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Abstract

This paper attempts an overview of the application of remote sensing to groundwater studies. Its objective is to define the role of
the geological features in the underground hydrodynamic in the aquifer system of the Chott El Gharbi Basin (Algerian western
high plains) and identify a link between the fracturing and the meteoric water supply of this deep aquifer. The methodology
followed consists to study the fracturing map of studied area which is obtained after Landsat 7 ETM+ processing images. It is
based on structural lineaments mapping. The obtained map has been validated by geophysical results and geological map.
Statistical analysis of the lineaments network shows the presence of about 537 lineaments divided into four families oriented
according to the following directions NE-SW, NW-SE, N-S, and E-W. The lineament analysis of the studied basin provides
important information on subsurface fractures that may control the circulation and storage of groundwater. These fractures have
an undeniable hydrogeological interest because of their size, a priori favorable for the aquifers recharge in the region. The
probable link between the Chott El Gharbi implementation and the presence of mega fractures which some of them correspond
actually to Wadis is confirmed. The correlation between the productivity of high debit drillings and the closest lineament confirms

that these lineaments are surface traces of regional discontinuities and act as main groundwater flow paths.
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Introduction

The exploitation of the groundwater in the dry areas in Algeria
involves one of the main sources of the drinkable water sup-
ply. In order to reply to the durable needs of the populations,
the good knowledge of this vital resource is a need to ensure
its good management.

The study area is situated in the extreme west of the high
Oranian western plains in Algeria, more exactly the Chott El
Gharbi Basin. This area is the seat of vast aquifers system
multilayers bordered by two major structures (Tlemcen
Mountains in the North and Djebel Ksour in the South). In
spite of the major importance of the groundwater resources in
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this system, the hydrodynamic characteristics of the aquifers
are little-known.

This study demonstrates the use of LANDSAT 7 ETM+
(Enhanced Thematic Mapper Plus) imagery data for mapping
and analyses of lineaments in study area. Its objective is to
illustrate the application of these techniques for the structural
and hydrogeological characterization.

The main purpose is to define the structural context of the
borders, and the center of the basin, and to establish a link be-
tween the fracturing and the water supply of the deep aquifers,
thus to understand its role in the hydrodynamic functioning of
this hydrogeological system. In fact, this work required the
coupled use of remote sensing and geophysics data. The remote
sensing technics constitute a reliable approach in the detection
and the mapping of fractures (Kouassi et al. 2014; Ndong et al.
2014). Generally, the Geophysical methods and especially, the
electric prospecting allow specifying the location and the depth of
the tectonic discontinuities susceptible to be a seat of the ground-
water circulation. Indeed, they allow determining with a better
precision the positioning of hydrogeological interest zones
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(Israel et al. 1996; Thomas et al. 2002; Vouillamoz et al. 2003;
Boutaleb et al. 2009; Sombo et al. 2011; Kouassi et al. 2014).

More than half century ago, the use of the satellite imaging is
recommended as the best way for the hydrogeological
prospecting studies, to identify accumulation and transfer of
groundwater zones (Jourda et al. 2005, 2006; Amadi and
Olaschinde, 2010). Numerous studies (Kresic 1994; Youan
etal. 2009; Boutaleb etal. 2009; Mahamadou et al.2010) showed
that the satellite images contribute to the detection of the geolog-
ical features that have a direct link with the groundwater flow.
These various works collaborated in the recognition of the line-
aments’ importance for the hydrogeology (Youan et al. 2009),
then application of remote sensing to efficient groundwater re-
source exploration and management (Mogaji et al. 2011).

The methodology followed in this work includes the pro-
cessing, interpreting of the Landsat-7 ETM+ satellite images,
establishing a structural map from these images, and detecting
the geological faults which can drain infiltrated waters
(Boutaleb et al. 2009). The qualitative and quantitative analy-
ses of the lineaments map covering the studied basin after its
validation by the electric prospecting results allow to confirm
the existence of these structural elements and to specify their
characteristics in depth (Kouassi et al. 2014). Finally, this
work allows to show the role of lineaments in the alimentation
of the aquifer system of the study area, and to analyze the
general structural behavior of the region through a statistical
study of the identified lineaments.

Study area
General setting of study area

The Chott El Gharbi watershed is located in the western part
of the High Oranian Plains (west of Algeria) (Fig. 1). It is
characterized by a semi-arid to arid climate with irregular
and low pluviometry (100 at 300 mm/year (Benabadji and
Bouazza 2000a, b). The relief is almost flat, except in the
central part where the Chott is dominated by the cliffs cut of
40 to 50 m height. The bordering basin in the north and in the
south that constitute the Tlemcen mounts and Saharan Atlas
shows the summits that exceed sometimes 1600 m height
(Djebaili et al. 1984; Azzaz 1996).

Geologic and hydrogeologic setting

Geologically (Fig. 2), this region is formed by a Paleozoic
basement composed of Shale, sometimes metamorphosed.
Ordovician to carboniferous fossiliferous limestones, and
Sandstones (Benzaquen 1965; Boutaleb et al. 2009), ap-
pear to favor breaks (this formation is flush with faults
(tectonics) (Halitim 1988). These deposits are surmounted
by a Triassic series, represented by Gypsum clays and red
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Salts, purples or multicolored appearing abruptly within
more recent layer following diapiric phenomena. This
Triassic appears much localized in some points and in de-
pressions level (Auclair and Biehler 1967). The Jurassic
includes Dolomites on the base, Lias limestones and
Marl-Limestones supporting Sandstone and multicolored
Clays, (Jurassic passage to the Cretaceous), and ends by
Dogger carbonate slab; it occupies the high plain reliefs
such as the Djebel Antar, the Djebel Amrag, and Djebel
Hafid. The end of the Jurassic to the Albian is marked by
formation of the Sandstone sediment layer (Benest 1985;
Azzaz 1986, 1996).

The Cenomanian shows Marl and Marl-Calcareous fa-
cies with thickness of less than 100 m. The marine series of
the Cretaceous end by powerful Turonian Calcareous
benches which thickness can exceed 150 m. The
Senonian begins with Conglomerates which succeed clays;
it ends by Gypsum benches. The Quaternary is constituted
by the recent Alluviums that occupy the depressions and
the valleys bottoms. It is represented by sediments covered
by fragment of rocks, with alluviums, limestones, and wind
contributions (Azzaz 1986, 1996).

The geological structure in the Algerian western high
plains is formed by the big longitudinal and SW-NE faults.
The geological study of the basin highlights a synclinorium
structure affected by two big faults (the North Atlassic fault
and the South Atlassic fault) (Auclair and Biehler 1967). In
the sedimentary covering, the major and secondary faults are
distinguished. The N-E faults predominate; the N-W direc-
tions and meridional faults are less developed. According to
these faults, some tectonic movements are repeated several
times during the Triassic and Jurassic tectonic activation
(Benest 1985). The geophysical data confirmed the rooting
of several faults in the Paleozoic basement. The E-W longitu-
dinal faults affecting the deep features Cretaceous and Jurassic
are also highlighted by the geophysical studies (Geological
and Mining Research Office) (Office de Recherche
Géologiques et Miniéres (ORGM) 2006).

In the Tertiary, these zones underwent big tectonic move-
ments represented by three compression phases of NNE-SSW
to N-S directions and two distension (SW-NE) phases. From
where the appearance of the flexible structures represented by
upwarping, and depressions, and breakable structures marked
by NE-SW, NW-SE, and ENE-WSW directions fault (Benest
1985), these tectonic phases are the following:

1. Pyreneo-Atlassic compressive phase: It is the major phase
in the Saharan Atlas and a big part of the Maghreb. The
compression was of axis 150° N to 180° E, and numerous
faults played in strike-slip (Guardia 1970).

2. Last Eocene-Oligocene distension phase: This phase
is largely evoked by the authors (Guardia 1970;
Benest 1982, 1985; Delteil et al. 1971 in Bensalah
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et al. 2005). It is responsible of reactivation of the old
fault in the basement according to 55°-80° N and
140° N oriented faults. The forming of 60° NE horst
and graben structures is associated to this phase.

1°0 0°30'0

Giving rise to NE-SW faults. This movement of the
faults seems to precede the uprising of the Tlemcen
Mounts during the following compressive phase, in
the Tell and in the High Plains.
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3. Tortonian compression phase: This phase is responsible of
the thrusting and implementation of small folds between
rigid horsts (Guardia 1970; Delteil et al. 1971).

4. Distension phase between the Messenian and the Lower
Quaternary: It was an important event in the Oranian with
the forming of big subsiding basins. Certainly, it empha-
sizes the pre-existing horsts and the grabens (50° to 70°
NE) (Benest 1985).

5. Quaternary and Neotectonic compression phase: This
compression had to exacerbate the effects of the
Tortonian phases (Benest 1985).

On hydrogeological view, three principal aquifers are
distinguished:

—  The Lacustrine Calcareous of the Neogene is cross cut in
depths (between 4 and 200 m), is very cracked and
distorted, and often owns a good permeability. Their ali-
mentation is made initially by the outcrops, then through
the faults which affect the deep features, or by drainage
(Azzaz 1996).

—  Sandstone Middle Cretaceous aquifer (Albian) consists of
continental tab Sandstones in which the thickness is be-
tween 150 and 200 m in the Chott and changes between
50 and 100 m in the south (Saharan Atlas).

— The Jurassic aquifer constituted by Dolomites and
Lacustrine Limestone, whose thickness is between 100
and 200 m, constitutes a karstic-type aquifer. This aquifer
presents generally a fracture network, joints, and inter-
connected alteration zones, which confer it a high perme-
ability (Azzaz 1986, 1996). On the tectonic plan, all the
aquifer layers are affected by various direction faults.

Hydrological setting
Drainage system

The drainage network and catchment of the Chott El Gharbi
were extracted from DEM (Digital Elevation Model) data and
on screen digitization from topographic map (Fig. 3a, b). This
watershed is drained by little-developed hydrographic net-
work, whose total length is 19,034 km represented by 15 main
wadis exceeding 6 km length. The permanent wadis are ab-
sent. Most of these rivers located in the north originate in the
crests of the Tellian Atlas and flow to the south in the Chott.
Other less importance rivers located in the south are charac-
terized by a temporary flow. They originate at the northern
flank of the Saharan Atlas located to the south and flow to-
wards the north. The drainage system of this study area pre-
sents an incontestable adaptation to the tectonics in the region
(Djebaili 1984).

The Chott is supplied with runoff water by a large endorheic
hydrographic network (hydrography of the closed basin). All
these wadis are in contact with salty rocks more or less furniture
and contribute to the feeding and salting of groundwater.

Drainage density (Dd)

The drainage density can indirectly indicate the groundwater
potential of an area, due to its relation with surface runoff and
permeability. It is defined as the total length of streams of all
orders per drainage area (Horton 1932).

In the study area, drainage density has been identified and
mapped as shown in Fig. 3c. This map shows that very high
drainage density is found scattered in the southern, northern,
and western parts. Moderate and low drainage density con-
centrates in the central and eastern parts.

Data and methods
Data

The main data used for the mapping of the structural linea-
ments is Landsat 7 ETM+ satellite images acquired on
November 2001 corresponding to the dry season in the area
(Path 198 row 36 and Path 198 row 37), downloaded from
United States Geological Survey (USGS) web site. In addition
to these data, several types of data were used; they include the
geological map of the study area, extracted from the geolog-
ical map of Algeria at 1/500,000 scale, and the topographic
maps at 1/200000 scale (topographic maps of Chott El Gharbi,
Tlemcen, and Beni Ounif). These maps were provided by the
National Institute of Mapping and Remote Sensing.

Finally, the results of two electrical prospecting compan-
ions realized in 1974 by the General Geophysical Company
(Compagnie Générale de Géophysique CGG), then in 2006
by Geological and Mining Research Office (Office Nationale
de Rcherche Géologique et Miniére ORGM), have also been
used to correlate our results with.

Methodology

The methodology followed in this present study is illustrated
in Fig. 4. It includes two stages:

—  Thefirst stage consists of using the remote sensing to detect
the present lineaments in the study area and then to identify
the dominant families through statistical approach.

—  The second stage consists of interpretation of lineament
map, in order to determine the link between the fracturing
and its probable role in the formation of the Chott El
Gharbi hydrogeological basin, as well as the alimentation
of its aquifers.
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Fig. 4 Flowchart showing the methodology used in the present study

To judge the efficiency of the method used, the extracted  Digital processing of the Landsat 7 ETM+ images
lineaments from digital processing of satellite images have
been confronted with geophysical results and geological data ~ The lineament extraction from the satellite images is based on
of preceded author’s works. image enhancement process in particular through their
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radiometric correction (Boutaleb et al. 2009; Koita et al.
2010). In order to map the majority of the fractures affecting
the study area, diverse digital processing techniques are then
applied to better identify the wanted lineaments. These tech-
niques include the colored compositions, the combinations of
bands, the principal component analysis (PCA), and finally
the directional filtering (Kassou et al. 2012).

To note, the band combination 341 (Fig. 5a) allows to ob-
tain more readable and contrasted images. Besides, the calcu-
lation of the bands ratio, by taking least correlable bands,
allowed realizing new colored compositions of the images
(Boutaleb et al. 2009; Youan et al. 2009; Kouassi et al.
2014). According to some authors (Kouamé et al. 1999;
Koita et al. 2010), the combinations that give best results are
(ETM+4 + ETM+6), (ETM+7 + ETM+6), and the band ratio
(ETM+6 — ETM+7)/(ETM+6 + ETM+7), as well as combina-
tions, ETM+5/ETM+4, (ETM+6 + ETM+4)/(ETM+6 +
ETM+4) (Youan et al. 2009).

The band ratio ETM+7 — ETM+4/ETM+7 + ETM+4 al-
lows visualizing the connected lineaments with the river sys-
tem highlighting the flowing zones that are very important in
hydrogeology (N'guessan et al. 2015). The (ETM+6 + ETM+
4), (ETM+6 — ETM+4)/ETM+6 + ETM+4), ETM+5/ETM+
4, and (ETM+6 — ETM+7)/(ETM+6 + ETM+7) combina-
tions, were used as input images for the filtering technics,
which is a relevant processing for the enhancement of the
linear structures (Youan et al. 2009).

The principal components analysis PCA is an effective
technic to enhance the appearance of the multi-spectral images
for geologic interpretation (Biémi 1991; Gannouni and Gabtni
2015; N'guessan et al. 2015). The application of this technic
allowed us to create colored composition with the first three
components. The filtering technic aims to eliminate the noise
contained in the images. The directional filters improve the
visualizing of the lineaments, by causing an optical shadow
effect focused on the image as if it were illuminated by a
raking light (Marion 1987; Gannouni and Gabtni 2015). The
Sobel filter has the particularity enhancing the lineaments
which are perpendicular to their direction (Coulibaly 1996).
In this study, the applied filters are the Sobel filter following
various directions 0°, 45°, 90°, and 135°. These filters were
applied to the images derived from PCA analysis, as well as
from the band ratio. These filters allow highlighting large of
faults families according to different directions (Boutaleb et al.
2009; Youan et al. 2009, 2014; Koita et al. 2010; Kouassi et al.
2014; N'guessan et al. 2015).

Structural mapping from the processing images
The structural lineament mapping consists to scan in the geo-
graphical information system (GIS) any linear structure ob-

served on the processing images. This digitalization is based
on the direct tracing of lineaments detected according to
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various directions of filters. These images are superposed on
the georeferenced topographic maps, to avoid a possible con-
fusion of lineaments with the river system, and other anthro-
pogenic activities (Kouamé et al. 1999; Lasm et al. 2004;
Koita et al. 2010; Kassou et al. 2012; N'guessan et al. 2015).

The constitution of the fracture network allowed us, finally,
to draw the map of structural element synthesis by superim-
position of the different maps drawn according to different
directions of the filters (Boutaleb et al. 2009).

The resulting map was obtained after the confrontation of
the detected lineament network, with the data found on the
existing geologic map (N'guessan et al. 2015), the geophysical
campaign results, and the works of the different authors.

Results and discussions
Results of the Landsat 7 ETM+ processing

The principal component 1 (PC1) image (Fig. 5b) shows 81%
of the variance. This component contains the maximum of
information (the lineaments that are more visible in the
PCA1 than in the raw image). The principal component 2
(PC2) image did not contain linear objects, even after the
processing. Thus, the use of the PC1 image as working image
is a justifiable choice. The RGB (Red, Green and Blue) image
resulted from the colored composition (PC1, PC2, and PC3)
(Fig. 5¢) and allows the lithological discrimination between
the features (Youan et al. 2009, 2014; Koita et al. 2010). So,
the Jurassic seems green and blue. The Quaternary features
appear in purple, pink, greenish yellow, and pink.

The calculation of the bands ratio allowed realizing new
colored compositions. In the case of this study, the composi-
tion which gave the best result is (ETM+6 + ETM+4), (ETM+
6 — ETM+4)/(ETM+6 + ETM+4), ETM+5/ETM+4 (Fig. 5d)
(Youan et al. 2009, 2014). On the image of this composite, the
Jurassic appears in purple and blue, and the Quaternary is
green.

Most of the information (at least 80%) is observed in PC1.
So, the application of the filtering to this first principal com-
ponent is chosen. To maximize the extraction of lineaments in
all directions, the Sobel directional filters in the directions 0°,
45°,90°, and 135° are applied to this image.

Figure 6 shows the product of each of these filters. The
Sobel filter images outlined the various features and the mega
tectonic faults which affect them (Youan et al. 2009, 2014).

Orientation of the lineaments networks

The fracture network analysis of this region obtained after the
diverse treatments of the image Landsat TM proves the exis-
tence of the dominant orientations of lineaments. The final
lineament networks map (Fig. 7a) shows four main directions
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of lineaments NE-SW, NW-SE, N-S (these lineaments are not
numerous), and E-W and less important directions ENE-
WSW and NNE-SSW.

The NNW-SSE direction corresponding to mega-
lineaments crosses diagonally the study area. These linea-
ments are moved in dextral by the NE-SW lineaments.
Another E-W mega-lineament crosses the Chott El Gharbi
and seems corresponding to the continuation of the North
Atlassic Fault. The NE-SW faults constitute the preferential
direction. It corresponds to some well-marked faults in the
south and north of the basin (Tlemcen Mounts and Western
Saharan Atlas). The NW-SE faults are also visible in the same
area as the previous network. They seem formed with the
latter a combined system.

The directional rose diagram of the synthesis map (Fig. 7b)
shows an important peak in the direction 60°~75° N. So, the
lineaments of NE-SW direction are predominant. Three impor-
tant lineaments in length are in the NNW-SSE direction. They
cross diagonally the Chott El Gharbi Basin, with 269, 225, and
129 km in length. Another E-W lineament of 195 km length
crosses the depression of the Chott El Gharbi. These two direc-
tions (NN'W-SSE and E-W directions) of lineaments have a key
role in the formation of the Chott, and its water supply.

Lineament density map

The lineament density map of the study basin is shown in
Fig. 7c. This map is produced by applying GIS (Geographic
Information System) techniques from lineament map extract-
ed from satellite Landsat 7 images. The area was divided into
equal area grids. The number of lineaments in each grid was
counted and recorded. The purpose of the lineament density
analysis is to calculate frequency of the lineament per unit area
(Hassani and Adhab 2014). The fracture density map is
expressed in cumulative length of fractures per mesh of 5 x
5 km. The map reveals that the study basin that shows three
arcas with high lineament density (1.18 km/mesh) occupies
the central, south-west, and north-east parts; this high density
of discontinuities gives evidence of tectonic movements
which have affected the geological formations in the course

Table 1  Lineament characteristics of the study area

Lineament Number Total length of

direction of lineaments Percentage
lincaments (km)

NE-SW 300 3121 57%

NW-SE 223 1060 20%

E-W 5 220 4.15%

N-S 10 889 16.80%

Total 537 5290 100%
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Fig. 8 a Geological section AB following the line of hydrogeological P
surveys (ORGM 2006). b Electric survey at the parametric survey of
Bouterkine. ¢ Electric survey at the parametric survey of Sidi Ahmed.
d, e Geoelectric sections in the study area (ORGM 2006) (CGG 1974). f
Position map of sections

of geological time. This map shows also a low density in most
of the study area comparatively to three areas cited above.

Statistical analysis of lineament networks

The lineament map derived from the satellite images includes
537 structural elements (Table 1), with a total length of about
5290 km; their length varies from 0.53 to 269.93 km with an
average length of 9.87 km and a median of 5.23 km. The NE-
SW class is the preferential direction. It has a predominant
statistical distribution grouping 57% of the total length and
56% of frequencies. The NW-SE fractures include 20% of
the total length and 41.41% of the frequencies. The N-S line-
aments obtain 16.80% of the total length and 1.86% of fre-
quency, which confirms their kilometric character length.
Finally, the E-W faults obtain 4.15% of the total length and
1.86% of frequencies.

The histogram presented in Fig. 7d shows that more than
493 fractures present less than 30 km in length, and 25 ele-
ments have a length between 30 and 100 km. The biggest
lineaments whose length exceeds 100 km are therefore the
least occurrence. The small lineaments, whose length is be-
tween 1 and 30 km, represent more than 95% of the whole
tectonic structures.

Contribution of geophysics data in the lineaments
mapping

The regional geological section realized by the ORGM (2006)
following the line AB through the hydrogeological survey of
the Chott El Gharbi Basin (Fig. 8a) shows that the latter (Chott
El Gharbi Basin) is affected by major tectonic faults that are
divided in several compartments affected by vertical displace-
ment. The section indicates six blocks bounded by faults, in
which three of them seem lifted: An oriental block intersects
by the Artesian survey, a western block crossed by the
Maghboura survey. Finally a central block which is crossed
by the Khoui-Sidi-Ahmed drilling where it note the rise of the
subtratum by deep faults is noticed (ORGM 2006).

The results of the electrical prospecting realized by the CGG
and the ORGM show a multi-directional fracture network af-
fecting all the Jurassic to Quaternary fields (Fig.8b—d) and con-
firmed the deep forming of several faults in the Paleozoic base-
ment. These results show the following tectonic characteristics:

—  Atthe depression of the Chott, the faults extend according
to NE-SW and NNW-SSE directions. On the west of the
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<« Fig. 9 a Lineaments map derived from previous geological map of the
study area. b Lineaments map derived from geophysical data of the study
area. ¢ Directional rosette of lineaments map derived from geophysical
data. d e The relationship between the drainage system and the main
tectonic elements and fractures orientation

Chott, the NW-SE faults cause subsidence from the
Jurassic level until the depths of 400 to 700 m.

—  Further east, two other NW-SE parallel faults interrupt the
series by raising the Triassic features (Fig. 7e). Three
other major accidents of the same direction NW-SE are
detected, and a fault which presents setback at Djebel
Antar, a last E-W fault which separates Djebel Antar from
Djebel Amrag (CGG 1974).

—  Longitudinal faults of E-W direction, which could affect
the deep Cretaceous and Jurassic features, were also de-
tected by the geophysical methods (CGG 1974).

Fig. 10 Coupling between

Therefore, the geophysical methods highlight NE-
SW direction faults that are the axis of the synclinal
structure. However, this alignment is perturbed by
secondary faults. Based on this interpretation, a strong
network of main and secondary faults was updated.
This set (a strong fault networks) has an important
role in the implementation of the Chott, and favorable
zones of groundwater accumulation, among these
structures the one (a fault) crossing the study area
from the N-E to the S-W in the same direction of
the principal faults.

In the northwest zone, it is observed the presence of
two major (NNW-SSE) faults which have an important
role in the circulation of the groundwater. In the south
of this area, a complex faults have been highlighted
(ORGM 20006).

synthesis map of lineament and
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Confrontation of fracture networks with structural
geology

Evaluation and validation of the extracted lineaments from
digital processing stage of satellite images are essential to
judge the efficiency of the method used (Kouamé et al.
1999; Wladis 1999). The confrontation of the lineament map
with the existing geological map (Fig. 9a) and lineament map
derived by a geophysical investigation (Fig. 9b) shows a big
concordance of the identified fractures that extend in the same
direction NE-SW, but a large number of faults highlighted on
the lineament map derived from the image processing do not
appear on the geological map.

Confrontation of fracture networks with drainage
system

The NE-SW direction in the north sector represents the main
direction of the drainage network. The abundance of lineaments
in this sector compared to the southern sector could be ex-
plained by the importance of the drainage network in the north-
emn part (Fig. 9d, e). Comparison of the drainage system and
lineament structures has shown that the drainage system of the
area is structurally controlled following lineament directions.

Role of lineaments in underground circulations

The identification of the lineaments role in the groundwater flows
isbased on the drilling data. The method proposed consists study-
ing the correlation between the drilling flows and their distance to
the closest lineament (Koita et al. 2010; Savané 1995).

The total number of drillings is 400, which are differentiated
according to two flow classes; the first one corresponding to the
drillings whose debit included between 2 and 4 1/s (343 drillings
with low debit). The second class corresponds to 59 drillings
with debit varying between 25 and 40 I/s (drillings with high
debit). This classification (drillings with high and low debit)
corresponds to the classification adopted by the committee
Inter-State of Hydraulics in West Africa (Koita et al. 2010).

The distances (the shortest straight line perpendicular to the
lineament) of each of these drillings to the closest lineament were
calculated in order to estimate the evolution of the debitaccording
to the distance between drilling and lineament. Other parameter
considered as productivity indices was also taken in the analysis
of'the debit; it is the depth of the drilling (Koita et al. 2010).

Indeed, the drillings with the high debit have thirty (300) m
to forty (400) m in depth, and the depths of the drillings with
low debit are between 15 and 40 m.

Coupling of the lineament networks map and the map of spa-
tial repartition of drillings is illustrated by Fig. 10. This map
shows that the most of the drillings with high debit are on or near
these lineaments. In contrary, the drillings with low debit do not
present a particular organization with lineaments. However,

@ Springer

Table 2 Correlation between the debit drillings and their distance to
lineaments

(a) Drillings with high debit (debit > 20 1/s)

Variables Distance Debit Depth
Distance 1 -0.249 -0.184
Debit —0.249 1 0.251
Depth —0.184 0.251 1

(b) Drillings with low debit (debit <20 1/s)

Variables Distance Debit Depth
Distance 1 —0.092 —0.148
Debit -0.092 1 0.394
Depth —0.148 0,394 1

some zones where drillings have an important debit also present
the drillings with low debit. These drillings pick up shallow
groundwater of the region and probably have a low hydraulic
connection with the major lineaments (Koita et al. 2010).

The analysis of the correlation matrix (Table 2a) between
the high debit drillings and their distance to the major linea-
ments shows that the debit evolves inversely proportional to
the distance. The correlation is negative between these two
parameters (— 0.24). This negative correlation allows asserting
that these major regional faults are the seat of an important
groundwater circulation, and they have an influence on the
hydrodynamic behavior of the region aquifers (Koita et al.
2010; Pistre et al. 1995).

The correlation matrix between the low debit drillings and
their distance to the major lineaments (Table 2b) shows the
absence of correlation (0.09). This latter confirms that the high
potentiality zones are located in the neighborhood of the major
discontinuities (Koita et al. 2010).

Conclusion

The treatment and interpretation of satellite imagery allowed
mapping most of the hydrogeological lineaments present in
the Chott El Gharbi Basin. The analysis of the fractures net-
works of'this region shows the existence of the dominant orien-
tations of lineaments. The statistical analysis of lineaments in-
dicates preferential directions NE-SW, NW-SE, E-W, and N-S.
The NW-SE direction, largest in the north sector, represents the
main direction of the drainage network. The study of fracturing
intensity revealed thatthe northern, center, and southern regions
of'the study area are severely fractured. The validation of these
lineaments on the geological map showed the existence of these
fractures. Certain lineaments have been validated by geophys-
icalresults; these results have confirmed the connection of some
lineaments with the deep fractures which are corridors of water
circulation. The most productive ones are essentially reservoirs
formed by large fracture networks.
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Coupling of the lineament network map and the map of
spatial repartition of productive drillings allowed the identifi-
cation of the different types of fractures that could constitute
water reservoirs.

The lineament density map shows three areas with high
lineament density located in the central, south-west, and
north-east parts of the basin.

Comparison of the drainage system and the fractures direc-
tions has shown that the drainage system is structurally con-
trolled following lineament directions.

The geophysical prospection in the study area has specified
the favorable zone (junction of the fault zones) and the impor-
tant role of the N-S and E-O fractures.

The identification of the role of lineaments detected in the
underground circulation consists of their representation with
various drillings on the same map. This final map shows a
remarkable correlation between lineaments and drilling flows.
This correlation is even more marked in the great lineament E-
W which passes the Chott itself and which would be at the
origin of its forming, and later at the origin of the aquifers
alimentation. These observations confirm the major role of
lineaments in the recharge of the deep aquifers of the basin.
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distribution, and reproduction in any medium, provided you give appro-
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