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J o u r n a l P r e -p r o o f [START_REF] Jaffal | Gravity and magnetic investigations in the Haouz basin, Morocco. Interpretation and mining implications[END_REF]. Here we combine these methodologies to interpret the available gravity data, to provide an improved understanding of the deep structures of the study area, and to help guide future hydrogeological investigations in this area.

Geological setting

The study area is part of the southern Moroccan Meseta, particularly to the Bahira-Tadla synclinal zone. The abundance of phosphate resources in this zone has been of interest to geologists who have carried out numerous studies since the middle of the 20 th century [START_REF] Benzaquen | Bassin de la Bahira-Tadla, étude structurale[END_REF][START_REF] Combe | Plateau des Ganntour et plaines de la Bahira et de la Tassaout aval. In: Ressources en eau du Maroc, Plaines et bassins du Maroc atlantique[END_REF][START_REF] Boujo | Contribution à l'étude géologique du gisement de phosphates Crétacè-Eocène des Ganntour (Maroc Occidental)[END_REF][START_REF] Michard | Eléments de géologie marocaine, Note et mémoires du service géologique du Maroc[END_REF][START_REF] La Ville | Le bassin de la Bahira : un relai entre le bassin losangique haut atlasique et la marge atlantique (Maroc)[END_REF]. Structurally, the western Bahira and the Gantour plateau form a synclinal basin that separates the Jebilet and the Rehamna Paleozoic massifs (Fig. 1A). The units of this basin are sedimentary series which extends from the Permo-Triassic to the Quaternary and particularly includes the Maastrichtian to Eocene phosphatic layers of Gantour (Fig. 1B) [START_REF] Benzaquen | Bassin de la Bahira-Tadla, étude structurale[END_REF][START_REF] Combe | Plateau des Ganntour et plaines de la Bahira et de la Tassaout aval. In: Ressources en eau du Maroc, Plaines et bassins du Maroc atlantique[END_REF][START_REF] Boujo | Contribution à l'étude géologique du gisement de phosphates Crétacè-Eocène des Ganntour (Maroc Occidental)[END_REF][START_REF] Michard | Eléments de géologie marocaine, Note et mémoires du service géologique du Maroc[END_REF][START_REF] Khalil | Contribution à l'étude hydrogéologique de la plaine de la Bahira (Maroc central)[END_REF][START_REF] Er-Rouane | Mise en oeuvre d'outils informatiques pour la modélisation du système aquifère de la Bahira (Maroc Occidental)[END_REF]. This series is discordant on the Hercynian metamorphic basement of the Moroccan Mesera, which outcrops to the north of the basin in the Rehamna massif and consists of schists, sandstones, conglomerates and granites [START_REF] Michard | Eléments de géologie marocaine, Note et mémoires du service géologique du Maroc[END_REF][START_REF] Piqué | Géologie du Maroc[END_REF] (Fig. 1A). The same basement is found in the Jebilet massif, which represents the southern limit of the WBB. In this massif, the basement is composed of Cambrian carbonate schists in the west, Upper Visean to Namurian schists and flysch known as Sarhlef schists in the center, and Ordovician psammitic schists and quartzite in the east [START_REF] Huvelin | Etude géologique et gîtologique du massif hercynien des Jebilet (Maroc occidental)[END_REF][START_REF] Er-Rouane | Mise en oeuvre d'outils informatiques pour la modélisation du système aquifère de la Bahira (Maroc Occidental)[END_REF]. Small outcrops of the Hercynian basement of Sarhlef schists are also observed to the east of the study area near Rhirat Village (Fig. 1A) [START_REF] Er-Rouane | Mise en oeuvre d'outils informatiques pour la modélisation du système aquifère de la Bahira (Maroc Occidental)[END_REF].

The Triassic age outcrops in the western part of the Jebilet massif consist of conglomerates, topped by sandstone, red pelites and doleritic basalts. Inside the WBB, the Triassic has been locally recognized by drilling and is represented by conglomerates followed by alternating layers of clays and red sandstones with some gypsum levels [START_REF] Er-Rouane | Mise en oeuvre d'outils informatiques pour la modélisation du système aquifère de la Bahira (Maroc Occidental)[END_REF][START_REF] El Mokhtar | Salinisation des eaux souterraines aux alentours des sebkhas de Sad Al Majnoun et Zima (plaine de La Bahira, Maroc)[END_REF]Karroum, 2015). The Upper Jurassic outcrops in the north-western part of the study area. It is characterized by a 200 m thick series that begins with sandy limestone and dolomitic limestone, followed by massive gypsum layers with clayey levels, and ends with marls and dolomitic limestone [START_REF] Khalil | Contribution à l'étude hydrogéologique de la plaine de la Bahira (Maroc central)[END_REF][START_REF] Er-Rouane | Mise en oeuvre d'outils informatiques pour la modélisation du système aquifère de la Bahira (Maroc Occidental)[END_REF]. The filling of the western Bahira syncline begins with a pre-Maastrichtian marl-limestone that outcrops in the northern part of the Ganntour plateau. This formation is transgressive and discordant to the underlying units, including the Paleozoic basement. It is topped by the Maastrichtian, which represents the base of the phosphate series and consists of layers of phosphatic sands, phosphatic marls, siliceous marls and clay (Fig. 2) [START_REF] Er-Rouane | Mise en oeuvre d'outils informatiques pour la modélisation du système aquifère de la Bahira (Maroc Occidental)[END_REF]. In the Paleocene and the lower Eocene (Ypresian), the phosphate series is represented by a sedimentary complex composed of a wide variety of facies, including sandstone marls, oolitic phosphates, limestone, sandy phosphates, fossiliferous limestone, phosphatic sands, sandstone marls and clays. The base of the Ypresian is marked by a clay reference horizon omnipresent throughout the basin. The Lutetian that marks the end of the phosphatic series and is made of a fossiliferous marly limestone formation known as the Thersitae slab. This epoch is characterized by the predominance of carbonate sedimentation that indicates the final retreat of the sea established in the region since the Maastrichtian transgression. This series is terminated by continental deposits of the Plio-

J o u r n a l P r e -p r o o f

Quaternary composed of conglomerates, gravels, clay and lacustrine limestone (Fig. 1 and 2) [START_REF] Khalil | Contribution à l'étude hydrogéologique de la plaine de la Bahira (Maroc central)[END_REF][START_REF] Bougadra | Synthèse hydrogéologique de la Bahira occidentale[END_REF][START_REF] Er-Rouane | Mise en oeuvre d'outils informatiques pour la modélisation du système aquifère de la Bahira (Maroc Occidental)[END_REF][START_REF] El Mokhtar | Salinisation des eaux souterraines aux alentours des sebkhas de Sad Al Majnoun et Zima (plaine de La Bahira, Maroc)[END_REF]Karroum, 2015).

From a hydrogeological point of view, the academic studies carried out in the study area resulted in the identification of different aquifers that represent reservoirs of different importance in terms of groundwater storage and productivity (Fig. 1B) [START_REF] Khalil | Contribution à l'étude hydrogéologique de la plaine de la Bahira (Maroc central)[END_REF][START_REF] Bougadra | Synthèse hydrogéologique de la Bahira occidentale[END_REF][START_REF] Er-Rouane | Mise en oeuvre d'outils informatiques pour la modélisation du système aquifère de la Bahira (Maroc Occidental)[END_REF][START_REF] El Mandour | Actualisation des connaissances hydrogéologiques du massif des Jebilets Meseta Occidentale, Maroc. Thèse de troisième cycle[END_REF][START_REF] El Mandour | Actualisation des connaissances hydrogéologiques du massif des Jebilets Meseta Occidentale, Maroc. Thèse de troisième cycle[END_REF][START_REF] El Mokhtar | Salinisation des eaux souterraines aux alentours des sebkhas de Sad Al Majnoun et Zima (plaine de La Bahira, Maroc)[END_REF]Karroum, 2015[START_REF] Ihbach | Geophysical Prospecting for Groundwater Resources in Phosphate Deposits (Morocco)[END_REF]):

-The Turonian karstified limestone, with a thickness of ~10 m, is the deepest reservoir.

-The lower phosphatic reservoir represented by the upper Maastrichtian sandy phosphates and the Thanetian sandy phosphatic marls. This reservoir is delimited by the two impermeable levels of a regional extension, namely the Maastrichtian and the Ypresian clay horizons.

-The upper phosphatic reservoir that includes the lower Ypresian siliceous phosphatic sands, the Ypresian siliceous marls with intercalation of phosphatic levels and the Lutetian siliceous marls. The Ypresian clay horizon represents the impermeable bottom of this reservoir.

-The Lutetian reservoir, which represents the most important aquifer in the study area. It is made up of 25 to 55 meters of thick fractured limestone that outcrops in the GPP and deepens southwards beneath the Neogene and Quaternary deposits of the WBB.

-The Plio-Quaternary reservoir, which is very heterogeneous throughout the plain, and mainly made of a red clay complex with intercalation of gravel beds.

From a hydrochemical point of view, recent study carried out by [START_REF] Karroum | Geochemical processes controlling groundwater quality under semi-arid environment: A case study in central Morocco[END_REF] shows that groundwater from this aquifer system has relatively good quality, particularly in the recharge areas with electrical conductivities (EC) below 1000 μS/cm. The chemical signature of this water is dominated by the anions Cl -, SO4 2-, HCO -3 , NO 3-, F -and the cations Na + , Ca 2+ , Mg 2+ and K + . Thus, the Gantour region reveal a classical HCO 3-Ca/Mg water type correlating with low EC values. However, several samples analyzed by the authors can be considered as brackish to saline waters particularly in the transition and groundwater discharge zones. This salinization is also accompanied by an increase in the fluoride content linked to the apatite leaching in the phosphatic layers. This leaching phenomenon mainly characterizes black phosphate facies of GPP as shown in the study conducted by [START_REF] Moufti | Characterization of the Youssoufia-Morocco-MineFluoride-Contaminated Water[END_REF].

Materials and methods

The geophysical data analyzed in this study were kindly provided by the Geophysical Service of the Moroccan Ministry of Energy and Mines. They are available as a Bouguer anomaly map produced within the framework of a national mapping program launched by the Department of Mines and Geology. These data were acquired by the Italian company "Fondazione Lerici" during a geophysical prospecting campaign conducted in 1963. At that time, the acquisition of such data was carried out with the perspective of setting up a geoscientific infrastructure necessary for any oil exploration program likely to be carried out in the WBB and the GPP. The gravimetric measurements were taken along the network of roads and tracks providing good coverage of the study area (Fig. 3). They total 2372 gravity field readings spread over the entire study area, with an average measurement density of one point per two square kilometers. The Bouguer anomaly map was established with a reduction density of 2.2 g/cc.

J o u r n a l P r e -p r o o f

The first step in this study was to digitize the paper Bouguer gravity anomaly map. The digitized data were gridded with 500 m square cell size, using the Minimum Curvature algorithm [START_REF] Smith | Gridding with continuous curvature splines in tension[END_REF]. This dataset forms the base of further analysis including determination of residual anomalies, filtering, and visualization.

Gravity data can be used for detecting deep faults and determining their extent when these faults separate blocks characterized by strong density contrasts [START_REF] Everaerts | Le filtrage des anomalies gravimétriques, une clé pour la compréhension des structures tectoniques du Boulonnais et de l'Artois (France)[END_REF]. On a Bouguer anomaly map, these faults can be identified by areas where the inflection points of the gradient of the gravity field indicates a transition between low values above the less dense block and higher values over the denser block. The application of the Total Horizontal Gradient (THDR) filter transforms an inflection point of a gravity profile into positive anomaly whose maximum coincides with the fault location, thereby mapping its surface projection. The transformation is applied to the gravity field (G) according to the following expression [START_REF] Cordell | Mapping basement magnetization zones from aeromagnetic data in the San Juan Basin New Mexico[END_REF]:
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In this study, the maxima were determined using an automated method for locating the horizontal positions of gravity contacts from gridded data [START_REF] Blakely | Approximating edges of sources bodies from magnetic or gravity anomalies[END_REF]. The application of THDR filtering, in conjunction with the upward continuation technique, to multiscale analysis of geologic structures constitutes a very useful tool for gravity data interpretation. In fact, this approach is also particularly effective in determining the dip direction of tectonic faults delineated by density contrasts [START_REF] Archibald | Multiscale edge analysis of potential field data[END_REF][START_REF] Keating | Euler Deconvolution of the analytic signal and its application to magnetic interpretation[END_REF][START_REF] Khattach | Apport de la gravimétrie a` l'étude de la structure du bassin des Triffa (Maroc nord-central) : application hydrogéologique[END_REF][START_REF] Jaffal | Gravity and magnetic investigations in the Haouz basin, Morocco. Interpretation and mining implications[END_REF][START_REF] Ezzine | A new emergent alpine front chain in central Tunisia (Maktar area): filtering gravimetric data contribution[END_REF][START_REF] Aqil | Contribution de la gravimétrie à l'étude de la structure profonde du bassin deBou-Houria (Maroc Nord-oriental): implications hydrogéologiques[END_REF][START_REF] El Kiram | Phosphatic series under Plio-Quaternary cover of Tadla Plain, Morocco: Gravity and seismic data[END_REF].

The Euler deconvolution (ED) method has also been applied to the gravity data in order to better characterize geological structures and provide information about their depth extent. ED is based on the Euler homogeneity equation, which uses a deconvolution window to search through a regular grid of gravity data. The window is moved over the entire grid in order to determine the appropriate solutions by solving a linear system of Euler equations [START_REF] Thompson | EULDPH. A new technique for making computer-assisted depth estimates from magnetic data[END_REF][START_REF] Reid | Euler Deconvolution: past, present and future-a review[END_REF][START_REF] Hansen | Multiple source Euler Deconvolution[END_REF][START_REF] El Dawi | Depth estimation of 2-D magnetic anomalous sources by using Euler Deconvolution method[END_REF][START_REF] Salem | Depth and structural index from normalised local wavenumber of 2D magnetic anomalies[END_REF][START_REF] Melo | Estimating the nature and the horizontal and vertical positions of 3D magnetic sources using Euler Deconvolution[END_REF]. This method is commonly used in the interpretation of both gravity and magnetic data. It requires little prerequisite information about the geological structures responsible for the anomalies [START_REF] Thompson | EULDPH. A new technique for making computer-assisted depth estimates from magnetic data[END_REF][START_REF] Reid | Magnetic interpretation in three dimensions using Euler Deconvolution[END_REF][START_REF] Ravat | Analysis of the Euler method and its applicability in environmental investigations[END_REF]. ED uses the observed variations of the gravity field and their horizontal (according to X and Y) and vertical (according to Z) derivatives to estimate the position and depth of anomalous features [START_REF] Thompson | EULDPH. A new technique for making computer-assisted depth estimates from magnetic data[END_REF]. Geological constraints are imposed by the Structural Index (SI), which is a parameter that defines the attenuation rate of the gravimetric anomaly as a function of distance and characterizes each type of source according to its geometry. The success of the application of this method depends in large part on a good estimate of this parameter [START_REF] Reid | Euler Deconvolution: past, present and future-a review[END_REF].

Results and discussion

Gravity data analysis

The techniques of gravity field analysis are continuously developing to improve interpretation of gravity data, especially when new geological information is obtained from boreholes for ground truth depth constraints. These data. These data are particularly useful for J o u r n a l P r e -p r o o f identifying faults and geological contacts as well as for characterizing the undulations of the crystalline basement undulations [START_REF] Everaerts | Le filtrage des anomalies gravimétriques, une clé pour la compréhension des structures tectoniques du Boulonnais et de l'Artois (France)[END_REF].

The present study is concerned with the compilation and interpretation of gravity data from the WBB and the GPP. A first order feature of the Bouguer anomaly map is a regional gradient represented by a gradual increase in values toward the west, from a minimum of -20 mGal to a maximum of 31 mGal (Fig. 3). This regional effect (about 0.7 mGal/km) was determined using the polynomial regression method [START_REF] Draper | Applied Regression Analysis[END_REF] and subtracted from the Bouguer anomaly data, which helps calculate the residual gravity map illustrated in Fig. 4 and5. This map shows that the variation of the residual values presents a significant difference between a minimum of -14 mGal and a maximum of 11.5 mGal. It indicates the existence of several positive (P) and negative (N) anomalies that reflect a large variation in subsurface density in the study area.

These anomalies are primarily related to the topography of the Paleozoic basement. Compared to the geological map, the positive anomalies coincide with the basement outcrops or raised features of the basement (Fig. 5). Therefore, the effect of the Hercynian substratum outcrops in the south of the study area (Jebilet massif) is represented by the positive anomalies P1, P2, and P3. Similarly, the positive anomalies P4 and P5 are associated with the outcrops of the same basement in the north of this area (Rehamna massif). The P6 anomaly coincides with Douar Rhirat ridge recognized as a basement raised feature elongated in a NW-SE direction. Its alignment with the P4 anomaly shows that this ridge continues in the NW direction toward the Rehamna massif. Furthermore, the negative gravity anomalies illustrate the signature of basement depressions filled with low density sediments as well as the response of a granite intrusion. The alignment of the negative anomalies N1 and N2 outlines subsided zones, which represent areas of the greatest thickness of the sedimentary deposits in the WBB, as shown in figure 2. These zones form an elongated marginal depression whose maximum depth is underlined by the axes of the two negative anomalies (Fig. 4 and5). The N3 and N4 anomalies also represent areas of relative sediments thickening. However, the N5 negative anomaly is associated with the Brikyine granite which outcrops about ten kilometers northwest of Benguerir.

Geologic structures defined by density contrasts are highlighted through Total horizontal gradient (THDR), upward continuation (UC), and Euler Deconvolution (ED) techniques. First, the residual gravity map was successively upward continued to 500 m, 1000 m, 2000 m and 3000 m. Then, the THDR was calculated for each of these four levels of continuation, and its maxima were systematically located. The obtained maxima are represented in Figure 6A with different colors according to their level of continuation. This document helps locate various gravimetric contacts and determine the direction of their dip, which is indicated by the migration of the maxima when the height of the upward continuation increases. To highlighted contacts in relation to the gravity anomalies, the THDR maxima are superimposed on the residual gravity map.

The results, illustrated in figure 6A, show that the contact analysis approach helps identify two families of lineaments. The first one is made of relatively short gravity contacts that may correspond to shallow structures. They are represented by the THDR maxima obtained from the first levels of upward continuation of the residual gravity map (Fig. 6A). However, the second group of lineaments includes structures that extend over several tens of kilometers and are clearly marked by all the THDR maxima, including those corresponding to the highest levels of upward continuation. Such structures are certainly generated by deeper J o u r n a l P r e -p r o o f sources. They are marked with letters "a" to "j" and are superimposed on the THDR map calculated for an upward continuation height of 1000 m (Fig. 6B). The amplitude of THDR is represented by the color background image. This amplitude is proportional to the density contrast between the two sides of the highlighted structures (Fig. 6B). These major contacts delineate different basement blocks that suggest a compartmentalization of the bedrock of the study area into a buried ridge and depression system, which explains the observed positive and negative gravity anomalies. These undulations of the basement surface have significant hydrogeological consequences. Due to its low permeability (or even impermeability) given its metamorphic nature, the Paleozoic substratum would control the groundwater dynamics, especially its flow toward subsided areas. Furthermore, these major faults represent flow pathways for this water. Therefore, except for the curved lineament "j" which is represented by the contour of the Brikyine granite, the structures "a" to "i" constitute potential targets for groundwater exploitation boreholes.

The ED method was applied to gravity data considering the contact-type sources defined by a structural index of 0. The positions and the depths of Euler solutions were calculated using a square moving window whose side is equal to 10 times the grid cell size and a maximum relative error of 15%. The obtained results are presented in figure 7 superimposed with the major faults inferred from the contact analysis procedure. They show that Euler's solutions clearly cluster along these structures and therefore confirm their existence as largescale geological features. The grouping of the solutions around the majority of the evidenced faults attests to the judicious choice of the SI parameter (SI = 0) as a prerequisite for the application of the ED technique. This method for the mapping of geologic structures also helps determine the depth of the highlighted features. As shown in figure 7, the faults system responsible for the WBB structure is rooted at a depth that varies from a few tens of meters to more than 2800 m.

Gravity modeling

In order to accurately delineate the bedrock topography beneath the WBB and to highlight the morphology of its marginal trough, a quantitative interpretation was performed along the three profiles GP1, GP2 and GP3 (Fig. 4 and5). The modeling was carried out using a 2D forward algorithm [START_REF] Lai | Generalized Linear Inversion of two and One-half Dimensional Gravity and Magnetic Data[END_REF] which computes the gravitational effects of multiple bodies with an arbitrary polygonal cross-section and a limited extent perpendicular to the profile, taking into account the gravity station elevations [START_REF] Mickus | Regional gravity analysis of Burkina Faso: implications for the location of metallic ore deposits[END_REF]. The strike lengths of such bodies were specified from the lateral extents of the main negative gravity anomalies chosen for the quantitative interpretation. The three gravity profiles were extracted perpendicular to these anomalies and across their minima (Fig. 4 and5). Given the main objective of this study, which particularly concerns the determination of the basement topography beneath the sedimentary series of the WBB, the modeling was carried out by considering two geological units: -The Paleozoic basement that is mainly composed of schists, sandstones, micaschists and conglomerates.

-The sedimentary cover, which is made up of various facies that include Middle Cretaceous to Upper Eocene formations (limestone, marly limestone, phosphate sands, phosphate marls, siliceous marls, clays) and Plio-Quaternary continental deposits (conglomerates, gravels, clays and lacustrine limestone). The deeper areas of the basin are also supposed to include Triassic J o u r n a l P r e -p r o o f rocks represented by conglomerates with a sandstone matrix, sandstone, red clay and Jurassic terrains indicated by sandstone limestone and dolomitic limestone.

The density values assigned to these two units were determined from the information available on the local geology of the study area [START_REF] Khalil | Contribution à l'étude hydrogéologique de la plaine de la Bahira (Maroc central)[END_REF][START_REF] Bougadra | Synthèse hydrogéologique de la Bahira occidentale[END_REF][START_REF] Er-Rouane | Mise en oeuvre d'outils informatiques pour la modélisation du système aquifère de la Bahira (Maroc Occidental)[END_REF][START_REF] El Mandour | Actualisation des connaissances hydrogéologiques du massif des Jebilets Meseta Occidentale, Maroc. Thèse de troisième cycle[END_REF][START_REF] El Mandour | Actualisation des connaissances hydrogéologiques du massif des Jebilets Meseta Occidentale, Maroc. Thèse de troisième cycle[END_REF][START_REF] El Mokhtar | Salinisation des eaux souterraines aux alentours des sebkhas de Sad Al Majnoun et Zima (plaine de La Bahira, Maroc)[END_REF]Karroum, 2015) and the general knowledge of the density of rocks in terms of values measured from rock samples worldwide [START_REF] Telford | Applied Geophysics[END_REF]. The average density values adopted were thus estimated at 2.4 g/cc for the cover and 2.67 g/cc for the Paleozoic basement. The bedrock density was also largely based on density measurements made by [START_REF] Hathouti | Etude gravimétrique et magnétique des amas sulfurées viséens de la région de Marrakech[END_REF] on the same bedrock in the Marrakech region.

The boreholes in the study area are mainly shallow hydraulic drillholes that provide only superficial information on the geology of the study area. Therefore, for each profile, the construction of the initial model was essentially constrained by the basement outcrops in the north and south borders of the study area. However, the SG7 borehole located to the east of the GP2 profile reaches the bedrock and allows the gravimetric model to be better constrained along this profile (Fig. 5).

The final gravity models, established by a trial-and-error process, are presented in Fig. 8. The three models clearly highlight the asymmetrical shape of the WBB. The latter appears as a depression underlined by a gradual deepening of the Paleozoic basement toward the south and southwest of the study area. The maximum depth of this basement, which corresponds to the basin depot-center, is shifted toward the south in relation to its median line. It corresponds to a subsided zone limited to the south by a major normal fault that separates the WBB and the Jebilet massif. This fault corresponds to the major feature "a" highlighted by the filtering of gravity data (Fig. 6A and6B).

Oriented in the N-S direction, the GP1 profile (19.5 km) begins west of Nzalet Laadam and ends west of Sidi Bou Othmane (Fig. 4 and5). The corresponding gravimetric model shows that the basement is sub-outcropping to the north at the Rhirat ridge and gradually deepens, with a relatively constant slope, marked by a few local undulations of short wavelengths. The maximum depth of 1200 m is reached at 4 km from the southern end of the profile and is related to the normal slip of the major fault "a" that collapses the northern block. The thickening of the sedimentary series continues on the southern block toward the Jebilet massif (Fig. 8A).

The GP2 profile extends over 25.8 kilometers from the southern limit of the Rhamena massif to the northern limit of the Jebilet massif (Fig. 4 and5). The model obtained along this profile shows that the basement outcrops in its northern end, then gradually deepens towards borehole SG7 where a slope break occurs. To the south of this borehole, the basement deepening continues with a relatively higher slope until the basin depot center (1400 m), located 6 km from the southwest end of the profile. The normal fault "a" well-defined by this profile marks the transition to the southern raised block that constitutes the northern border of the Jebilet massif. To the south of this fault, the Paleozoic basement gradually rises until the end of the GP2 profile where it outcrops (Fig. 8B).

The GP3 profile (24.6 km) intersects the negative gravity anomaly N2 in a NE-SW direction (Fig. 4 and5). The density model established for this profile shows that the western part of the WBB has a more symmetrical structure. From northeast to southwest, the Paleozoic basement is first located at a shallow depth near the Rehamna massif and gradually deepens until the profile position of 10.5 km, where it reaches its maximum depth of 1250 m. Then, this J o u r n a l P r e -p r o o f basement rises up following a stairway tectonic structure controlled by the faults "b" and "f" until the Jebilet massif where it outcrops (Fig. 8C).

Contribution of piezometric data

The piezometric data available in the study area were acquired by Karroum (2015) through measurements over a network of 41 domestic and agricultural wells. These data are illustrated as a map of isopiezometric contours and flow direction arrows (Fig. 9). The examination of this map reveals the presence of a major groundwater divide line in the Gantour plateau, from which groundwater primarily flows northward or southward. Its superimposition with the geological map shows an alignment of the aforementioned dividing line with the outcrops of the Lutetian limestone. This means that the recharge of the water table occurs mainly through this limestone. Moreover, the groundwater flow directions show that this recharge process also takes place from the Hercynian massifs of Jebilet in the south and Rehamna in the north (Fig. 9A).

The piezometric data were also superimposed on the residual gravity map (Fig. 9B). This shows a concordance between the overall structure of the study area deduced from the interpretation of gravity data and the groundwater flow. Indeed, we can particularly notice the convergence of water toward the depression of the WBB, which constitutes a subsided area that presents a great interest in terms of groundwater storage. Consequently, future hydrogeological investigations that aim to exploit these resources in the WBB should target the depot-center axis of the basin, particularly the Khoualka area.

Structural setting and topography based on gravity data

During the secondary, tertiary and quaternary, the western Bahira and the Gantour plateau constituted a sedimentation area and a receptacle for the accumulation of a variety of deposits including different aquifers, especially the reservoirs of the phosphate series, the Lutetian limestone and the Plio-Quaternary continental deposits. The analysis of the gravity data covering this area led to the establishment of the summary map illustrated in figure 10. This document provides more details when viewed in addition to the existing geological map, especially concerning the Paleozoic basement topography and the hydrogeological functioning of the aforementioned aquifers. In particular, it reveals the existence of an elongated depression which crosses the study area diagonally in the WNW-ESE direction and constitutes an asymmetric trough between the Jebilet massif in the south and the Rhirat ridge in the north. Gravity modeling helps define the geometry of this trough along three transverse profiles. Therefore, its maximum depth is now well known and clearly underlined by the axes of the negative gravity anomalies.

The summary map also illustrates the fault network that affects the study area. The rose diagram shows that these structures are organized into two families: -The first one is directed N45E and comprises short faults, which are parallel to the Hercynian structures known on the regional scale and therefore can be inherited from the deformations related to this orogeny.

-The second family, whose general orientation is N105E is essentially indicated by major faults associated with the strongest amplitudes of the horizontal gravity gradient. These faults would J o u r n a l P r e -p r o o f have played a primary role in developing the structure of the study area. They might be related to the Atlas orogeny.

In fact, the tectonic history of the study area is characterized by deformations linked to the Hercynian orogeny and others caused by post-Hercynian events. This area is part the western Moroccan Meseta which constitutes a metamorphic Paleozoic basement, covered by transgressive Secondary and Tertiary deposits. It represents a vast domain where the Moroccan Hercynian chain formed by the end of Carboniferous times [START_REF] Hoepffner | The Moroccan Hercynides[END_REF][START_REF] Piqué | Géologie du Maroc[END_REF][START_REF] Zouhri | Continental evolution: The Geology of Morocco; structure, stratigraphy and tectonics of Africa-Atlantic-Mediterranean Triple Junction[END_REF]. The late Carboniferous tectonic event is considered as the a major phase that affected the western Moroccan Meseta and resulted in NNE-SSW to NE-SW general direction of deformations [START_REF] Huon | Etude de l'orogenèse hercynienne au Maroc par la datation K/Ar de l'évolution métamorphique de schistes ardoisiers[END_REF][START_REF] Hoepffner | The Moroccan Hercynides[END_REF][START_REF] Piqué | Géologie du Maroc[END_REF][START_REF] Michard | Continental Evolution: The Geology of Morocco. Structure, Stratigraphy and Tectonics of the Africa-Atlantic-Mediterranean Triple Junction[END_REF].

The post-Hercynian geological history of the study area was initiated in the Mesozoic, by the peneplanation of the Paleozoic basement. During Mesozoic and Cenozoic times, sedimentation above the western Moroccan Meseta has been controlled by two mechanisms, namely (i) the faulting active rifting episodes of the African plate related to the Gondwana break up, and (ii) eustatic high stands linked to strong warming of the global climate. The continental fracturation, and the subsequent thermal relaxation controlled the outline of the transgression upon the western Moroccan Meseta [START_REF] Zouhri | Continental evolution: The Geology of Morocco; structure, stratigraphy and tectonics of Africa-Atlantic-Mediterranean Triple Junction[END_REF].

The compressive phase, responsible for the structuring of the Atlas chain, in relation with the Africa-Eurasia convergence, took place in the Oligocene [START_REF] Fraissinet | Structural evolution of the southern and northern central High Atlas[END_REF][START_REF] El Harfi | Le remplissage continental cénozoïque du bassin d'avant-pays d'Ouarzazate: implications sur l'évolution géodynamique du Haut Atlas central (Maroc)[END_REF][START_REF] Frizon De Lamotte | Continental evolution: The Geology of Morocco; structure, stratigraphy and tectonics of Africa-Atlantic-Mediterranean Triple Junction[END_REF][START_REF] Amrhar | Paléocontraintes et déformations syn et post-collision Afrique-Europe identifiées dans la couverture mésozoïque et cénozoïque du Haut Atlas occidental (Maroc)[END_REF]. During this phase, the western Moroccan Meseta was mainly affected by a brittle deformation represented by faults trending N90E to N110E [START_REF] Khalil | Contribution à l'étude hydrogéologique de la plaine de la Bahira (Maroc central)[END_REF][START_REF] Piqué | Géologie du Maroc[END_REF]. The second family of faults evidenced by the present study are probably related to this brittle deformation. They could have resulted from reactivation of the inherited accidents responsible of the half grabens structuring of the study area.

The characterization of the basement topography is an important contribution to improving the understanding of the hydrogeology of the study area and the functioning of its aquifers, in terms of groundwater flow that is generally deduced from the piezometric data. In fact, the metamorphic bedrock of this area constitutes an impermeable substratum of the groundwater that circulates in the various reservoirs of the sedimentary series, and knowing its geometry provides information on the thicknesses of these aquifers and the possible volume of water resources that they could contain. The basement depressions where the thickness of the aquifers is the highest constitute the areas that would potentially be the most productive.

The summary map constitutes a useful document for rationalizing future hydrogeological investigations that could be carried out in the study area. In fact, the hydrogeological boreholes dedicated to the exploitation of groundwater resources should preferably be located along the depot-center line of the WBB.

The structural low areas identified by this study are also zones of significant groundwater storage. These water resources could be partly exploited for the needs of mining activity in the region. However, in these same areas, the phosphate layers are buried under a significant plio-quaternary cover. They would therefore be located largely below the J o u r n a l P r e -p r o o f piezometric level. Their exploitation requires special necessary measures that should be taken to limit the inflow of water in the phosphate extraction sites.

Conclusion

The gravity method has been used to study the deep structure of the WBB and the GPP with the main objective of hydrogeological investigation of this arid region of central Morocco. First, qualitative analysis of the gravity data revealed a correlation between the observed anomalies and the surface geology, which helps explain the gravity field variation in terms of bedrock morphology.

Additional analysis of these data using the horizontal gradient, upward continuation, and Euler Deconvolution techniques allowed the detection of a network of structures that affect the study area, among which the majority were previously unknown as they were concealed by younger sedimentary deposits. The highlighted structures were characterized in terms of dip direction as well as depth extent. They constitute two families of faults that dominate the tectonics of the study area. They are directed N45E and N105E and probably result from deformations related to the Hercynian and Atlasic orogenies respectively. The N105E family is made up of the longest faults that are associated with the highest amplitude of horizontal gravity gradient. They represent the major features that are responsible for the study area's structure and the topography of its bedrock.

Furthermore, a quantitative interpretation of the main negative gravity anomalies associated with the western Bahira, using a 2D forward modeling approach, reveals that this basin corresponds to an asymmetrical syncline trough that extends diagonally over the entire study area. From the hydrogeological point of view, gravity data interpretation allowed the determination of the bedrock topography of the WBB and therefore the mapping of the areas of the maximum thickness of the sedimentary series (i.e. depot-center). Piezometric data show that groundwater converges toward these areas that constitute favorable zones for drilling water exploitation boreholes.

This study shows the interest of the compilation and reinterpretation of old geophysical data in the recognition of the bedrock topography under sedimentary deposits. It leads to the establishment of a map summarizing the obtained results. This map provides new insights and more details about the study area and allows a better understanding of its deep structure. It constitutes a useful document that is likely to guide future hydrogeological investigations in the WBB and the GPP. Acknowledgments We are grateful to the Geophysical Service of the Moroccan Ministry of Mines and Energy for providing the data used in this work. We also thank the Associate Editor Professor Bassem Nabawy and two anonymous reviewers for their valuable comments and suggestions that greatly improved the manuscript. We extend a special thank you to Dr Robert W. Porritt for the English revision and an informal review of this manuscript. This research was carried out as part of the project IMAPHOS, funded by OCP Foundation. [START_REF] Er-Rouane | Mise en oeuvre d'outils informatiques pour la modélisation du système aquifère de la Bahira (Maroc Occidental)[END_REF][START_REF] Huvelin | Etude géologique et gîtologique du massif hercynien des Jebilet (Maroc occidental)[END_REF]. Figure 2. Geologic section through the Western Bahira Basin and the Gantour Phosphatic Plateau (Er-Rouane, 1996) (see figure 1A for location). Figure 3. Bouguer anomaly map of the study area. Figure 4. Residual gravity anomalies of the study area. Figure 5. Superimposition of the contours of the residual gravity anomalies on the geological map of the study area (same legend as Fig. 1A). Figure 6. A. Maxima of the total horizontal gradient calculated for the upward continuation of the residual gravity data at 500 m (1), 1000 m (2), 2000 m (3) and 3000 m (4). The background image represents the residual gravity map. B. THDR magnitude of the residual gravity data upward continued at the height of 1000 m. Figure 7. Euler deconvolution Solutions of the study area, calculated for a structural index SI = 0, a moving window of 10 x 10 and maximum relative error of 15%. The background image represents the residual gravity map. The dashed lines indicate major geological structures highlighted by the contact analysis technique. Figure 8. 2D interpreted gravity model along the profiles GP1 (A), GP2 (B) and GP3 (C) located in figures 4 and 5. The letters "a", "b", "c" and "f" refer to the major faults represented in the figure 6B. 
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