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Abstract: The Gantour Phosphatic Basin (GPB) is formed by a sedimentary series of Maastrichtian
to the Eocene age, which consists of alternating phosphate layers and sterile levels. This series
outcrops in the northern part of the basin, where it is exploited in open-pit mines. The exploration
methodology employed by the Office Chérifien des Phosphates (OCP) group to investigate the GPB is
based on direct recognition with boreholes drilled on a 500 × 500 m grid. This research is concerned
with the compilation and analysis of data collected during several drilling campaigns conducted on
the central segment of the GPB, namely the Louta deposit. This research also includes acquiring,
processing, and interpreting new geophysical and hydrogeological data. Its main objective is to
provide a better understanding of the deep structure of the phosphatic series. Therefore, the present
study was carried out according to a multidisciplinary approach that comprises three parts. (i) The
first one involves geological modeling of the exploration borehole data using Datamine Studio RM
software (version 1.4), developed by Datamine Corporate Ltd., (Bristol, United Kingdom). It results
in establishing a series of geological cross-sections that display a detailed view of the deep structure
of the phosphatic series and its lateral variations. (ii) The second part is related to the hydrogeological
study, whose purpose was to elaborate on an accurate and updated piezometric map of the study
area. The new map helps understand the groundwater flow in the Louta deposit. Furthermore, the
superimposition of the piezometric level with the geological sections throws light on the flooded
volume of phosphate in this deposit. (iii) The third part of the study focuses on implementing the
Electrical Resistivity Tomography (ERT) method. The interpretation of the recorded geoelectrical data
not only highlights the main features controlling the mode and the proportion of the phosphate series
deepening under the Plio-Quaternary cover but also confirms the evolution of the overall structure of
the studied area. The obtained 2D ERT models generally corroborate the cross-sections produced
by geological modeling. They also correlate with the information provided by the hydrogeological
study. Such information will help guide future hydrogeological and mining extraction planning in
the studied area.

Keywords: phosphatic series; geological modeling; Electrical Resistivity Tomography; piezometric
map; Gantour basin; Morocco
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1. Introduction

The Gantour Phosphatic Basin (GPB), located in central Morocco, contains significant
phosphate resources. In this basin, the Triassic to Eocene sedimentary series has a tabular
structure and lies in discordance on the Hercynian basement of the western Moroccan
Meseta (Figure 1a) [1–3]. The phosphatic series represents the upper part of the GPB
sedimentary deposits. It is formed by alternating sandy phosphatic layers and sterile levels
with a dominance of limestone, marl-limestone, clay, and silex nodules of Maastrichtian to
the Eocene age [4,5]. The phosphatic layers are outcropping to subcropping in the northern
part of the basin, where they are currently being extracted through open-pit mines [6].
Moving southward, these layers deepen beneath a Neogene and Quaternary cover.

Geosciences 2023, 13, x FOR PEER REVIEW 2 of 15 
 

 

1. Introduction 
The Gantour Phosphatic Basin (GPB), located in central Morocco, contains signifi-

cant phosphate resources. In this basin, the Triassic to Eocene sedimentary series has a 
tabular structure and lies in discordance on the Hercynian basement of the western Mo-
roccan Meseta (Figure 1a) [1–3]. The phosphatic series represents the upper part of the 
GPB sedimentary deposits. It is formed by alternating sandy phosphatic layers and ster-
ile levels with a dominance of limestone, marl-limestone, clay, and silex nodules of 
Maastrichtian to the Eocene age [4,5]. The phosphatic layers are outcropping to sub-
cropping in the northern part of the basin, where they are currently being extracted 
through open-pit mines [6]. Moving southward, these layers deepen beneath a Neogene 
and Quaternary cover. 

 
Figure 1. Simplified geological map (a) and synthetic stratigraphic log (b) of the Gantour Phos-
phate Basin (compiled from [4,6]). (c) Location of the works carried out in the present study. 

The exploration work for phosphate deposits, carried out by the OCP (Office Chéri-
fien des Phosphates) group, consists of a campaign of boreholes crossing the entire 
phosphatic series and executed on a grid of 500 × 500 m. In contrast, in the southern part 
of the GPB, these works are limited to a few boreholes spaced several kilometers apart. 
Exploration work for future phosphate extensions shows that Neogene and Quaternary 
cover becomes very thick in the southern part of the GPB and is accompanied by the 
progressive passage of the phosphatic layers under the piezometric level [7]. 

Figure 1. Simplified geological map (a) and synthetic stratigraphic log (b) of the Gantour Phosphate
Basin (compiled from [4,6]). (c) Location of the works carried out in the present study.

The exploration work for phosphate deposits, carried out by the OCP (Office Chérifien
des Phosphates) group, consists of a campaign of boreholes crossing the entire phosphatic
series and executed on a grid of 500 × 500 m. In contrast, in the southern part of the GPB,
these works are limited to a few boreholes spaced several kilometers apart. Exploration
work for future phosphate extensions shows that Neogene and Quaternary cover becomes
very thick in the southern part of the GPB and is accompanied by the progressive passage
of the phosphatic layers under the piezometric level [7].
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The present study aims to consolidate the existing database and propose a methodol-
ogy for exploration based on a geological modeling approach and geophysical prospecting.
Furthermore, it seeks to better understand the deep structure of the phosphatic series in a
new geological and hydrogeological context of future extensions of the GPB phosphates.
Understanding such a structure would help OCP mining engineers predict the necessary
arrangements for phosphate extraction in future mines.

The mining subdivision of the GPB includes six deposits, which are, respectively, from
west to east: Youssoufia, Recette 6, Louta, Benguérir, N’zalet, and Tassaout. Our study
focuses on the Louta deposit, which will be subject to exploitation in the near future. This
deposit, covering an area of 60 km2, is located in the central part of the GPB, southwest of
Benguerir (Figure 1a).

The study includes three research components: (i) The first concerns the compilation
and integration of geological data from exploration borehole campaigns carried out in the
studied deposit. The data processing using Datamine Studio RM software allowed the
establishment of serial geological sections that outline the evolution of the phosphatic layers
under the Neogene and Quaternary cover of the southern part of the GPB. (ii) The second
component is dedicated to implementing a piezometric measurement campaign throughout
the Louta deposit to determine the hydrostatic level’s current position on the established
geological sections and thus estimate the submerged proportion of the phosphatic series.
(iii) The third and final component involves the completion of electrical tomography profiles
between exploration boreholes and drillings to determine the resistivity signature of the
main geological units of the phosphatic series and to check the correlations made using
Datamine Studio RM software, particularly in areas where geological information is very
sparse.

2. Geological Setting

From the geological point of view, the Gantour Basin is part of the Moroccan Meseta
domain (Figure 1a) [2]. In this basin, the post-Paleozoic sedimentary cover ranges from
Triassic to Quaternary and particularly includes the Maastrichtian to Eocene phosphatic
series [8–11]. The sedimentary deposits were laid down on the denuded Hercynian chain.
They formed a sub-tabular to monoclinal cover, deepening with a low dip from the Hercy-
nian massif of Rehamna in the north to that of Jebilets in the south.

The Triassic-age outcrops in the western part of the Jebilets massif consist of conglom-
erates topped by sandstone, red pelites, and doleritic basalts. At the scale of the whole GPB,
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 [9,12].
The upper Jurassic outcrops are in the western part of the GPB. It is characterized by a 200 m
thick series that begins with sandy limestone and massive gypsum levels with clayey inter-
vals and ends with marls and dolomitic limestone [8,9]. The middle and upper Cretaceous
outcrops are in the northern part of the GPB and are mainly made up of marl-limestone.

The phosphatic series In the GPB corresponds to a transgressive sequence deposited
from the upper Cretaceous to the lower Eocene (Figure 1b). Phosphatogenesis mainly
occurred during the Maastrichtian, the Selandian, the Thanetian, the Ypresian, and to a
lesser extent during the Lutetian (Figure 2). This series is presented as an alternation of
phosphatic layers and poorly or non-phosphatic levels (interlayers). The Maastrichtian
outcrops in the northern part of the Gantour plateau sometimes lie in discordance with
older terms, including the Paleozoic. It is formed by an alternation of phosphatic sands,
phosphatic marls, siliceous marls, and clays [6,9]. The OCP geominers integrate all the
phosphatic layers (C6, C5, C4, C3, C2, and SX) in this geological stage. The Selandian is
characterized by its low thickness (6–8 m) and high phosphate content compared to other
stages of the phosphatic series. It begins with hard, white, sandy marls with silex nodules.
Its phosphatic part comprises two layers (C1 and C0), separated by intercalations of phos-
phatic limestone beds. The C1 layer is black oolitic phosphate rich in BPL (bone phosphate
of lime), whose thickness varies between 1.5 and 1.8 m. Alternating phosphatic limestones
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form the C0 layer with thin sandy phosphatic coprolithic horizons. The Thanetian, with
an average thickness of 12.5 m, comprises phosphatic marls and sands. According to
the mining division, this stage corresponds to layer A, often subdivided into SFA1, SFA2,
and SFA3 by phosphatic limestone beds. The Ypresian is dominated by siliceous facies
and is represented by a complex of a wide variety of facies, including sandstone marls,
oolitic phosphates, limestone, sandy phosphates, fossiliferous limestone, phosphatic sands,
sandstone marls, and clays. In its terminal part, the Ypresian is represented by a formation
of silty and phosphatic sands known as the 11 m layer (C11) by the OCP geominers. This
layer is topped by phosphatic levels SB, SC, SD, and SE that intercalate with marls and
siliceous marls. The Lutetian marks the end of phosphatic sedimentation. It is characterized
by sedimentation dominated by carbonate and is mainly made of a fossiliferous marly
limestone formation known as the Thersitae slab (Figure 2) [4].
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From a structural point of view, the secondary and tertiary sedimentary cover in the
GPB presents a monoclinal structure with a low dip toward the south. It gradually deepens
under the Neogene and Quaternary deposits, whose thickness can exceed 150 m in some
places. From a hydrogeological point of view, several studies [7,9,12,13] show that the
main groundwater aquifers in the GPB correspond to (i) the Paleozoic aquifers recognized
in the north and south of the GPB. The groundwater flow is governed by the basement’s
fracturing and shows a transmissivity of 10−4 to 10−6 m2/s [12]. (ii) The Turonian aquifer,
located in the northeastern part of the GPB in karstified limestones, with a thickness of
about 10 m [8]. (iii) The lower phosphatic aquifer is mainly represented by the upper
Maastrichtian sandy phosphates and the Thanetian sandy phosphatic marls. This aquifer is
delimited by two impermeable levels of regional extension, namely the Maastrichtian and
the Ypresian clay horizons (Figure 2) [12]. (iv) The upper phosphatic aquifer includes the
lower Ypresian siliceous phosphatic sands and the Lutetian fractured siliceous limestones.
This aquifer is the most important in the region. It presents a particular interest in drinking
water supply and irrigation throughout the GPB, especially in its southern part, where
the phosphatic series deepens under the Neogene and Quaternary deposits [7]. (v) The
Plio-Quaternary aquifer is quite heterogeneous, mainly made of a red clay complex with
the intercalation of gravel beds. This aquifer shows poor hydrodynamic characteristics
(transmissivity and permeability of about 10−5 m2/s and 10−6 m/s, respectively) [12].

3. Material and Methods
3.1. Geological Modeling

The GPB has been the subject of numerous direct exploration works carried out by
drillings for several kilometers around the areas in exploitation. The OCP group uses
this method during the upstream phases of phosphate basin exploration programs. Its
implementation in our study area has made it possible to carry out many boreholes dis-
tributed according to a regular square mesh of 500 m. These boreholes, as well as the
majority of wells drilled by individuals for the groundwater supply, have been subject to
detailed geological surveys by the OCP teams. As a result, today we have an important
litho-stratigraphic database covering the entire Louta deposit. This part of our study is
devoted to analyzing this database to characterize the structure of the phosphatic series.
To do this, we made a series of eleven cross-sections, arranged every two kilometers over
the entire study area, using Datamine Studio RM software (Figure 1c). This software is a
geological modeling tool that is mainly used in the mining field for the 3D representation
of deposits, calculation of reserves, design of mining facilities, etc. However, 3D modeling
with Datamine has also been successfully used in other application fields such as hydro-
geology, geotechnics, etc. [14–19]. The Datamine Studio RM software offers modules for
managing multi-parameter databases collected from drilling exploration, as conducted in
the Louta deposit.

As part of this study, the geological modeling procedure using the Datamine Studio
RM software was applied in a sedimentary environment to establish stratigraphic sections
of the phosphatic series. This procedure took place in several stages. The first is devoted to
structuring the database in Excel sheets containing information on the boreholes (name, co-
ordinates, depth, orientation, and deviation) and the geoscientific data subject to modeling
(lithology, piezometry, etc.). The database is then validated by meticulous verification and
correction to avoid eventual errors. The second step concerns the import of the database
and topography into the software and the boreholes’ 3D visualization. The third and final
step is to create the cross-sections. This step starts with defining sections in a plan view
of the geological model. Then, sections are displayed separately to laterally correlate the
phosphatic layers, taking into account a coding based on the stratigraphic nomenclature
of these layers adopted by OCP mining engineers. Once this operation is complete, the
Datamine software offers an overall 3D perspective of all the established sections, with
the possibility to complete the geological model with additional data such as piezometry,
topography, etc.
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3.2. Piezometric Campaign

The GPB is a region with an arid to semi-arid climate, characterized by low and ir-
regular precipitation that does not exceed 200 mm per year on average. Temperatures are
low to moderate during the winter and high during the summer, resulting in increased
evaporation rates that exceed 1000 mm per year [12]. In recent decades, the succession of
several years of drought has aggravated the situation by leading to intense exploitation of
groundwater to meet the increasing needs of irrigation and domestic use by the population.
The increase in pumping activity, accompanied by insufficient water resources for recharg-
ing the aquifer, has resulted in a significant drop in the piezometric level, as evidenced by
the drying up of many usual water sources.

Given this situation and considering the objectives of the present study, it was nec-
essary to update the piezometric map of the Louta deposit from 2015. To do this, we
conducted a campaign of hydrostatic level measurements, considering all existing water
points at the scale of the study area (Figure 1c). For each measurement, the GPS position
and depth of the hydrostatic level were collected. The obtained results allowed us to
establish a new piezometric map of the study area.

3.3. ERT Survey

The Electrical Resistivity Tomography (ERT) method is a non-destructive tool for near-
surface investigation [20,21]. Indeed, this technique is increasingly used for both character-
izing subsurface geological structures [22–27] and hydrogeological investigations [28–33].
The growing interest in the ERT method is due to the development of multi-electrode mea-
surement devices that have facilitated field operations and new automated data acquisition
and inversion algorithms.

To take advantage of the performance of this subsurface imaging technique, the ERT
was implemented during this study. As a result, four profiles labeled ERT-1 to ERT-4 and
arranged along the cross-section number 8 were achieved (Figure 1c). The measuring
device provides an investigation depth that allows imaging of the entire series and the top
of the PB. This device, with a length of 710 m, is composed of a Syscal R1 Plus resistivity
meter, manufactured by Iris Instruments, and connected with a multi-conductor cable to a
set of 72 electrodes spaced 10 m apart (Figure 3). A sequence of 1318 electrical resistivity
measurements was performed for each profile during the implementation of the ERT
survey. This sequence was previously prepared considering the Wenner-Schlumberger
configuration with a 1s reading time and a minimal stack of 3. In addition, the electrodes’
positions (X, Y) were systematically recorded by GPS, and the profile’s topography was
extracted from available Lidar data.

The inversion of acquired data was carried out using the Res2Dinv software (version
4.8.12) developed by Geotomo-Software (Penang, Malaysia) [34]. This inversion process
was executed using a maximum of 5 iterations and the smoothness-constrained Gauss–
Newton method to calculate the 2D model of the subsurface resistivity [35] (Figure 4).
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(ERT-1 Profile).

4. Results and Discussion
4.1. Geological Cross-Sections

The processing of geological data using Datamine Studio RM software helps create
a series of north–south cross-sections through the study area. Linking the equivalent
interfaces from one exploration borehole to another allowed the establishment of envelope
curves (strings), delimiting each layer or lithostratigraphic unit whose similar attributes
were previously defined. The elaborated geological cross-sections show that the phosphatic
series in the study area has an overall monoclinal, south-dipping structure with an average
value of about 2%. This is clearly illustrated in Figure 5, which displays the sections P2, P6,
and P8 that were generated with a vertical exaggeration of 10 (see Figure 1c for location).
To examine this structure in more detail, we have analyzed these three sections, where the
phosphatic layers are represented by the same colors and the sterile interlayers are drawn
in white (Figure 5).

Cross-Section 2 is located west of the Louta phosphatic deposit (Figure 1c). It extends
four kilometers and provides an accurate image of a monoclinal south-dipping phosphatic
series. The phosphatic layers generally maintain the same thickness along the section,
except layer C6, which is thicker in the northern part of the deposit. The layers’ erosion
profile and dip direction mean that the oldest layer (C6, lower Maastrichtian) outcrops
in the northern part of the deposit, while the youngest layer (Ypresian) outcrops in the
southern part. Except for layer C0, dated from the Selandian [4], all other stratigraphic
terms of the phosphatic series are represented in the western part of the studied deposit.
The overall thickness of the phosphatic series in this area is about 91 m.

Cross-section 6 is located in the center of the Louta deposit (Figure 1c). It extends
over three kilometers and shows a relatively similar image to Section 2. We find roughly
the same monoclinal structure of the series with the same dip order. The thickness of the
lower layers (C6, C5, C4, and C3) remains constant along the section, while the overlying
layers (C2 to C11) show a thinning toward the north. The upper layers of the phosphatic
series again show a constant thickness and have a low dip. Stratigraphically, cross-section
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6 shows that all the phosphatic layers recognized in the Louta deposit are present in the
central part, even if the overall thickness of the series is only 74 m.
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P2, P6, and P8, respectively.

Similarly, cross-section 8 also reveals the monoclinal structure of the phosphatic series
in the Louta deposit (Figure 1c). This section, which extends over more than four kilometers,
is located in an area where the topography is almost flat and where the upper terms of the
series are absent due to erosion. The thickness of the phosphatic series in this area is only
47 m.

These results show a thinning of the phosphatic series from the west (cross-section 2)
to the east (cross-section 8). This evolution is consistent with that known throughout the
GPB and reflects the paleogeography of the Gantour Basin during the depositional era of
this series [4].

4.2. Piezometry

Among the 119 investigated wells, 36 were found to be dry. The water level in the
other wells ranges from 379.18 m to 429.43 m mean sea level (MSL). The groundwater is
confined in the phosphatic multilayer aquifer, particularly the sandy phosphatic layers of
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the Maastrichtian, Selandian, and Ypresian. The established piezometric map shows two
areas with different groundwater flow directions (Figure 6):
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Figure 6. Piezometric map of the Louta deposit in May 2022.

An eastern domain is limited by the meridian 250,000 and the main road connecting
Marrakech to Casablanca, where the isopiestic curves are oriented NW-SE with a ground-
water flow toward the southwest. The piezometric level varies from 405.4 m (well 212) to
429.43 m (well 374).

A western domain, limited by the meridians 239,000 and 250,000, where the isopi-
estic curves are oriented east–west with a groundwater flow from south to north. The
piezometric level varies from 391.55 m (well 9056) to 421.55 m (well 9016).

The significant drop in the piezometric level recorded in some wells is explained by
excessive groundwater pumping for drinking water or irrigation purposes. However, the
rest of the wells reveal a regular hydraulic gradient, giving rise to the aforementioned
groundwater flow directions. The piezometric map also shows that the northern, southern,
eastern, and western boundaries of the studied area are permeable. The flow lines there are
almost perpendicular, indicating that these exact flow directions continue to the east in the
Benguérir aquifer, to the west in the Recette 6 aquifer, and to the north and south in the
northern and southern parts of the GPB.

4.3. Electrical Resistivity Tomography

In the electrical tomography method, resistivity is the main function of the rock type
and water content. The processing of raw field measurements allows the elaboration of a
subsurface’s geoelectrical model that reflects these characteristics. The geoelectrical models
(ERT-1, ERT-2, ERT-3, and ERT-4) resulting from the inversion of ERT data are presented in
Figure 7. In the same figure, we also indicate the location of exploration boreholes drilled
by the OCP group, which were used to validate the ERT results. Synthetic lithologs were
used to constrain the calculated resistivity models and assign the measured resistivities to
the lithological units of the phosphatic series. In the same ERT sections, we also indicate the
piezometric level (white dotted line) measured during the geophysical survey campaign.



Geosciences 2023, 13, 357 11 of 15Geosciences 2023, 13, x FOR PEER REVIEW 11 of 15 
 

 

 

Figure 7. (a–d) Geological interpretation of the subsurface resistivity models obtained by inverting
the ERT data acquired in the present study. (e) Superimposition of ERT inversion models on the



Geosciences 2023, 13, 357 12 of 15

outlines of geological Section 8 at the same scale (i.e., with a vertical scale of 10) with interpretation
of the base of the phosphatic series from borehole data and of the top of the Paleozoic basement
from ERT data. PS: phosphatic series; NPM: non-phosphatic Maastrichtian; PB: Paleozoic basement.
(f) An interpretive section integrating the ERT survey results and geological Section 8 (same legend
as Figure 5). The white dotted line corresponds to the piezometric level extracted from Figure 5.

The geoelectrical model of the ERT-1 profile is particularly marked by the presence
of a highly resistive surface layer (Er1, >350 Ohm.m), which shows significant thickness
variations (Figure 7a). This layer has been attributed to the limestone crusts visible on
the ground. Below is a considerable decrease in resistivity (<60 Ohm.m) on an average
thickness of 42 m. We attribute this roughly conductive layer (Ec1) to the different units
of the phosphatic series. Below, the geoelectrical model shows another resistive layer
(Er2) with values exceeding 400 Ohm.m. We attribute this layer to the shale bedrock that
constitutes the base of the phosphatic series in the study area and which crops out a few
hundred meters north of the profile, as shown in the interpretive section (Figure 7e). The
superposition of the piezometric level on the geoelectrical model ERT-1 shows that the
conductive signature of the layer Ec1 is primarily explained by its position under the
piezometric level. The abundance of marl and clay interlayers within the phosphatic series
would also explain this signature.

The geoelectrical model of the ERT-2 profile is broadly similar to that of the ERT-
1 profile. It also shows the superposition of three layers, Er1, Ec1, and Er2, described
above, with slight differences in resistivity values. The resistive layer Er1 is more or less
discontinuous, and the conductive layer Ec1 is slightly thicker, reflecting an increase in
the thickness of the phosphatic layers. The shale bedrock (Er2) has become relatively
deep, which confirms the overall deepening of the phosphatic series described above (see
Section 4.1). At the bottom of the ERT-2 profile, the Paleozoic basement (PB) is separated
from the phosphatic series by a conductive formation attributed to the non-phosphatic
Maastrichtian (NPM) [4].

The geoelectrical model of the ERT-3 profile highlights the three layers: Er1, Ec1, and
Er2. The resistivity values are generally lower than those observed in the ERT-1 and ERT-2
profiles. The Er1 layer attributed to surface limestone crusts has a discontinuous aspect.
The conductor Ec1 is even thicker than in the previous two profiles. Within this layer, we
can also note variations in resistivity related to local facies heterogeneities, as described in
the established geological sections. The Er2 layer, corresponding to the PB, becomes deeper
as the thickness of the non-phosphatic Maastrichtian (NPM) formation increases.

The geoelectrical model of the ERT-4 profile shows the same geoelectrical units (Er1,
Ec1, and Er2). The Ec1 conductor also shows variations in resistivity related to local facies
heterogeneities. The Er2 layer is less deep in the extreme south of the profile. This could
correspond to a PB raise while approaching its outcropping at Douar Rhirat, located a few
kilometers south of the ERT-4 profile. This evolution is consistent with the descriptions
mentioned in several works conducted in the GPB [12,36].

In Section 8, we indicate the position of the piezometric level to highlight the sub-
merged part of the phosphatic layers. A good part of these layers in the Louta deposit are
located below the piezometric level. About 35% of the phosphate resources will thus be
extracted in submerged zones, particularly in the southern part of the deposit. This is very
useful to consider in planning the future exploitation of the phosphatic Louta deposit.

5. Conclusions

The research conducted in this study provides a better understanding of the structure
of the phosphatic series in the central part of the GPB. The geological modeling of explo-
ration borehole data using Datamine Studio RM software shows that this series, which
outcrops in the northern part of the basin and is being extracted as open-pit mines, deepens
southward under the Plio-Quaternary cover. The phosphatic series is a monoclinal struc-
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ture with an average dip toward the southeast of about 2%. The cross-sections established
by the geological modeling also show that the thickness of the phosphatic series decreases
from the west to the east of the Louta deposit. Some phosphatic layers show local variations
in thickness and also in the N-S direction. In the southernmost parts of the cross-sections,
the top of the series is at about 450 m, and the base is sometimes at more than 340 m. As
a result, the extraction of phosphates, which is currently done in sub-outcropping layers,
will, in the medium-long term, face the existence of a thick cover and high exploitation
trenches that can exceed 100 m in some places.

The piezometric map, established from the hydrostatic level measurement campaign
carried out during this study, provides valuable information about this level and the
groundwater flows throughout the central part of the GPB. Furthermore, the superposition
of the piezometric level on the established geological cross-sections allows us to have an
idea of the flooded volume of phosphate resources in the studied area. This concerns about
35% of these resources in the southern part of the Louta deposit.

The electrical tomography survey carried out along the N-S transect through the study
area provides further insight into the Louta deposit. In addition, the subsurface resistivity
models offer a complete view of the deposit, including the entire phosphatic series, an
underlying unit assigned to the NPM, and PB. The latter outcrops north of the transect
and gradually becomes deeper toward the south before undergoing a local horst-like uplift
while approaching the Rhirat area. The geoelectrical models thus confirm the established
geological cross-sections and are also in harmony with the hydrogeological information
collected during this study.

At the end of this study, it is clear that the exploitation of phosphatic layers in the
southern part of the central zone of the GPB would take place in a geological and hydroge-
ological context different from that existing in the current extraction sites: the base of the
phosphatic series will be deeply seated at more than 100 m in some places, and a significant
volume of phosphates will be flooded. Therefore, it would be essential to generalize the
multidisciplinary exploration approach undertaken in this study to the entire southern part
of the GPB that hosts future phosphate deposits. This would allow OCP mining engineers
to predict the necessary arrangements for extracting phosphates in this new geological and
hydrogeological context.
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