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A B S T R A C T

In arid regions like the Eastern Bahira Basin, communities mainly rely on groundwater for drinking and irri-
gation. However, efficiently managing these vital resources requires a deep understanding of the underlying 
aquifers’ structure and identifying the most suitable areas for exploitation. This presents a significant challenge 
for the success of water supply and irrigation programs in the Eastern Bahira Basin. This study is based on an 
integrative approach, combining Electrical Resistivity Tomography data, with the compilation and reinterpre-
tation of pre-existing seismic, gravimetric and vertical electrical sounding data. This approach is based on 
compiling old gravimetric data and applying advanced processing techniques to determine the horizontal 
gradient maxima, which helps highlight the major structural alignments in the basin. Furthermore, the approach 
utilizes seismic data in order to enhance understanding of the deep structure of the basin, reinterpreting it in light 
of recent drilling data. The interpretation of the gravimetric and seismic data has also been validated by the 
results of vertical electrical soundings and electrical tomography that we recently acquired in the Eastern Bahira 
basin. The outcomes of this research provide new insights into the deep structure of the Eastern Bahira Basin and 
suggest the most promising hydrogeological prospects, thereby contributing to the success of the ongoing 
drinking water supply and irrigation program in the Eastern Bahira Basin.

1. Introduction

The management of groundwater resources in Morocco is a major 
challenge, particularly due to the scarcity of rainfall associated with the 
arid and semi-arid climate. In this context, the exploitation of ground-
water aquifers becomes a necessity and requires a deep understanding of 
their distribution and hydrodynamic functioning. The Eastern Bahira 
Basin (EBB), located in central Morocco (Fig. 1), is one such region 
where groundwater plays a crucial role in providing drinking water and 
supporting the agricultural activities of local communities. In this basin, 
annual rainfall rarely exceeds 200 mm, and potential evaporation is 

estimated to exceed 1000 mm (Karroum, 2015). Over the last decade, a 
significant decrease in the piezometric levels of the groundwater aqui-
fers has been observed in this basin, accompanied by an increase in 
water salinity in the shallower aquifers (El Mokhtar et al., 2012; Kar-
roum et al., 2017).

Previous studies have investigated the geometry of the sedimentary 
cover and the hydrogeological functioning of the aquifer system in the 
western and central parts of the Bahira Basin (e.g. Khalil, 1989; Er- 
rouane, 1996; El Mokhtar et al., 2012; Karroum et al., 2014, 2017; 
Elgettafi et al., 2016; Jaffal et al., 2022; Lghoul et al., 2023; Charbaoui 
et al., 2023). These studies were mainly based on reconnaissance 
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borehole data provided by the Office Chérifien of Phosphates (OCP), 
which exploits phosphate layers in these parts of the basin, and previous 
geophysical surveys and drilling carried out by the Tensift Basin Hy-
draulic Agency (ABHT). These previous studies defined three main 
aquifers in the sedimentary cover of the western and central parts of the 
Bahira basin. These are the upper aquifer, hosted in the Plio-Quaternary 
formation, the Eocene aquifer and the Turonian aquifer. The EEB re-
mains less explored and documented. This study aims to characterize the 
structure of equivalent aquifers in this area through identifying regional 
faults and depocenters, which represent the most promising areas for the 
exploitation of groundwater resources. The study is based on the 
acquisition of new Electrical Resistivity Tomography (ERT) data in the 
EBB and the reinterpretation of gravimetric and seismic data provided 
by the National Office of Hydrocarbons and Mines (ONHYM). The in-
terpretations were supported by recent drilling data provided by ABHT 
and ONHYM.

The combined analysis of multi-source geophysical data and bore-
holes provides valuable insights into the geometric, geological, and 
hydrogeological characteristics of aquifers. Geophysical techniques such 
as gravity, seismic and electrical resistivity imaging allow us to map 
subsurface features non-invasively. By integrating diverse geophysical 

datasets (gravity, seismic, ERT, and VES), it is possible to obtain a more 
accurate and detailed understanding of the subsurface aquifer structure 
and the geological controls on groundwater flow in the Eastern Bahira 
Basin, comparing to previous studies (e.g. Binley et al., 2015; Bruno and 
Vesnaver, 2021; Mohammed et al., 2023; Nouradine et al., 2024). This 
improvement lies in the use of high-resolution Electrical Resistivity 
Tomography, which offers a detailed near-surface view of the aquifers, 
combined with the reinterpretation of seismic and gravimetric data to 
better resolve deeper structures. This multi-method approach, supported 
by recent drilling data, provided a more comprehensive understanding 
of both shallow and deep aquifers in EBB. This study was carried out 
with a multi-source approach permitting to specify the structure of the 
main groundwater aquifers present in the EBB. In detail, the approach 
uses recent electrical tomography data to study the Plio-Quaternary 
aquifer, particularly in the Sed El Mejnoun area (Fig. 1). The structure 
of the Eocene aquifer was clarified by reinterpreting pre-existing vertical 
electrical sounding data and calibrating them with drilling data recently 
collected by ABHT in the EBB. The aquifer corresponding to the Turo-
nian stratigraphic horizon and the contact between sedimentary cover 
and Paleozoic basement were delineated through an in-depth analysis of 
seismic and gravimetric data.

Fig. 1. (a) Simplified geological map and location of the geophysical and borehole data used in this study; (b) synthetic stratigraphic log of the Eastern Bahira Basin 
(compiled and modified from Michard, 1976 & Boujo, 1976).
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The study provides a better understanding of the main buried 
structural elements in the EBB. In addition, the results would signifi-
cantly contribute to the identification of phosphate layers in future relief 
deposits of the Office Chérifien of Phosphates (OCP), which are planned 
for exploitation in the EBB in the near-term.

2. Hydrogeological setting

The Bahira Basin is located in central Morocco, between coordinates 
X = 260000 to 320,000 and Y = 150000 and 190,000 in the Lambert 
coordinates projection for northern Morocco (Fig. 1a). It covers an area 
of about 5000 km2 and is bounded by the Paleozoic massifs of Rehamna 
to the north and Jebilet to the south, the Mouissate plateau to the west 
and the Tessaout River to the east.

Geologically, the Bahira Basin is part of the Moroccan Meseta 
domain with a Variscan crystalline basement (Michard, 1976). This 
basement consists of schists, mica schists and flysches exposed in the 
Rehamna and Jebilet massifs (Fig. 1a). It also includes granite plutons 
formed during the Hercynian Orogeny (Piqué et al., 2007). The sedi-
mentary filling of the EBB, overlying this substratum, varies in thickness 
from a few tens to several hundred meters. It reaches more than 400 m of 
thickness, as shown by boreholes 4111/44 and 2143/44 examined in 
this study. The sedimentary sequence begins with the Triassic evaporitic 
formation (Fig. 1b). The Jurassic consists of a series of sandy limestones 
and dolomites. The Cenomanian-Turonian is mainly represented by 
limestones and calcareous marls. These formations are overlain by thick 
layers of gypsum marls of the Senonian (Karroum, 2015), followed by 
the well-known phosphatic series that comprises alternating horizons of 
phosphatic limestone, phosphatic sand, phosphatic marl, siliceous 
marls, and clay from the Maastrichtian to the Eocene. This series is 
topped by a Lutetian massive limestone known as “Thersites slab” 
(Ihbach et al., 2020). The sedimentary sequence ends with the Plio- 
Quaternary formation, which occupy most of the Bahira plain and 
consist of conglomeratic, clayey, and lacustrine limestone deposits 
(Michard, 1976; Er-Rouane, 1996) (Fig. 1b).

Structurally, the sedimentary cover of the EBB was slightly deformed 
during the atlasic tectonic phases of the Late Cretaceous and Cenozoic 
(Bouda and Salvan, 1971; Boujo, 1976). Although the margins of the 
basin were uplifted and subsequently eroded during the Alpine orogeny, 
no major tilting affects the cuesta reliefs in this region. However, the 
main talwegs draining surface waters follow the same orientations as the 
main faults mapped in the Hercynian massifs of Rehamna and Jebilet. 
The dominant orientation of these faults is N20 to N40, suggesting the 
presence of similar fault structures beneath the EBB sedimentary series, 
some of which were reactivated during the Atlasic orogeny (Karroum, 
2015). It is therefore conceivable that some of these inherited faults may 
have controlled the distribution and thickness of the sedimentary cover 
in the study area. In the phosphate mining trenches near the city of 
Benguerir, some fractures with small vertical displacements can be 
observed, related to the tectonic movements of the Eocene-Cretaceous 
phase (Karroum, 2015).

From a hydrogeological point of view, the main groundwater aqui-
fers, from top to bottom, are as follows: an aquifer surrounded by Plio- 
Quaternary silts and lacustrine limestones. The latter is generally not 
exploited due to its high salinity, which sometimes exceeds 10315 µs/cm 
(El Mokhtar et al., 2012; Karroum, 2015; Karroum et al., 2017). Further 
down, the Eocene aquifer is located in the karstified limestones of the 
Lutetian (Karroum, 2015). Deeper still is the Turonian aquifer, also 
encased in karstified limestones. An even deeper aquifer corresponds to 
the altered and fractured zones of the Paleozoic basement, often located 
near regional faults. In the EBB, the Plio-Quaternary aquifer is particu-
larly important in the Sed El Mejnoun depression (see location in 
Fig. 1a), but contains saline water, which limits its use for both drinking 
water and irrigation. The Eocene aquifer is the most exploited in the EBB 
due to its favorable hydrodynamic properties (transmissivities are in the 
order of 10-2 to 10-1 m2/s and storage coefficients vary between 2 % and 

4 %) (Karroum, 2015). The aquifer corresponding to the Turonian karst 
limestones is very rarely reached by hydraulic drilling.

3. Material and methods

The gravimetric method is mainly used to study the regional geology 
of sedimentary basins. It allows the delineation of subsurface structures 
and the determination of their depths (e.g. Rochdane et al., 2014; 
Crombez et al., 2020; Florio, 2020; Saada et al., 2022; Araffa et al., 
2023). In this study, we used gravimetric measurements carried out by 
the Fondazione Ing. C. M. Lerici in 1964, which were made available to 
us by the Moroccan Ministry of Energy and Mines (MEM). These mea-
surements were carried out on an irregular grid with an average sam-
pling interval of 1 km (Fig. 1a), which is suitable for resolving large- 
scale structural features but limits the detection of smaller geological 
variations in the sedimentary cover. The Bouguer anomaly map pro-
vided was established using a reduction density of 2.67 g/cm3. As a first 
treatment applied to the Bouguer anomaly data, a residual anomaly map 
of the EBB was calculated by subtracting the regional effect. The analysis 
of this map helps delineate of the main structural highs and lows that 
would characterize the deep geometry of the sedimentary cover in this 
basin. Afterwards, a contact analysis technique was applied to the 
gravity data through the calculation of the horizontal gradient of the 
residual anomaly map followed by the automatic detection of its max-
ima using an algorithm based on the method proposed by Blakely and 
Simpson (1986). The obtained map facilitated the mapping of the main 
geological contacts that would control this deep geometry of the EBB. 
The used approach is familiar, and its effectiveness has been demon-
strated by several studies worldwide (e.g., Selim, 2016; Silahtar et al., 
2020; Jaffal et al., 2022).

Seismic methods provide high-resolution images of subsurface 
structures by analyzing the propagation of seismic waves through 
different geological materials (Yilmaz, 2001; Kearey et al., 2002; Bellali 
et al., 2018; Cox et al., 2020). The main objective of seismic surveys is to 
map changes in acoustic impedance at the boundary between structural 
or geological units with different densities and seismic velocities (Selim, 
2016; Silahtar et al., 2020; El Kiram et al., 2019; Dentith and Mudge, 
2014). The results of such surveys allow the analysis of the overall 
structure of basins with tabular sedimentary cover, which leads to a 
better understanding of the deep structure of these basins and the 
hydrogeological framework of the aquifers that they contain (e.g. Jaffal 
et al., 2002; Hssaisoune et al., 2021; Azaiez et al., 2021).

The seismic data used in this study were obtained from the ONHYM. 
They consist of two two-dimensional time-migrated seismic sections and 
two stratigraphic columns derived from well logs with a maximum 
depth of 1035 m (see location in Fig. 1a). The data originates from a 
petroleum exploration campaign specifically targeting the Tensift Basin 
to the south of the EBB at an average depth of around 1500 m. The 
seismic survey was carried out with a 6-second recording time and a 24- 
order common midpoint fold coverage allowing the acquisition of 
seismic traces of acceptable quality.

Due to the difference in target depths between the seismic survey and 
our current study, the acquisition and data processing parameters 
employed for the seismic sections are unfortunately not optimal for our 
study’s objectives. In addition, the SEGY format of the data are not 
available, only the final time migrated sections were provided. There-
fore, a reprocessing of the data finalized to highlight shallower events 
was not possible. Nevertheless, the quality and resolution of the seismic 
data allowed the tracking of the main seismic reflectors and the iden-
tification of some main structure along the two sections.

In the two seismic sections provided, we first located the reflectors 
corresponding to geological horizons of interest for this study charac-
terized by high acoustic impedance, through calibration with well log 
data (e.g. well log 2143/44, 4111/44 and TAN101). Most of these re-
flectors show a good continuity along the section which allowed us to 
clearly delineate them. The identified reflectors are the Paleozoic- 
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Triassic Transition, the top of the Upper Triassic, the top of the Turonian 
limestone and the top of Lutetian carbonate slab. Careful verification 
was carried out at the intersection of these two sections. This tracking 
allowed the identification of interpreted faults that would control the 
deep geometry of the sedimentary cover in the EBB.

The third geophysical technique implemented within the framework 
of the present study is the Electrical resistivity tomography (ERT). This 
method provides resistivity models of the subsurface and was shown to 
be effective in identifying and characterising groundwater aquifers (e.g. 
Kumar et al., 2020; Ihbach et al., 2020; Charbaoui et al., 2023; Mickus 
et al., 2022). In this study, two two-dimensional ERT profiles of 2.5 km 
and 1.5 km length were carried out using the Syscal Pro instrument, 
equipped with 96 electrodes spaced at 5-meter intervals. This setup was 
chosen to balance depth penetration and resolution, employing a 
Wenner-Schlumberger array to optimize sensitivity and depth of inves-
tigation. The profiles were located in the Sed El Mejnoun depression, 
central part of the EBB (Fig. 1a), to specify the structure of the Plio- 
Quaternary cover and the aquifers it encloses. The geoelectric models 
derived from the inversion of the data using the Res2DInv software 
(Loke, 2010) helped to clarify these structures. These models were 
completed by the results of VES surveys formerly carried out along the 
three profiles VES1, VES2 and VES3 by the General Company of 
Geophysics (CGG) in the same area (Fig. 1a).

The interpretation of the seismic sections and the obtained geo-
electric models were controlled by the available drilling data to the 
depth of approximately 1000 m. The same data were also used to create 
a geological cross section in the central part of the study area. This cross 
section was also used to validate the interpretation of the seismic sec-
tions. It also supported the interpretation of the deep structure of the 
sedimentary cover in the EBB.

4. Results & Discussion

4.1. Analysis of gravimetric data

Examination of the Bouguer anomaly map corresponding to the EBB 
reveals the presence of major gravimetric anomalies of varying ampli-
tude and extent. The map shows a regional gradient characterized by 
increasing values from − 55 mGal to − 5 mGal from east to west (Fig. 2a). 
This regional effect (approximately 0.7 mGal/km) was determined using 
a polynomial regression (Draper & Smith, 1998) and subtracted from the 
Bouguer anomaly data to produce the residual anomaly map (Fig. 2b). 
The latter map enhances the visibility of the gravimetric anomalies. The 
positive anomalies, P1, P2 and P3, correspond to structural highs asso-
ciated with the uplift of the Paleozoic basement exposed in the Jebilet 
and Rehamna massifs and the sub-outcrop in the Douar Rhirat area and 
near the city of Benguerir. The negative gravimetric anomalies, N1 and 
N2, are attributed to structural depressions corresponding to areas 
where thick sedimentary formations from the Triassic to the Tertiary 
have accumulated. Negative anomaly N2, located east of Kelaa Sraghna, 
is elongated E-W and extends into the southern periphery of the Ouled 
Abdoun basin (El Kiram et al., 2019). In contrast, anomaly N3 is 
attributed to a sub-outcropping granitic massif in the Benguerir region.

Geological contacts related to density contrasts between two adja-
cent formations are better characterized by calculating the horizontal 
gradient. This operation, carried out on the residual anomaly map, has 
allowed the identification of the main non-outcropping geological con-
tacts. Fig. 2c shows the maxima of the horizontal gradient obtained for 
the main alignments, superimposed on the residual anomaly map of the 
EBB. The identified alignments GF1 and GF2 correspond to the contacts 
of the Paleozoic basement of Jebilet and Rehamna with the sedimentary 
cover of the EBB. Alignment GF3 corresponds to the contact between the 
granitic massif and the sedimentary cover of the basin. In addition, we 
have identified two families of intra-basin contacts: contacts GF4, GF5, 
GF6, GF7 and GF8 are broadly NE-SW trending (N50 to N60). They 
probably correspond to faults that controlled the emplacement of the 

sedimentary cover and are probably inherited from reactivated Hercy-
nian faults during the Atlassian orogeny (Karroum, 2015). Contacts GF9 
and GF10, oriented N110 and N120, are also attributed to reactivated 
Hercynian faults. These major contacts delineate different blocks in the 
sedimentary cover and basement, roughly facilitating a stair-step 
structure from north to south of the basin.

The geological map of the EBB does not allow the identification of 
faults corresponding to these contacts. These are expected to appear on 
the surface as zones with intense fracturing, such as those observed in 
the phosphate mining trenches near the city of Benguerir. Although not 
mapped at the surface, these identified contacts represent potential 
recharge zones for the studied groundwater aquifers, which correspond 
to the karstified limestones of the Lutetian and Turonian (Jaffal et al., 
2022; Lghoul et al., 2023). These faults, identified through the inter-
pretation of gravimetric data, have certainly played an important role in 
the distribution of formations and the thickness of the sedimentary 
cover, facilitating the establishment of depocenters, particularly on the 
southern side of the basin. They therefore play a role in controlling the 
characteristics of the studied aquifers and the groundwater flow.

4.2. Interpretation of seismic data

The interpretation of the seismic data focused primarily on the 
identification of reflectors corresponding to the main aquifers being 
investigated and the tracking of these reflectors along the available SP1 
and SP2 seismic profiles. This identification was facilitated by available 
drilling data and a geological cross section established in the central part 
of the basin.

The interpretation of the seismic sections was based on data from 
boreholes TAN101, 2143/44 and 4111/44, which provided the actual 
depths of the main aquifers investigated. Fig. 3a shows the reflectors 
attributed to the Turonian karstic limestones, the upper Triassic, and the 
Paleozoic basement, identified on seismic section SP1, as well as the 
interpreted faults SF1, SF2 and SF3. Fig. 3b shows the GP1 residual 
gravimetric profile. The negative gravimetric anomaly to the west of the 
profile coincides with the presence of a granitic massif with a density of 
2.4 g/cm3 compared to 2.67 g/cm3 for the sedimentary cover. The 
density values assigned to these two units were determined based on 
available information on the local geology of the study area (e.g., Khalil, 
1989; Er-Rouane, 1996; Karroum, 2015) and general knowledge of rock 
densities measured from rock samples (Telford et al., 1990; Sharma, 
1997). These values were chosen because they provide the best overlap 
between the calculated and observed anomalies. The negative anomaly 
at the eastern end of the profile is explained by the presence of diapirs, 
which sometimes materialize in this area. This salt diapir is not 
completely clear on the seismic section but its interpretation is 
approximated on SP1 profile.

The seismic reflector corresponding to the Eocene aquifer could not 
be identified in this section due to its shallow depth. The one corre-
sponding to the Turonian limestones is at a depth of approximately 300 
m, as indicated in boreholes 4111/44 and 2143/44 and can be easily 
tracked along the examined seismic section. The depth of this aquifer 
across the central part of the EBB can therefore be approximately 
predicted.

Fig. 4a shows the location of the seismic reflectors attributed to the 
main aquifers of the EBB, corresponding respectively to the top of the 
Lutetian Thersites limestone slab and the top of the Turonian karstic 
limestones. It also shows the seismic reflectors attributed to the Triassic 
and Paleozoic tops. The position of the latter two reflectors on this 
section has been correlated to the equivalents markers on section SP1 at 
the intersection point of the two seismic profiles. This figure illustrates 
the general configuration of the deep structure of the sedimentary cover 
in this basin, which is clearly controlled by major E-W and NE-SW 
trending faults. Those intersected by seismic profile SP2 correspond to 
the interpreted faults SF2, SF4 and SF5. The gravimetric profile GP2 
(Fig. 4b) explains the negative gravimetric anomaly N1, which 
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Fig. 2. (a) Bouguer anomaly map of the study area. (b) Map of residual anomalies of the study area. (c) Map showing (1) major and (2) minor geological contacts 
derived from (3) the maxima of the calculated horizontal gradient. GFx: Gravity Fault. GPx: Gravity Profile. Nx: Negative anomaly. Px: Positive anomaly.
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corresponds to a large depression filled with sedimentary deposits in the 
vicinity of the Hercynian Jebilet massif. The density contrast between 
the two geological formations is responsible for the N1 anomaly.

The seismic reflector corresponding to the Eocene aquifer is located 
at a depth of approximately 100 m, as indicated by borehole 2143/44 
and verified by the established geological cross-section (Fig. 4c). The 
tracking of this reflector along the examined seismic section provides an 
estimate of its average depth, which may exceed 200 m towards the 
south, due also to the activity of the fault SF2. The reflector corre-
sponding to the Turonian limestones is variably positioned, starting at a 
depth of approximately 100 m north of fault SF2 and extending to over 
400 m in depth in region situated between faults SF2 and SF5.

The combined analysis of gravimetric and seismic data allows the 
correspondence of gravimetric faults with interpreted seismic faults. The 
locations of the gravimetric faults (GF1, GF2, GF4, GF5, GF7) revealed 
by the calculation of the horizontal gradient coincide with the inter-
preted seismic faults SF5, SF4, SF2, SF1 and SF3 respectively. These 
faults, which do not appear at the surface, are important structures 
rooted in the Paleozoic basement. They have probably controlled the 
sedimentation of the sedimentary cover in the EBB by promoting 
depocenters in the southern part of the basin. These geological struc-
tures should have a significant hydrogeological control on the thickness 
of the main studied aquifers, their recharge, and their deep hydrody-
namics (Jaffal et al., 2022; Lghoul et al., 2023). Indeed, it is evident that 
the thickness of the aquifers increases towards the south, following the 
general evolution of the rest of the sedimentary cover. In particular, the 
interpreted faults (GF1 and GF2), which bring the Paleozoic Jebilet and 
Rehamna massifs into contact with the sedimentary cover, should play a 
predominant role in the recharge of the studied aquifers. Those located 
in the central part of the basin, covered by the less permeable Plio- 
Quaternary cover, are expected to play a moderate role in this recharge.

4.3. Subsurface geoelectrical models

Despite the limited depth of investigation of the electrical resistivity 
survey that we recently carried out in the central part of the EBB, the 
obtained geoelectric models (ERT1 and ERT2) offer a valuable insights 
into the geometry of the Plio-Quaternary formation. The models reveal 
that the imaged subsurface layers are dominated by highly conductive 
facies, which is attributed to the high salinity content of the sediments. 
These high conductivity zones are indicative of saline water saturation, 
which a common feature in the Plio-Quaternary aquifers in arid and 
semi-arid regions.

The detailed analysis of these models shows distinct electrical re-
sistivity variations across different subsurface layers. Fig. 5 illustrates 
the main subdivisions of the Plio-Quaternary formation based on the 
ERT1 profile, where the uppermost layers correspond to more conduc-
tive units, suggesting a high salt concentration, likely due to evaporation 
processes and the limited recharge of fresh water in the basin. These 
conditions are consistent with previous hydrogeological studies that 
highlighted the challenges of water salinity in the EBB (El Mokhtar et al., 
2012; Karroum, 2015).

The geoelectrical models also show that the base of the Plio- 
Quaternary formation is located beyond the 100-meter depth, where 
the resistivity values suggest a transition from the saline aquifer to the 
underlying Eocene limestone aquifer (Thersites slab). The VES data ac-
quired earlier by CGG complement these models by providing con-
straints on the depth to the top of the Eocene aquifer, which deepens 
progressively from north to south, reaching a maximum depth of 
approximately 180 m (Fig. 5). This gradual deepening reflects the 
structural dip of the sedimentary layers, controlled by regional tectonics 
and fault systems.

The analysis of the electrical resistivity tomography, coupled with 

Fig. 3. (a) Interpreted seismic section SP1. (b) Residual gravimetric profile GP1. SFx: Seismic Fault.
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the VES data, indicates that the Plio-Quaternary formation though sa-
line, plays a significant role in controlling the recharge dynamics of the 
Eocene aquifer. The salinity observed in the shallow aquifers may act as 
a barrier to fresh groundwater recharge in certain areas, which has 
implications for the long-term sustainability of groundwater resources in 
the region.

Moreover, the integration of the geoelectrical models with the 
seismic reflector positions from the SP2 seismic section enabled us to 
more accurately constrain the depth and extent of the Eocene aquifer. 

The ERT data provided a higher-resolution near-surface image, while 
the seismic data offered insights into the deeper structures, such as the 
Lutetian limestones and their role in forming the lower boundary of the 
aquifer system. The combined use of these methods has allowed us to 
better understand the hydrogeological potential of the Eocene aquifer 
and its relation to the overlying Plio-Quaternary deposits.

Fig. 4. (a) Interpreted seismic section SP2. SFx: Seismic Fault. (b) Residual gravimetric profile GP2. (c) Geological section generated from borehole data used to 
verify the position of the seismic reflectors.
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4.4. Potential hydrogeological prospects

Fig. 6 provides a comprehensive view of the regional structural 
framework and its hydrogeological implications in the EBB. The map 
illustrates key features such as structural highs, structural lows, granitic 
intrusions, regional faults, and zones with varying hydrogeological 
prospects (ranging from moderate to very good). This figure is essential 
for understanding the interaction between deep structures and 
groundwater systems within the basin.

The structural framework, which is roughly an asymmetric syncline, 
plays a crucial role in controlling the distribution and recharge potential 
of groundwater. The geological lineaments derived from the gravimetric 
data are consistent with the interpreted seismic faults, further con-
firming their role in shaping the deep structure of the EBB. These 
structures control the overall geometry of the sedimentary cover, which 
is generally monoclinal and dips slightly towards the southeast. Notably, 

a large ENE-WSW trending sub-basins trough in the southern part of the 
EBB (blue areas in Fig. 6) corresponds to areas of increased sediment 
accumulation, which are likely potential zones for groundwater storage.

In the central part of the basin, the newly acquired ERT data have 
provided more detailed imaging of the structural low in the Sed El 
Mejnoun depression, clearly identifying the depth and extent of its 
basement. The geoelectrical models also reveal the deeper continuation 
of the geological formations that outcrop to the north of this depression. 
These formations play a crucial role in controlling the movement and 
storage of groundwater, making the Sed El Mejnoun area a potential 
zone for further hydrogeological investigation.

This map also highlights major geological contacts rooted in the 
Paleozoic basement, which have been inherited from the Hercynian 
orogeny. These contacts have controlled on the one hand, the sedi-
mentation of the Mesozoic and Cenozoic cover in the EBB and, on the 
other hand, the present structure shaped by the Atlasic orogeny. The 

Fig. 5. Geoelectric models obtained by inversion of data from profiles ERT1 and ERT2 showing conductive (C) and Resistive (R) geologic units.

Fig. 6. Map synthesizing the major features of the deep structure of the EBB and their hydrogeological implications.
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subvertical nature of the faults, with their predominant southern dip 
(except for fault 5, which dips northward), suggests that these structures 
serve as important conduits for groundwater flow. Their stair-step 
configuration from NW to SE controls the distribution of aquifers and 
influences recharge areas within the basin.

Additionally, the study has characterized the structural high associ-
ated with a sub-outcropping granitic intrusion in the western part of the 
EBB. This granitic intrusion likely affects the local permeability and 
groundwater flow, leading to variations in groundwater availability in 
the surrounding areas. Such structural highs may limit groundwater 
storage but could also influence deeper aquifer recharge in nearby 
faulted zones.

4.5. Hydrogeological implications

The precision of the deep geological structure of the EBB clearly has 
direct hydrogeological implications: The study shows that the Plio- 
Quaternary formation, which covers the unconfined aquifer of the 
EBB, is particularly thick in the central part of the basin and can reach a 
thickness of 200 m in the Sed El Mejnoun depression. Deeper down, the 
geological structures defined by this study would control the thickness 
and functioning of the Eocene and Turonian aquifers. In fact, the 
thickness of these two aquifers is expected to follow the overall evolu-
tion of the sedimentary cover, as outlined above. Thus, this thickness 
would be greater in the structural lows delineated by the identified 
geological contacts. These contacts also control the depth of the two 
main aquifers investigated. The depths of these aquifers, inferred from 
the interpretation of seismic sections and verified by borehole data and 
the established geological cross section, vary from 200 to 400 m for the 
Eocene aquifer and from 300 to over 450 m for the Turonian aquifer. 
Furthermore, the faults interpreted in this study undoubtedly play a 
predominant role in the recharge of these two main aquifers of the EBB 
and in their hydrodynamic functioning. Faults GF1 and GF2, which 
materialize the contact between the Jebilet and Rehamna massifs and 
the sedimentary cover of the EBB, should play an important role in the 
infiltration of meteoric water into these aquifers. Faults GF3 to GF10, 
which are not mapped at the surface, should also play the same role but 
possibly with a lower importance. In addition, all these major faults 
would also represent preferential zones for groundwater flow. Conse-
quently, areas of obvious hydrogeological interest would be the deep 
intersection of these faults with the aquifer horizons, particularly in the 
structural lows. Drilling to access the Eocene and Turonian aquifers 
should therefore be carefully placed to target such perimeters. Fig. 6
highlights the most promising hydrogeological prospects in the EBB. By 
illustrating the relationships between geological structures and the hy-
drodynamics of groundwater aquifers, our study highlights the impor-
tance of compilation and combined analysis of geological and 
geophysical data, even in a lesser-known basin, to better guide drilling 
campaigns for groundwater exploitation and to meet the needs for 
drinking water and irrigation in a region where this is a major challenge.

5. Conclusions

This study has provided new insights into the deep geological and 
hydrogeological structure of the EBB through a combined analysis of 
geological and geophysical data. Its findings help compensate for the 
lack of documentation on this part of the Bahira basin.

The study revealed that the Plio-Quaternary aquifer is characterized 
by high salinity, which impacts its potential for sustainable use in irri-
gation and drinking water. The ERT models, along with the reinterpre-
tation of VES data, provided valuable constraints on the depth and 
extent of the Eocene aquifer, suggesting that its thickness and distribu-
tion are controlled by regional fault systems. These findings underscore 
the importance of structural controls on groundwater flow and recharge 
processes within the basin.

In addition, the integration of seismic and gravimetric data helped 

refine the understanding of deeper structures, particularly the Lutetian 
and Turonian limestone units, which play a crucial role in the aquifer 
system. The identified regional faults and structural depressions repre-
sent promising targets for groundwater exploitation, particularly in the 
southern and central parts of the basin.

The methodology applied in this study has proven to be effective in 
addressing the challenges of aquifer characterization in arid regions like 
the EBB. The findings have direct implications for improving ground-
water resource management, contributing to more effective strategies 
for addressing water scarcity in the region. Future research should focus 
on further refining the structural models and expanding geophysical 
surveys to cover adjacent areas of the basin to enhance groundwater 
exploitation potential.
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Hydrogéologiques et la Qualité des Eaux de la Plaine de la Bahira (Maroc centrale). 
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