistivity tomog-
raphy in Tadipatri, Anantapur district, Andhra Pradesh. J. Earth Syst. Sci., 129,
1, 71, doi: 10.1007/s12040-020-1341-0.

Lakhloufi A., Hamoumi N., Saquaque A., 2001: Vergence des structures varisques et
modalités de la structuration du Bassin de Sidi Bettache (Maroc hercynien nord-
occidental): Implications géodynamiques (Vergence of Variscan structures and struc-
turing of the Sidi Bettache Basin (north-western Hercynian Morocco): Geodynamic
implications). Bol. R. Soc. Esp. Hist. Nat. (Secc. Geol.), 96, 3-4, 1728 (in French).

Lakhloufi A., 2002: Evolution géodynamique des bassins de Sidi Bettache et de Brachwa-
Maaziz et réinterprétation de l'histoire de l’orogeneése hercynienne post-viséenne
au Maroc (Geodynamic evolution of the Sidi Bettache and Brachwa-Maaziz basins
and reinterpretation of the history of post-Visean Hercynian orogeny in Morocco).
PhD thesis, 612 p., Université Mohamed V, Faculté des Sciences, Rabat, HAL ID:
tel-03599049, https://tel.archives-ouvertes.fr/tel-03599049 (in French).

Lakhloufi A., 2021: Moroccan Hercynian history: another version of the story. Acad. Lett.,
Article 4469, doi: 10.20935/AL4469.

Lghoul M., Kchikach A., Guérin R., Hakkou R., Zouhri L., Bendjdoudi H., Teixidé T.,
Pena J. A., Enrique L., 2011: Apport des méthodes géophysiques dans la car-
actérisation du site minier abandonné de Kettara (Jebiletes, Maroc): Contribution
au projet de rehabilitation (Contribution of geophysical methods to the characterisa-
tion of the abandoned mining site of Kettara (Jebiletes, Morocco): Contribution to
the rehabilitation project). CMGAB, Algiers, Algeria, April 12-14, 2011 (in French).

Loke M. H., 2001: Electrical imaging surveys for environmental and engineering studies.
A Practical Guide to 2D and 3D Surveys. RES2DINV Manual, IRIS Instruments,
https://www.iris-instruments.com/.

Loke M. H., Lane J. W. Jr., 2004: Inversion of data from electrical resistivity imaging
surveys in water-covered areas. Explor. Geophys., 35, 4, 266271, doi: 10.1071/EGO
4266.

Loke M. H., 2011: Electrical Resistivity Surveys and Data Interpretation. In: Gupta H. K.
(Ed.): Encyclopedia of Solid Earth Geophysics, Encyclopedia of Earth Sciences
Series. Dordrecht, Springer Netherlands, 276-283, doi: 10.1007/978-90-481-8702
-7_46.

Mehdioui S., Hassan El Hadi H., Tahiri A., Brilha J., El Haibi H., Tahiri M., 2020:
Inventory and Quantitative Assessment of Geosites in Rabat-Tiflet Region (North
Western Morocco): Preliminary Study to Evaluate the Potential of the Area to
Become a Geopark. Geoheritage, 12, 2, 35, doi: 10.1007/s12371-020-00456-5.

Mondal S. K., Sastry R. G., Pachauri A. K., Gautam P. K., 2008: High resolution
2D electrical resistivity tomography to characterize active Naitwar Bazar landslide,
Garhwal Himalaya, India. Curr. Sci., 94, 7, 871-875.

223



Monsard N. I. et al.: Contribution of Electrical Resistivity Tomography ...  (207-224)

Ouali H., Ajakane R., 2015: Caractérisation et valorisation du calcaire métamorphique de
Bou-Acila (Maroc Central) (Characterization and valuation of metamorphic lime-
stone of Bou-Acila (Central Morocco)). Int. J. Innov. Appl. Stud., 11, 3, 778-784
(in French with English abstract).

Piqué A., 1979: Evolution structurale d’un segment de la chaine hercynienne. La Méséta
marocaine nord-occidentale (Structural evolution of a segment of the Hercynian
chain. The north-western Moroccan Meseta). Monograph, Sciences Géologiques,
Bulletins et Mémoires, 56, 1, https://www.persee.fr/doc/sgeol_0302-2684_1979
mon_56_1 (in French).

Piqué A., 1981: Développement de la schistosité dans les grauwackes cambriennes de la
Meseta cotiere (Maroc) (Development of schistosity in the Cambrian greywackes of
the coastal Meseta (Morocco)). Sciences Géologiques, Bulletins et Mémoires, 34, 2,
107-116, https://doi.org/10.3406/sgeol.1981.1594 (in French).

Piqué A., El Hassani A., Hoepffner C., 1993: Les déformations ordoviciennes dans la zone
des Sehoul (Maroc septentrional): une orogenése calédonienne en Afrique du Nord
(Ordovician deformations in the Sehoul zone (northern Morocco): a Caledonian oro-
geny in North Africa). Can. J. Earth Sci., 30, 7, 1332-1337, doi: 10.1139/e93-114
(in French with English abstract).

Piqué A., 1994: Géologie du Maroc: les domaines régionaux et leur évolution structural
(Geology of Morocco: regional domains and their structural evolution). 284 p.,
PUMAG Edition, Marrakech (in French).

Redhaounia B., Ilondo B. O., Gabtni H., Sami K., Bédir M., 2016: Electrical Resistivity
Tomography (ERT) Applied to Karst Carbonate Aquifers: Case study from Am-
doun, Northwestern Tunisia. Pure Appl. Geophys., 173, 4, 1289-1303, doi: 10.1007
/s00024-015-1173-z.

Reynolds J. M., 2011: An Introduction to Applied and Environmental Geophysics. Wiley-
Blackwell, Hoboken, 291 p.

Singh S., Gautam P. K., Kumar P., Biswas A., Sarkar T., 2021: Delineating the char-
acteristics of saline water intrusion in the coastal aquifers of Tamil Nadu, India by
analysing the Dar-Zarrouk parameters. Contrib. Geophys. Geod., 51, 2, 141-163,
doi: 10.31577/congeo.2021.51.2.3.

Singh S., Gautam P. K., Sarkar T., Taloor A. K., 2022: Characterization of the ground-
water quality in Udham Singh Nagar of Kumaun Himalaya, Uttarakhand. Environ.
Earth Sci., 81, 19, 468, doi: 10.1007/s12665-022-10579-3.

Swileam G. S., Shahin R. R., Nasr H. M., Essa K. S.; 2019: Spatial variability assessment
of Nile alluvial soils using electrical resistivity technique. Eurasian J. Soil Sci., 8, 2,
110-117, doi: 10.18393/ejss.528851.

Tahiri A., Montero P., El Hadi H., Martinez Poyatos D., Azor A., Bea F., Simancas J. F.,
Gonzélez Lodeiro F., 2010: Geochronological data on the Rabat—Tiflet granitoids:
Their bearing on the tectonics of the Moroccan Variscides. J. Afr. Earth Sci., 57,
1-2, 1-13, doi: 10.1016/j. jafrearsci.2009.07.005.

224





