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Abstract: The Mateur aquifer system in Northern Tunisia was examined using data from 19 water
boreholes, 69 vertical electrical sounding (VES) stations, and a Sentinel-2 satellite image. Available
boreholes and their corresponding logs were compared to define precisely the multi-layer aquifer
system, including the Quaternary and Campanian aquifers of the Mateur plain. Quantitative inter-
pretation and qualitative evaluation of VES data were conducted to define the geometry of these
reservoirs. These interpretations were enhanced by remote sensing imagery processing, which en-
abled the identification of the Mateur plain’s superficial lineaments. Based on well log information,
the lithological columns show that the Quaternary series in the Ras El Ain region contains a layer of
clayey, pebbly, and gravelly limestone. Additionally, in the Oued El Tine area, a clayey lithological
unit has been identified as a multi-layer aquifer. The study area, exhibiting apparent resistivity values
ranging between 20 and 170 Ohm-m, appears to be rich in groundwater resources. The correlation be-
tween the lithological columns and the interpreted VES data, presented as geoelectrical cross-sections,
revealed variations in depth (8-106 m), thickness (10 to 55 m), and resistivity (20-98 Ohm-m) of a
coarse unit corresponding to the Mateur aquifer. Twenty-three superficial lineaments were extracted
from the Sentinel-2 image. Their common superposition indicated that both of them are in a good
coincidence; these could be the result of normal faults, creating an aquifer system divided into raised
and sunken blocks.

Keywords: Tunisia; Mateur plain; groundwater aquifer; vertical electrical sounding (VES); remote
sensing; satellite image

1. Introduction

Limited knowledge of an aquifer’s geometry often hinders hydrogeological investiga-
tions. While covering the entire aquifer system with numerous, evenly spaced boreholes
could effectively address this issue, the high cost of drilling makes this approach impracti-
cal. Instead, remote data collection techniques, such as geophysical geoelectric techniques
and remote sensing, offer a more efficient solution by providing precise information about
water-bearing formations more quickly and at a lower cost. In order to avoid the common
failures associated with wells drilled based on surface geological data (lithology of geologi-
cal outcrops) and/or findings from nearby boreholes, these techniques are typically utilized
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during preliminary investigations for installing new boreholes [1]. These techniques can
also be applied to more localized investigations to better understand a hydrogeological
system. In this instance, they are frequently used as a supplement to existing boreholes
by providing information about unknown water sources. Boreholes alone are generally
insufficient to reconstruct an aquifer’s geometry in detail [1-3].

In regional hydrogeological research, geophysical prospecting and satellite image
processing are usually treated separately [1,4-11], despite the fact that these two techniques
work better together. However, the preliminary phase of any geophysical study should
incorporate a remote sensing survey [1]. Remote sensing provides information over vast
areas and offers spatiotemporal resolutions that facilitate comprehension of the evolution
of various environmental components. Hence, it can serve as a guide for making crucial
choices such as selecting the geophysical techniques to be used (e.g., seismic refraction,
electrical, electromagnetic, and magnetotelluric methods) and the delineation of the ar-
eas to be exploited. It is especially helpful in identifying areas of interest for focused
geophysical surveys.

Understanding the key mechanisms governing groundwater chemistry is essential, yet
challenging, for sustainable groundwater resource management, particularly in complex
geological and hydrogeological settings [12]. The quaternary alluvial aquifer is a vital water
resource in the Mateur region in the Bizerte region of Tunisia, sustaining local domestic
and agricultural water supply [13,14]. The aim of this study is to characterize the geometry
of the Mateur aquifer system through an integrated approach using data from boreholes,
geophysical methods, and remote sensing. The study seeks to enhance our understanding
of the aquifer system’s structure and validate these insights with a combination of these
techniques.

2. Materials and Methods
2.1. Geographical, Geological, and Hydrogeological Contexts

The Mateur plain has a surface area of about 260 Km? and is part of the huge Ichkeul
watershed (2600 Km?) in the Bizerte region of northern Tunisia (Figure 1). The region
under study has a Mediterranean sub-humid climate with a significant variation in mean
monthly temperatures. The coldest month is January, with a mean temperature of 11 °C,
and the hottest month is August, with a mean temperature of 27 °C. The area’s potential
evapotranspiration values are around 1800 mm/year, while the mean annual precipitation
is 570 mm.

The Mateur plain is characterized by lithostratigraphic units ranging in age from the
Triassic to the Quaternary (Figure 2). The carbonate formations that define the Tertiary
deposits of the Ichkeul Mountains make up the majority of the stratigraphic succession. In
the Mateur plain, only the three Campanian hills of Sidi Mbarek, Mateur, and Ras El Ain
contain outcrops older than the Quaternary period [15].

Due to the variety in the textural and structural features of the alluvial beds, a multi-
layered aquifer system, including both confined and unconfined aquifers, is present within
these alluvium deposits. This alluvial aquifer, composed of Quaternary formations un-
evenly arranged on top of the Miocene sediments (Mateur-Ras E Ain), contains alluvial
(sand and gravel), eolian (fine-grained sand), and minor lacustrine (sandy clay) deposits.
Additionally, there is a deep confined aquifer containing limestone, marl, and clay. The in-
terconnection of the alluvial and limestone aquifers forms a single hydrogeological unit [16].
The groundwater samples of this study were taken from alluvial aquifers at a depth of
a few tens of meters. Rainfall infiltration and river leakage (in Joumine, Tine, Sejnane,
Melah, and Rezala) are the primary sources of groundwater replenishment. Water levels
in 20 water supply wells were measured to calculate the groundwater flow in the Mateur
aquifer (Figure 3). In the upstream portion of the plain, groundwater flow is generally
directed in the south-north and southeast-northwest directions, while in the downstream
portion, it is greatly influenced by the Joumine River’s draining activity.
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Figure 1. A map showing the location of the Mateur plain (red rectangle). Image © 2024 Airbus. Used

in accordance with the Google Maps/Earth terms of service for research purposes.
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Figure 2. Geological map of the study area.
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Figure 3. Piezometric maps of Mateur plain: (a) wet season; (b) dry season. The piezometric levels
are higher during the wet season compared to the dry season.

Water is lost from the aquifer through discharge to Lake Ichkeul, pumping for irriga-
tion, and direct evaporation in regions with a low hydraulic gradient and poor permeabil-
ity [16]. Since the water table often lies 8 to 10 m below the ground surface, evapotranspira-
tion contributes to further groundwater loss. The topography of the area includes lower
to medium slopes, where the vegetation primarily consists of Hypericum crispum, Con-
volvulus arvensis, Papaver rhoeas, and Ridolfia segetum, though it is not well-developed.
As the slope increases towards the middle and upper sections, the vegetation changes
slightly, with the presence of Arisarum vulgare and Ridolfia segetum, which also remain
underdeveloped. In areas of medium slope, the dominant vegetation includes Hypericum
crispum and Papaver rhoeas. The agronomic regime in these regions focuses on cereal
crops, particularly wheat [17]. The alluvial and the limestone aquifers have transmissivity
ranges of 0 to 60 x 10~* m?/s and 60 to 320 x 10~* m?2/s, respectively. Groundwater from
the Mateur alluvial aquifer is used for domestic and agricultural purposes [16].

2.2. Data and Methods Used

This study used a multitude of prospecting techniques and data sources, including
remote sensing image processing, VES, and the analysis of well logging from the available
water boreholes.

2.2.1. Satellite Imagery

Remote sensing satellite imagery refers to the collection of earth surface data by
recording reflected electromagnetic energy using satellites (e.g., Sentinel-2, Landsat, Plan-
etScope) [18]. The resultant image is a digitally structured image composed of pixels, each
assigned with a value corresponding to the radiation reflected by the observed object [19].

The European Space Agency (ESA) launched two satellites (S-2A and S-2B) in 2015
and 2017 for the Sentinel-2 mission, comprising the second environmental monitoring
plan for the Copernicus mission. The multi-spectral instrument (MSI) sensor embedded in
both satellites provides a spatial resolution of 10-60 m, depending on band wavelength.
The Sentinel-2 mission offers open access to image data for the global land surface with
a six-day revisit period [20]. For the current study, Sentinel-2 (L1C) data were used. The
satellite image utilized in this research was taken by Sentinel-2 during the summer period,
characterized by clear skies, which ensured good sensor visibility. Various corrections,
including atmospheric, geometric, and radiometric corrections, were applied to the satellite
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imagery: the digital number (DN) was converted first to radiance and then to reflectance,
corresponding to the radiometric correction. Additionally, the atmospheric correction was
applied to Sentinel-2 images. Numerous ground control points and polynomial adjustments
were applied. The darkest pixel (DP) method, a prompt and precise atmospheric correction
technique, was applied using dark and non-variant targets detected in satellite images [20].

2.2.2. Water Boreholes

The “Bizerte Regional Commissariat of Agricultural Development” provided infor-
mation on 19 water boreholes: F1 to F5 were situated in the northwest at the level of
Sejnane; F6 to F11 were located near Ras El Ain; F12 to F17 were installed in Mateur; and
single boreholes, F18, at Oued Kherba, and F19 at Oued Tine (Figure 4). These boreholes
include lithological columns, gamma ray (GR), and resistivity wireline loggings, among
others (measured after drilling). The natural radioactivity of the rocks in a borehole is
measured using GR logging [21-23]. The primary radioactive elements, including potas-
sium (*°K), uranium (28U and 2%°U), and thorium (**?Th and ?*Th), are concentrated
in shales with high GR readings up to 200 API [24,25]. Conversely, the GR responses of
reservoir rocks such as sandstone, sand, gravel, and carbonate are minimal (typically less
than 40 API) [26]. As a result, the GR log is effective at differentiating between clays and
permeable formations.

T

4,100,000

T
560,000

Figure 4. A map showing the locations of the water boreholes (F1 to F19) in the survey area
superimposed on the geological map in Figure 2. The boreholes are represented by orange dots.
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Short and long standard sondes were used to record the resistivity logs. The short
normal sonde, often known as the 16-inch normal, shows the flushed zone’s resistivity
(Rx0). The 64-inch-long standard sonde offers greater depth of penetration. It provides
values comparing the invaded zone’s (Ri) and uninvaded zone’s (Rt) responses [24]. These
low values for clays might vary greatly for reservoir strata depending on the salinity of the
ingested water. In contrast to brine water, fresh water is typically resistive [24,27,28].

2.2.3. VES Survey

The VES data utilized in this study were acquired by the General Geosciences Services
at 69 locations using the Schlumberger array during the summer. Specifically, 11 VES
stations were acquired near Oued El Melah, 4 VES stations near Oued Joumine, and 54 VES
close to Oued Tine (Figure 5). The maximum spacing of current electrodes (AB) was 400 m
for most of the VES stations, but at some stations, it extended to 600 m.

4,100,000

560,000

Figure 5. Distribution of VES stations superimposed on the geological map of Figure 2, with stations
marked by black dots.
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VES is the most popular electrical technique for measuring resistivity to extract information
about the subsurface, particularly for hydrogeological purposes [27,29]. Resistivity, denoted
as p and measured in Ohm-m, is a material’s ability to resist electric current. It varies greatly
from one material to another since it is affected by a variety of parameters, including rock type,
porosity, pores conductivity, water saturation, water salinity, and metallic content [29-31]. For
instance, pyrrhotite (FeS) is constantly very conductive and has a resistivity of about 10~ Ohm-m,
whereas igneous and metamorphic rocks often have high resistivity values (10° to 10° Ohm-m).
Groundwater, which serves as an electrolyte, significantly influences the electrical conductivity of
sedimentary rocks like the Mateur Quaternary deposits by reducing the resistivity values [32]. The
concentration and mobility of ions have an impact on the conductivity of groundwater. Mobility
varies from ion to ion and rises with temperature (e.g., H* has a velocity of 36.2 x 1078 m/s
compared to Na* of 5.2 x 1078 m/s) [33].

In order to evaluate resistivity, two current electrodes (A and B) are often used to
transmit the electrical current into the ground. The potential difference between the other
two potential electrodes (M and N) is then measured. The following equation is used to
determine the apparent resistivity (p,) [34]:

AV
Pa = KT

where I is the current injected into the ground via current electrodes (A and B), AV is the
potential difference between the potential electrodes (M and N), and K is a geometric factor
depending on the electrodes array.

The Wenner, Schlumberger, and dipole-dipole arrays are among the most popular con-
figurations for resistivity measurements, each utilizing four electrodes arranged and spaced
differently. In this study, the Schlumberger array was employed, featuring a symmetric arrange-
ment of the four electrodes. In this design, the potential electrodes (M and N) are placed much
closer together than the current electrodes (A and B), where AB >> MN. This configuration
is widely used for VES to monitor changes in resistivity with depth below the center of the
array [35,36]. To enhance the penetration depth of the current lines, the potential electrodes
M and N are shifted incrementally during the measurement process.

2.2.4. Integration of Methods

Figure 6 illustrates the hierarchical structure of this study. To accurately analyze the
lithological columns from the drill cuttings, the well logs were initially carefully reviewed.
They provide accurate information about the location and composition of the reservoir
rocks [37-40]. Due to their high permeability, which can exceed 10~ m/s [41] for gravel
and sand, the coarse components of the Mateur Quaternary alluvia serve as significant
water reservoirs.

To assist the correlation between VES calibration and water boreholes, we extracted
different layer units within the lithological columns, mainly clay units and predominantly
coarse units. The majority of the clay unit intervals have low resistivity and high radioac-
tivity, while the coarse ones exhibit the opposite characteristics. These latter units contain
the greatest amount of Mateur groundwater and are designated as reservoir formations or
reservoir units.

Second, the configuration of the Mateur aquifer system was reconstructed using
qualitative and quantitative interpretation of the VES stations. Maps of apparent resistivity
at various AB spacings were established, providing a qualitative depiction of the resistivity
distribution at various depths to gain insight into the potential locations of water reservoirs.
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Figure 6. Flow chart diagram of the used methodological hierarchical structure.

The first step in quantitative interpretation was VES calibration, which involved compar-
ing the lithological columns with the proximal VES curves to relate each Quaternary lithological
unit to its resistivity. The relationships obtained were established by comparing the VES curves
to the theoretical master curves of Orellana and Mooney [42] and then further refining and
inverting them using IP2ZWIN v. 2.1 software. This process guided our interpretation of the
remaining electrical data. The outcome was obtained by superimposing the experimental and
theoretical curves. The models inferred from the VES interpretation—layer thicknesses and
true resistivities of each identified layer—were correlated with the lithological logs in the form
of geoelectrical cross-sections, whose analysis clarifies the aquifer geometry [43,44].

The final phase involved processing the satellite image to support the VES findings. To
extract the surface lineaments, which may correspond to tectonic features influencing the
aquifer structure, methods such as principal component analysis (PCA), color composition
(Figure 7), and directional filtering were employed. Directional filtering, in particular, is
an image-processing technique that enhances linear features in a specific direction while
suppressing those in other directions. This is achieved by applying filters that are sensitive
to edges or contrasts in a given orientation. A set of convolution kernels (small matrices) is
designed to enhance features in specific orientations (e.g., 0°, 45°, 60°, and 90°). Common
directional filters include Sobel, Prewitt, and Kirsch filters [45-49].
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Figure 7. Realized RGB image (color composite) of the study area.

3. Results and Discussion

The analysis of well logs has identified a multi-layer aquifer composed of alluvial
and limestone deposits. Five water boreholes are located in the southern part of the
plain. Boreholes F7, F10, and F11 access the deep Ras El Ain aquifer, while F12 and F14
exploit water from the Mateur groundwater aquifer. To clearly illustrate the contribution
of diagraphies, we compared the available lithological logs with the interpreted ones.
The multi-layers that comprise the alluvial aquifer consist of alluvial, aeolian, and small
lacustrine deposits [15,16]. The limestone aquifer, the main productive layer, corresponds
to the Abiod Formation, dated to the Campanian-Maastrichtian age.

The examination of the available lithological column for the old drilling F7 (illustrated
at the left of Figure 8, selected as an example), represents three reservoirs. The first one
extends from 14 to 17 m, corresponding to pebbles and clay soils. The second spans from
27 to 70 m, and the third, which ranges from 83 to 106 m, is composed of limestone soils.
However, the lithological log illustrated at the right of the figure, obtained from updated
diagraphic recordings for both spontaneous polarization (SP) and resistivity, indicates
five reservoirs: [14 to 18 m] and [19 to 23 m], corresponding to resistivity values between
50 and 90 Ohm m, assigned to pebbly and clayey lithology; [65 to 70 m] and [72 to 76 m],
with a resistivity values ranging from 40 to 98 Ohm-m; and the last one [94 to 106 m],
consisting of limestone lithology. In order to achieve greater accuracy, this study will rely
on the interpretation of the well log. Three types of resistivity were measured: shallow
resistivity (short normal, SN), which represents the resistivity of the invaded zone; deep
resistivity (long normal, LN), which represents the resistivity of the uninvaded zone; and
inversed resistivity (INV), which is compared with a reference point at the surface. The
numbers in the heading indicate the diameter of the penetrated zone measured, in inches.
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Figure 8. Borehole F7 lithological column and well logs including SP and resistivity. The left lithology
log was obtained from an old log description whereas the one on the right was extracted from an
updated well log.

The lithological column for borehole F10, with a depth of 50 m, reveals a single
reservoir extending from 8 to 64 m, composed of limestone. Resistivity logs identi-
fied two distinct zones: one between 15 and 22 m with resistivity values varying be-
tween 30 and 98 Ohm-m, and another from 45 to 58 m with resistivity values between
40 and 98 Ohm-m.

For borehole F11, which has a depth of 90 m, the lithological log reveals two permeable
layers composed of limestone, pebbles, and gravel. These layers are located at depths of
31-37 m and 51-90 m. The resistivity recording highlights the presence of two potential
water-bearing zones, corresponding to the intervals of 26-37 m with resistivity values of
20-80 Ohm-m, and 50-58 m with resistivity values of 25-97 Ohm-m.

The lithological column for borehole F12, which taps into the Oued El Tine aquifer with
a depth of 163 m, primarily shows clay deposits. Two reservoir units composed of clay and
pebbles are present at depths of 17-40 m and 47-58 m. The resistivity recordings highlight
two layers rich in coarse sediments corresponding to the intervals 26-37 m and 50-58 m.
The geoelectrical log shows the highest resistivity values, ranging from 50 to 97 Ohm-m
for the 26-37 m interval and 60-97 Ohm-m for the 50-58 m interval. The poor quality of
the Oued El Tine’s aquifer, with water salinity measuring 2.8 g/L, explains these relatively
low resistivity values, which are associated with clayey and marl soils, leading to low
permeability and thus low productivity.
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The lithological column of the borehole F14, with a depth of 161 m, reveals two layers
rich in coarse sediments at depth ranges of 7-32 m and 47-50 m. The resistivity recordings
highlight five zones potentially suitable as water reservoirs, corresponding to the intervals
53-67 m, 80-86 m, 92-102 m, 103-111 m, and 122-131 m, with resistivity values ranging
from 10 to 99 Ohm-m.

Based on the lithological columns, we can conclude that the Ras El Ain (boreholes F7,
F10, and F11) represents a reservoir with a thickness of 20-55 m, while the plain of Oued El
Tine (boreholes F12 and F14) contains a multi-layer aquifer with several reservoirs with a
thickness of 10 to 20 m.

Twelve apparent resistivity maps were established for different AB spacings. To
facilitate the analysis, zone 1 was assigned to the north part of the Mateur plain, where
the Oued El Melah is located, while zone 2 corresponds to the south part of the plain
of Mateur (refer to Figure 5). For the short distance of AB/2 = 3 m, which corresponds
to the superficial layers, relatively high apparent resistivity values were observed with
approximately 170 Ohm-m in zone 1 at and around 130 Ohm-m in zone 2. However, for
the AB/2 = 4 m distance map (Figure 9), the resistivity decreased to 90 Ohm-m in zone 1
and 95 Ohm-m in zone 2.

Zone 1

AB/2=4

_ Ae=30 [ aB/2=100 * /| |mB2=200 /[

T
0000TTY

T
560,000

000°00T‘v

560,000 560,000

560,000

Figure 9. Apparent resistivity maps for zones 1 (upper panel) and 2 (lower panel) are presented for
different depth slices corresponding to AB/2 spacings of 4 m, 30 m, 100 m, and 200 m.

For larger AB/2 spacings of 10 m, 15 m, 20 m, 30 m, 40 m, 50 m, 100 m, and 150 m, the
high apparent resistivity values displayed a consistent spatial distribution across both zones.
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In zone 1 (Oued El Melah), resistivity remained constant at 20-25 Ohm-m, while in zone 2, the
resistivity distribution was divided, with values of 25-40 Ohm-m in the west-east part and
45-55 Ohm'm in the southwest part. These distinctions are particularly evident in the maps for
AB/2 =30 m and AB/2 =100 m, which are presented as examples (Figure 9).

The maps for AB/2 spacing of 200 m and 300 m show that the resistivity values are less
than 20 Ohm-m across the entire study area, indicating predominantly clay soils. In zone 1,
the highest measured value was 16 Ohm-m in the northwest part, while in zone 2, it reached
25 Ohm-m. The map for AB/2 =200 m is selected as an example in this paper (Figure 9).

The VES calibration was accomplished by means of two boreholes, F17 and F19, located
near VES stations 16 and 48, respectively (Figure 10). A comparison between VES16 and the
lithological column of borehole F17 (Figure 11) shows that the clayey soil corresponds to a
resistivity value of 2.5 Ohm-m, the sandy clay layer to 7 Ohm-m, and the gravel and pebbles
layer to a resistivity value of 22.5 Ohm-m. Similarly, the comparison between VES48 and the
lithological column of borehole F19 reveals the following: the topsoil has a resistivity value of
18.4 Ohm-m; the sandy layer has a resistivity value of 30.5 Ohm-m; the gravel, pebbles, and
gravelly layers have a resistivity value of 20 Ohm-'m; and the clay layer has a resistivity of
6.5 Ohm-m.

4,100,000

Zone 2

560,000

Figure 10. Distribution map of boreholes and the location of the selected profiles presented in this
study. Orange dots represent the boreholes, black dots indicate the VES stations, and red lines mark
the selected profiles.
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Figure 11. Result of 1D inversion of VES16, along with the calibration using the lithological column
from borehole F17. The circles, red line, and blue line represent the measured data, calculated data,
and thicknesses and resistivities of the interpreted layers, respectively.

Several geoelectrical cross-sections were established in various directions, and two of
them were selected as examples in the present work. Geoelectrical cross-section 1, oriented
E-W (Figure 12), runs along Oued El Tine and includes the lithological log of borehole F17,
along with three electrical soundings (VESes 14-16). The topsoil has a thickness ranging
from 1 to 5 m, with resistivity values between 5.5 and 18 Ohm-m. The second layer, with a
thickness of 5 to 9 m, represents clayey soil as inferred from borehole F17, with a resistivity
range of 2.5 to 8 Ohm-m. The third layer, extending from 7 m below VES15 to 62 m below
VES14, is characterized by pebbly and gravelly lithology, as indicated by borehole F17, and
has a resistivity range of 19 to 22.5 Ohm-m, suggesting a good groundwater aquifer. Its
thickness increases westward. The fourth layer consists of clay with an average resistivity
of around 7 Ohm-m.

The second geoelectrical cross-section (Figure 13), located at the southern edge of the
Mateur plain near the Mateur graben, integrates the lithological column from borehole
F19 and data from five VES stations (VES 44-48). The first layer, representing the topsoil,
varies in thickness from 1 to 3 m and exhibits resistivity values between 12 and 69 Ohm-m.
The second layer, identified as sandy, extends to a depth of 14 m below VES48 and has
resistivity values ranging from 14.5 to 40.4 Ohm-m. The third layer, consisting of pebbly and
gravelly soils, extends to 42 m in depth and decreases in thickness towards the northwest,
representing the primary groundwater aquifer in the region. The final layer is clay, with
resistivity values ranging from 6.3 to 8.4 Ohm-m.
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Figure 12. Geoelectrical-geological cross-section 1, obtained from the results of 1D inversion of VES
stations VES14, VES15, and VES16 along profile Line 1 (Figure 10) in the plain of Oued Joumine.

Two major faults (Figure 2) run through the region: one in the north-south direction,
affecting the western foothills of Messeftine [50], and the other with a complex layout in
the northeast-southwest direction, appearing north of Garaet Ichkeul [51]. In this study, the
geoelectrical data suggest the presence of several geoelectrical discontinuities which may
indicate successive collapses in the southern part of the Mateur plain, possibly influenced
by the major Messeftine fault.

Directional filtering was conducted in four directions: N00, N45, N60, and N90
(Figure 14). To create the surface lineaments map, the identified lineaments were then
superposed, with those repeated or related to anthropogenic structures (such as high
voltage lines and roads) filtered out. The resulting lineaments map, produced from satellite
imagery processing, showed 23 lineaments with varying directions in the Mateur plain
(Figure 15). Given the minimal variation in plain altitudes, these lineaments are unlikely
to be topographical breaks. The tectonic influence on the geometry of the Mateur aquifer
is confirmed by a notable coincidence between the discontinuities and the superficial
lineaments identified by the geoelectrical cross-sections.
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Figure 13. Geoelectrical-geological cross-section 2, obtained from the results of 1D inversion of VES
stations VES44, VES45, VES46, VES47, and VES48 along profile Line 2 (Figure 10) in the plain of Oued
El Tine.
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Figure 14. Lineament maps produced by directional filtering with directions of (a) N0O, (b) N45,
(c) N60 and (d) N90.
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Figure 15. Superficial lineaments discerned from satellite imagery and their correlation with potential
discontinuities inferred from geoelectrical cross-sections.

4. Conclusions

The hydrogeological schema of the Mateur plain has been refined through the inte-
grated application of indirect techniques, including VES and remote sensing, along with
water borehole data, to characterize the groundwater aquifer in the Mateur region. Addi-
tionally, the comparison of the obtained lithological columns with corresponding well logs
has effectively identified the Quaternary series.

The processing of satellite imagery, analysis of lithological column, and interpretation
of VES data have demonstrated that the geometry of the aquifer in the study area depends
on two factors: (1) extensive tectonic activity, and (2) sedimentation mechanisms within the
fluvial environment.

The analysis of VES and water borehole data revealed that in the Ras El Ain area, there
is a reservoir with a thickness of 20-55 m composed of clay and pebbly gravel limestone
lithology, while the plain of Oued El Tine contains a multi-layer aquifer with several
sub-reservoirs whose thickness ranges between 10 and 20 m, consisting of clay soils.

This research has provided significant findings that can greatly enhance groundwater
analysis in the Mateur region. Furthermore, it can serve as an international reference,
demonstrating that geophysical and remote sensing analysis are not only applicable in pre-
liminary studies for water point implantation, but are also powerful tools for characterizing
the geometry of alluvial aquifer systems.
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