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Abstract. The present study is an illustrative example highlighting the reliability of satellite imagery in the characterization of alluvial aquifers 
and, consequently, its valuable contribution to hydrogeological studies. It concerns the Tabarka region (northwestern Tunisia), marked by 
significant tourist activity with an excessive demand for water. Using Landsat ETM+ imagery, this study aims to enhance understanding of the 
Tabarka aquifer by mapping the tectonic lineaments influencing the Tabarka plain and the geometry of its aquifer system. The processing of 
satellite image, including enhancement, ACP, and their filtering based on different directions, reveals a total of 12 lineaments, mostly oriented 
NW-SE. Six lineaments are identified within the Tabarka plain (LP1, LP2, LP3, LP4, LP5, and LP6), whereas the others lie at its borders 
(LB1, LB2, LB3, LB4, LB5, and LB6). A digital terrain model (DTM) from the Aster GDEM V2 image was employed to discern the nature of 
these lineaments. We found that lineaments outlining the plain’s edges are associated with topographic variations. Additionally, in the plain, 
most lineaments coincide with a notable decrease in aquifer resistivity, as evidenced in geoelectric sections incorporating lithological logs 
of water boreholes and interpreted vertical electrical soundings (VES). The identification of these lineaments may explain the presence of 
clay enrichment within the alluvial aquifer, thus reducing its suitability for exploitation between the Oughof and El Khebir rivers and in the 
eastern part of the plain. These lineaments may correspond to tectonic events controlling Quaternary sedimentation, thereby influencing the 
composition of alluvial deposits.
Keywords: Alluvial aquifer, Satellite imagery, Lineaments, Hydrogeology, aquifer geometry, Tabarka region, Tunisia.
Résumé. La présente étude est un exemple qui montre la fiabilité des images satellites dans la caractérisation des aquifères alluviaux et, par 
conséquent, sa contribution aux études hydrogéologiques. Elle concerne la région de Tabarka (nord-ouest de la Tunisie), marquée par une 
activité touristique significative ayant une demande excessive en eau. À l’aide de l’image Landsat ETM+, cette étude vise à mieux comprendre 
l’aquifère de Tabarka en cartographiant les linéaments tectoniques qui affectent la plaine de Tabarka et influencent la géométrie de son système 
aquifère. Le traitement de l’image satellite, l’amélioration, l’Analyse en Composantes Principales (ACP) et leur filtrage selon différentes 
directions révèlent au total 12 linéaments, majoritairement orientés NW-SE. Six linéaments sont détectés dans la plaine de Tabarka (LP1, 
LP2, LP3, LP4, LP5 et LP6), tandis que les autres se trouvent à ses frontières (LB1, LB2, LB3, LB4, LB5 et LB6). Un modèle numérique de 
terrain (MNT) provenant de l’image Aster GDEM V2 a été utilisé pour identifier la nature de ces linéaments. La superposition des linéaments 
identifiés avec ce modèle montre que ceux dessinant les bords de la plaine sont associés à des variations topographiques. Dans la plaine, la 
plupart des linéaments coïncident avec une notable diminution de la résistivité de l’aquifère observée dans les sections géoélectriques qui 
incorporent des forages d’eau et des sondeurs électriques verticaux interprétés (VES). La mise en évidence de ces linéaments pourrait expliquer 
l’enrichissement de l’aquifère alluvial en argiles et, par conséquent, la dégradation de son intérêt pour l’exploitation entre les rivières Oughof 
et El Khebir et dans la partie orientale de la plaine. Ils pourraient correspondre à des événements tectoniques contrôlant la sédimentation 
quaternaire et, par conséquent, la composition des alluvions.
Mots clés : Aquifère alluvial, imagerie satellitaire, linéaments, hydrogéologie, géométrie de l’aquifère, région de Tabarka, Tunisie.

e-ISSN : 2458-7184Bulletin de l’Institut Scientifique, Rabat, Section Sciences de la Terre, 2024, n° 46, 69–81

Contribution of remote sensing to the alluvial aquifer’s characterization. 
Case of the Tabarka aquifer (Northwestern Tunisia)

Contribution de la télédétection à la caractérisation de l’aquifère alluvial. 
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INTRODUCTION

Alluvial aquifers worldwide represent valuable water 
resources due to their shallowness, vast extent, and essential 
reserves, contributing significantly to socio-economic 
development. Nevertheless, these aquifers are frequently 
affected by pollution and overexploitation. Preserving them 
requires a comprehensive understanding of both water quality 
and quantity. The reconstruction of aquifer geometry is of 
crucial significance for the development of hydrogeological 
models, allowing for the evaluation of reserves and playing 
a pivotal role in sustainable water resources management 
(MacDonald et al. 2012).

In Tunisia, where alluvial aquifers play a crucial role in 
drinking water supply and irrigation, this reconstruction is 
particulary important. Previous hydrogeological studies, such 
as the one conducted by Ben Dhia et al. (2014), underscore 
the importance of understanding the geometry of alluvial 
aquifers for assessing storage capacity and estimating 
available water resources. Furthermore, research carried out 
by Ben Hamouda et al. (2018), highlights the importance of 
alluvial aquifer geometry in modeling groundwater flows 
and predicting spatio-temporal groundwater variations. 
An accurate reconstruction of alluvial aquifer geometry in 
Tunisia is crucial for effectively managing risks associated 
with groundwater exploitation and optimizing the planning 
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of hydraulic infrastructures, as highlighted in the studies 
by Sghaier et al. (2016) and Ben Mammou et al. (2020). 
Additionally, the preservation of underground ecosystems 
in Tunisia also depends on a thorough knowledge of aquifer 
geometry, as highlighted by the work of Ben Hassen et al. 
(2019). An accurate reconstruction of the geometry of aquifers, 
particularly alluvial aquifers, is essential for sustainable water 
resource management, groundwater flow modeling, hydraulic 
infrastructure planning, and the preservation of unique 
underground ecosystems.

 However, the tectonic events controlling the geometry of 
these aquifers may be absent on the geological map, requiring 
identification through various methods, such as geophysical 
studies, exploratory drilling, and electrical soundings. 
Geophysical studies, in particular seismic reflection, facilitate 
the characterization of alluvial formations properties and the 
reconstruction of the aquifer geometry (Ghassemi & Jakeman 
2005). Exploratory drilling and the analysis of data from 
existing wells also provide valuable information on aquifer 
geometry (Chowdhury et al. 2017). In addition, the vertical 
electrical sounding (VES) technique is commonly used to 
measure the electrical resistivity of subsurface formations, 
offering information on the spatial distribution of aquifer 
layers (Moayedi 2016).

In recent years, remote sensing has considerably contributed 
to mapping lineaments and reconstructing the alluvial aquifer 
geometry. Indeed, satellite imagery, providing a synoptic 
view, emerges as a relevant solution for mapping lineaments 
associated with tectonic events (Lloyd 1999, Jourda et al. 
2006, Hoffmann & Sander 2007, Meijerink et al. 2007, Youan  
2008, Abdullah et al. 2014, Gannouni & Hamzaoui  2014, 
Adiri et al. 2017, Mathew & Ariffin 2018, Farahbakhsh et al. 
2019, Christian et al. 2019, Epuh et al. 2020, Gobashy et al. 

2023). A lineament is defined as a simple or compound linear 
line detected on the surface, whose individual parts, aligned 
along a straight line or curve, stand out clearly from their 
surroundings and possibly reflect a phenomenon generated 
beneath the surface (O’leary et al. 1976). It may correspond to 
structural elements such as faults, fractures, fold axes (Soesilo 
& Hoppin 1986), or to lithological contacts, topographic 
depressions, vegetation field boundaries, and hydrographic 
networks (Yatabe & Howarth 1984). 

In this context, our study aims to reconstruct the geometry 
of the alluvial aquifer in the Tabarka plain, a region facing 
hydraulic constraints and specific challenges in water supply. 
Understanding aquifer geometry is crucial for assessing both 
the quantity and quality of available groundwater and for 
optimizing its management. To achieve this objective, our 
research focuses on identifying various lineaments in the 
study area, which play a significant role in the arrangement 
of permeable deposits, geological formations capable of 
storing and transmitting water. To identify and characterize 
these lineaments, we utilized spatial data from Landsat ETM 
(Enhanced Thematic Mapper) and Aster GDEMV2 (Global 
Digital Elevation Model Version 2) satellites. The use of remote 
sensing methodologies offers a unique advantage, providing 
a comprehensive and synoptic view of the region, including 
inaccessible areas. This approach allows for the examination 
of large-scale patterns and features that may not be readily 
observable through traditional ground-based surveys alone. 
This innovative methodology enables us to gain insights 
into the aquifer’s structure and dynamics, contributing to the 
planning and sustainable management of water resources in 
the region by facilitating informed decisions regarding the use 
and protection of groundwater.

Figure 1. a) Tabarka geological map (Rouvier and Ben Salem 1992), b) Structural setting of the Tabarka plain (Rouvier 1977).
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REGIONAL SETTING

Geology
The Tabarka plain is a coastal area (Fig. 1a) located 175 

km from Tunis. Geologically, it is defined as a synclinal 
structure (Rouvier 1977), with Quaternary filling made of 
dune sands, clays, pebbles, silts and gravels. It is bordered by 
Oligo-Miocene deposits composed of Kroumirie sandstones 
and Babouch clays. These deposits corresponding to the 
Numidian flysch (Rouvier 1977, Rouvier & Ben Salem 1992, 
Riahi et al. 2010, Talbi et al. 2008), essentially outcrop in 
the Tellian domain, also called the “zone of thrust nappes” 
(Rouvier 1977). The contact of the Numidian formation with 
its substratum is controversial. It is considered a sedimentary 
contact by Kujawski (1964), Crampon & Sigal (1967), 
Crampon (1971, 1973) and Salaj et al. (1974), while it is a 
tangential abnormal contact according to Jauzein (1962), 
Rouvier (1977), El Euchi et al. (2004), Ould Bagga et al. 
(2006), Boukhalfa et al. (2009) and Riahi et al. (2010).

The Tabarka plain belongs to the Babouch –Tabarka 
syncline extending over 25 Km and narrows from north to 
south (Rouvier 1977). The western flank of this syncline is 
affected by the El Aioun- Meloula fault, oriented N-S in the 
northern part and NE-SW in the southern part. Its eastern 
flank, truncated by Kef El Bessana fault, is overturned 
towards the northwest (Fig. 1b)  

Hydrogeology
From a hydrogeological point of view, the Tabarka plain 

exhibits two discernible aquifer systems, as highlighted in 
the study conducted by Guellala et al. (2017) focusing on 
the Tabarka region. The first aquifer is a phreatic water table 
composed of dune sands that cover the northern part of the 
plain. This water table is characterized by its excellent water 
quality. In addition, the above-mentioned study highlights the 
existence of a deep alluvial aquifer, sustained by the El Kebir 
river and its tributaries, notably the Oughof and Amor rivers.

It is important to note that this deep alluvial aquifer in 
the Tabarka plain displays geographical variations in its 
composition. According to Guellala et al. (2017), this aquifer 
experiences an enrichment in clays from the southern to the 
northern regions, leading to a notable decrease in both flow 
rates and permeability coefficients in that direction.

Datasets and Methodology
The adapted methodology consists of several steps (Fig. 2): 
Data acquisition 
Semi-automatic extraction of lineaments: Use linear 

feature extraction techniques to identify lineaments from 
Landsat images. 

Utilization of ASTER GDEM and DTM (Digital Terrain 
Model): Integrate ASTER GDEM and DTM data to validate 
the extracted lineaments. Compare detected lineament 
locations with identified topographic variations to evaluate 
their coherence. 

Topographic maps: Use topographic maps to eliminate 
anthropogenic lineaments. Identify and exclude linear 
infrastructures (e.g., roads, pipelines) from the analysis to 
focus on natural lineaments.

Lineament mapping: Create a map of lineaments by 
integrating all extracted, validated, and corrected information 
from the previous steps. This map visually represents 
identified lineaments in the study area.

Validation of results: Compare surface lineaments with 
resistivity variations identified from geoelectrical cross 
sections.

Datasets
Various data types are used in our study, namely spatial, 

surface and subsurface data. Spatial data include a Landsat 
7 ETM+ satellite image (Fig.3) and Aster GDEM V2 (Table 
1). The Landsat 7 ETM+ image consists of a 15 m spatial 

Figure 2. Research Methodology Framework.
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resolution TM 8 panchromatic band and six multispectral 
bands (TM 1, 2, 3, 4, 5, 7, with 30 m spatial resolution), and a 
120 m spatial resolution TM 6 band. Only the six multispectral 
bands (TM 1, 2, 3, 4, 5, 7, with 30 m spatial resolution) were 
resampled to make them superposable on the Aster GDEM V2 
image with a 30 m resolution. The Landsat image is selected 
for its spectral and spatial characteristics, allowing good 
small-scale structural mapping (Youan et al. 2008). The use 
of the Landsat image is attributed to its low solar angle value, 
its ability to suppress disturbing spatial detail, and its regional 
coverage (Sabins 1986). The image is taken on the 6th of June 
2016, a period corresponding to the dry season characterized 
by an almost total absence of clouds, contributing to 
better visibility of the sensors. Surface data describing the 
distribution of hydrographic features and geological outcrops 
are extracted from Tabarka topographic and geological maps. 
The subsurface data consists of 25 vertical electrical soundings 
(VES) and five water boreholes (Fig. 4). They were provided 

by the Regional Commissariat of Agricultural Development 
(CRDA) of Jendouba and the General Directorate of Water 
Resources (DGRE). The VES measurements were selected at 
25 sites according to the location of the identified lineaments. 
The Schlumberger array was used for VES acquisition, 
considering a maximum electrode spacing of 1000 m. Five 
water boreholes exploiting the Quaternary aquifer system in 
the Tabarka plain were consulted. We have mainly used the 
lithological columns described in the final reports of these 
borehole’s execution (Ouertani 1978, Balti & Ghazouani 
1989,  Hezzi & Ghazouani 1996, Kallali et al. 2006, Balti & 
Manai  2009).

A greater number of vertical electrical soundings (30 
VES) and water boreholes (eight water boreholes, including 
lithological columns and well logs), were previously used to 
identify the Quaternary water reservoirs within the Tabarka 
plain and reconstruct their geometry (Guellala et al. 2017).

Figure 3. The color composition of bands 4.2.1 of the Landsat7 ETM++ image of 10/06/2016. 

Table 1. Summary of the datasets

Image Types Date Spatial Resolutions Sources
Landsat 7 ETM
(Enhance Thematic 
Mapper)

Acquisition date:
10 /6/ 2016

Band (1, 2, 3, 4,5et 7) : 30 m
Bande6 : 60 m
Pan : 15m

https://earthexplorer.usgs.gov/

ASTER GDEM V2
(Global Digital Elevation 
Map)

Publication date:
        1/10/2012

The GDEM had 1 arc-second latitude and 
longitude postings (~30 m), and a vertical 
accuracy of approximately 10 m. The data were 
tiled as 22.000+ 1 × 1 degree latitude/longitude 
files each accompanied by a quality file.

Http:// emex.cr.gov/DEMEX/
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Methodology
Different processing techniques were successively applied 

to the satellite image using different software tools for 
lineaments extraction (Fig. 2). We are initially georeferenced 
the raw image and then applied image enhancement techniques 
for visual improvement. Principal Component Analysis (PCA) 
was employed to reduce redundancy, manage data size, 
and explore correlations between images (Bonn & Rochon 
1992). The application of the PCA showed that the first three 
new principal components (PC1, PC2, and PC3) provided 
respectively 90.28%, 6.73%, and 2.80% of the satellite image 
information, totaling 99.81% (Fig. 5). Subsequently, spatial 
filtering of the data was carried out using the Sobel directional 

filter. This involves applying a convolution to the image, 
resulting in modifications to the pixel values at coordinates (x, 
y) (O’leary et al. 1976, Prost 2001, Laake 2011). Directional 
filters are widely used in geology to detect lineaments 
(Kouamé et al. 1999 and 2005, Javhar 2019).

Sobel directional filters at 0°, 45°, 90°, 135° were 
applied to the main components from the PCA and the 
six multispectral bands (TM 1, 2, 3, 4, 5, 7). This process 
enhanced contours and highlighted the directions of 
geological discontinuities in the image. A 5 x 5 matrix was 
chosen in this study, generating images with sufficient detail 
for lineament detection (Table. 2).

Figure 4. Distribution of the used water boreholes and vertical electrical soundings

Table 2. Matrix of 5*5 Sobel directionnel filters.

Sobel directional filter NW-SE Sobel directional filter E-W
3 2 2 1 0 1 1 0 1 1

2 4 3 0 1 2 3 0 3 2

2 3 0 3 2 2 3 0 3 2

1 0 3 4 2 2 3 0 3 2

0 1 2 2 3 1 1 0 1 1
Sobel directional filter NE-SW Sobel directional filter N-S

0 1 2 2 3 1 2 3 2 1

1 0 3 4 2 1 3 4 3 2

2 3 0 3 2 0 0 0 0 0

2 4 3 0 1 1 3 4 3 2

3 2 2 1 0 1 2 3 2 1
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The images resulting from processing with directional 
filters are then imported into the PCI Geomatica software 
(PCI, Geomatica 2001) to establish lineament maps of the 
study area. The maps that highlight the most discontinuities 
are the CP1 map and the filtered band four map. They allow 
the identification of extracted lineaments such as veins, 
panels, dykes, and faults. Overlaying with the topographic 
map involves geoprocessing to eliminate all linear structures 
of anthropic origin detected on the image, including roads, 
tracks, and high-voltage lines. Finally, the overlay of the 
lineaments identified on the filtered band 4 allows the 
creation of the lineament map (Fig. 6). Directional rosettes, 
proportional to the cumulative length of the lineaments and 
organized into 10° classes, are generated from the neo-data 
resulting from GIS calculations using Rockworks software 
(De Dreuzy 2000) (Fig. 6).

There is complementarity in spatial data, as the ETM+7 
image is used for its spectral particularities to highlight the 
overall state of fracturing. The use of the SRTM image was 
a part of verifying the strength of the filters used, given the 
SRTM image has the advantage of not being altered by the 
atmosphere or other meteoric factors (Coulibaly 2021). We 
have used it to validate certain lineaments. On the other 
hand, it is also used for the development of DTM numerical 
models that aim to facilitate the perception of morpho-
structural ensembles in the studied domain and map them. 
Thus, geomorphological variations are major witnesses of 
the morphogenetic evolution of reliefs, which can be used to 
identify geological forms such as collapse ditches, plateaus, 
and extract morpho-structural discontinuities (Bonnet & 
Colbeaux 1999, Deffontaines 2000).

Moreover, to identify lineaments corresponding to 
subsurface discontinuities, we constructed interpretations 

from lithological columns of water boreholes and interpreted 
vertical electrical soundings (VES), geoelectrical cross- 
sections, and the aquifer extension map (Guellala et al. 2017).

It should be noted that VES is a survey technique of the 
electrical resistivity method of geophysical prospecting, 
involving the injection of an electric current into the ground 
and measuring the resulting potential difference between 
pairs electrodes (Dobrin 1976, Telford et al. 1976, Nazih et 
al. 2022).

The apparent resistivity values, deduced consequently, 
were interpreted using the theoretical master curves and 
inversion software such as IPI2 WIN and WINSEV to obtain 
true resistivity and thickness (Fig. 7).

RESULTS
Following directional filtering, 12 lineaments, mostly 

oriented NW-SE, are extracted (Fig. 8). The lineaments LP1, 
LP2, LP3, LP3, LP4, LP5, and LP6 are detected in the plain, 
while (LB1, LB2, LB3, LB4, LB5, and LB6) are observed 
at its edges. The superposition of the identified lineaments 
on the digital terrain model (Fig. 9) shows that those at the 
edges of the plain are associated with topographic elevations. 
Lineaments LB1 and LB3 delineate the boundary between 
the Tabarka plain and the Mediterranean Sea; in northern 
Tunisia, marine deposits that outcrop in coastal regions are 
often intensely deformed (Mejri 2012), while LB2 and LB4 
delimit the island located in the northwest of this plain. The 
submeridian lineament LB5, located on the Oligo-Miocene 
outcrop bordering the plain to the west, intersects three 
contours; its northern extremity lies between the 200 and 150 
m curves, while the rest mainly falls between 150 and 100 m. 
The LB6 lineament, located at the eastern edge of the plain, 

Figure 6, Maps and directional rosettes of the lineaments obtained from the filtering according four directions: N-S, NE-SO, E-O ET 
NO-SE. (coordinates are in UTM Zone 32N).
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marks the transition between the 150m and 100m elevations. 
The altitudes do not show significant variation; being less 
than 50 m. This may suggest that the lineaments detected in 
this plain do not correspond to topographical variations but 
rather to tectonic events (Rouvier & Ben Salem 1992). LP1, 
the northernmost lineament in the plain, is identified in the 
dunes, indicating the presence of geological rocks different 
from the sands that mainly constitute these dunes. Aeolianites 
with decarbonization chimneys and red clayey sands have 
already been observed in the field (Paskoff & Sanlaville1983). 
LP2 marks the southern limit of the dunes, corresponding to a 
lithological change between the dunes and the alluvia, mainly 
composed of gravel and clay. It coincides with the downstream 
part of the Oughof river. Equally, LP3 covers the northern 
part of the El Kebir river, while LP4 corresponds to the NNE-
SSE junction of the El Kebir river. The submeridian LP5 
separates this river and the Oughof river. The LP6 lineament 
is identified in the southeastern part of the plain, between two 
tributaries of the Oughof river, indicating an old watercourse 
(Rouvier & Ben Salem 1992). In light of the results obtained 
from the analysis of the lineaments, which have highlighted 
their influence on the geometry of the Tabarka alluvial 
aquifer, it is crucial to validate these findings. Therefore, 
we have undertaken a second phase of the study, focusing 
on the comparison with the results obtained from electrical 
resistivity surveys. This approach will allow us to further 
consolidate and thoroughly confirm the initial observations, 
thus deepening our understanding of the aquifer’s structure. In 
light of these findings and their implications for the Tabarka 
alluvial aquifer’s geometry, validation is essential. Therefore, 
a second phase of the study will focus on comparing these 
results with data obtained from electrical resistivity surveys. 
This approach aims to strengthen and confirm the initial 
observations, thereby enhancing our understanding of the 
aquifer’s structure and dynamics.

Validation and Discussions
To assess the influence of the identified lineaments on 

the geometry of the Tabarka alluvial aquifer, we established 
geoelectrical cross-sections traversing different lineaments in 
the plain. The most representative ones has been selected for 
analysis.The transverse geoelectrical cross-section for the LP2 
and LP3 lineaments integrates the electrical soundings S2 and 
S5, and the water boreholes P2 and P3 (Fig. 10). It illustrates 
that the dune aquifer and the alluvial one are recognized in 
the P2 borehole, representing resistivities of 950 Ohm. m and 
29 Ohm.m beneath VES 2.  Passing to VES 5, these values 
drop to 1.5 and 10 Ohm.m suggesting a notable enrichment 
in clays. At the P3 borehole, occupying the southwestern 
extremity of the section, the alluvial aquifer is intersected 
at 32 m.  The remarkable decrease in resistivity between the 
El Kebir river and the Oughof river, indicating a change in 
aquifer composition, coincides with the lineaments LP2 and 
LP3 identified within the Tabarka plain. Another geoelectrical 
cross- section, perpendicular to LP5 and passing through 
the electrical soundings S24 and S20 (Fig. 11), reveals that 
this lineament corresponds to a significant variation in the 
resistivity of the alluvial aquifer. In fact, VES 20 recognizes 
this aquifer with a resistivity of 40 Ohm.m, while VES 24 
exposes only conductive layers of 2 and 5 Ohm.m. 

The extension map of the Tabarka alluvial aquifer, derived 
from lithological logs of water boreholes and interpreted 
vertical soundings (Guellala et al. 2017), unveils areas 
unsuitable for exploitation in two primary zones (Fig. 12). 
The first zone (A) spans between the Oughof and El Kebir 
rivers, while the second (B) lies in the eastern part of the plain. 
Overlaying the lineament map resulting from satellite image 
processing (Fig. 8) onto this map reveals how the identified 
lineaments delineate boundaries between areas of interest and 
those less favorable for aquifer exploitation. Specifically, LP2 
and LP3 outline zone (A), while LP5 marks the boundaries 

Figure 7. Interpretation of a vertical electrical sounding: example of VES S19(VES interpretation was performed as part of this study).
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Figure 8. Synthesis map of the identified lineaments

Figure 9. Superposition of the identified lineaments on the digital model of terrain (DTM created from ASTER GDEM V2 image of 1/10/2012.
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Figure 10. Geoelectrical cross section transverse to the lineaments LP2 and LP3 (The resistivities are in Ohm. m).

Figure 11. Geoelectrical cross section transverse to the lineament LP5 (The resistivities are in Ohm. m).

of zone (B). The detection of these lineaments elucidates a 
significant decrease in alluvial aquifer resistivity within 
both zones (A) and (B), indicative of clay enrichment. These 
lineaments are interpreted as normal synsedimentary faults 
that have created downthrown compartments between the 
Oughof and El Kebir rivers and east of the plain, facilitating 
the accumulation of thick clay layers. The synsedimentary 
activity, driven by NW-SE and N-S tectonic events during 
the recent Quaternary extension phase, has been observed in 
various plains across northern Tunisia (Rouvier 1977, Ben 
Ayed 1986), significantly influencing the geometry of the 

Quaternary aquifer (Guellala et al. 2012). Moreover, these 
highlighted lineaments have influenced the course of rivers 
supplying the Tabarka alluvial aquifer, as evidenced by the 
directional shifts of the Oughof and El Kebir rivers aligning 
with LP2, LP3, and LP4 lineaments. Numerous authors have 
underscored the tectonic control exerted over the hydrographic 
network in Tunisia (Ben Ayed 1986, Kadri & Ben Haj Ali 
1999 Amiri 2012) and globally (Genna et al. 1997, Roux & 
Harmand 1998, Larue 2005).
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CONCLUSION
The integrated use of satellite imagery, water boreholes 

data, and vertical electrical soundings has significantly 
enhanced the hydrogeological schema of the Tabarka region. 
The analysis of satellite images revealed linear features in the 
Tabarka plain, which were subsequently overlaid onto the 
digital terrain model. Notably, these linear features, located 
along the edges of the plain, correlated with topographic 
elevations, while those within the plain coincided with notable 
variations in the resistivity of the alluvial aquifer, as revealed 
by geoelectric sections.

The identification and emphasis on these linear features 
are crucial, clarifying the change in the alluvial aquifer 
composition between the Oughof and El Khebir rivers, as well 
as in the eastern part of the plain. In these areas, the aquifer 
is considered uninteresting for exploitation, and these linear 
features may likely correspond to tectonic faults controlling 
the sedimentation of the permeable Quaternary deposits.

In conclusion, the use of satellite imagery in this study 
demonstrates its significance and reliability in reconstructing 
the geometry of alluvial aquifers. The delineation of linear 
features from satellite images has proven instrumental 
in identifying the Tabarka aquifer’s areas of interest for 
exploitation. 

This approach offers numerous advantages, including 
broad spatial coverage, accessibility to inaccessible areas, 
multispectral data, temporal monitoring, cost-effectiveness, 
ease of use, and the validation of existing models, contributing 
to effective water resource management planning. These results 
position this study as a noteworthy international reference for 
the application of satellite imagery in characterizing alluvial 
aquifers, particularly in scenarios with limited available data.
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