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Abstract

The Wadi Touil plain is situated southwest of Tiacy; it contains two important localities, Ks@hellala
(Reibell) and Zemalet EI Amir Abdelkader (Taguin&€his semi-arid region belongs to the western Hulgtins
and is characterized by scarce and irregular rhifffae lack of surface water and the agricultuaefivities of
this region increase the demand for groundwaterei®¢ water boreholes were installed to meet thgelavater
needs; however, these boreholes no longer covehnitfiredemand for water due to the increase in g,
increase in irrigated areas, and wear and teamuampp. Therefore, in order to better define thehragnt area
and find new sites that meet the water quality godntity requirements, a geoelectrical survey ughmg
electrical resistivity method was carried out ire tWadi Touil large plain South of Tiaret to invegstie the
electrical characteristics of sub-surface layerdmgl evaluate the aquifer potentials. Using the Bubkrger
array, a total of 127 vertical electrical soundingsre conducted along 16 profiles. The recorded dare
interpreted quantitatively and qualitatively thrbuthhe use of isoapparent resistivity maps, geaétetipseudo-
sections analysis, and the established geoelagciions. The results show the presence of thngepvemising
levels; the surface aquifer formed by the Mio-glloaternary terrainp(= 55 ohm.m), the Barremian-Albian-
Aptian complex § = 300 ohm.m), and the Jurassic aquifer(1200 ohm.m). In this study, we determined the
extent of these aquifers, their depth and theickiéss. These results provide a better understgrafirthe
geology and the deep geo-structure of the regitve fEmote sensing observations using Sentinel 2#gés

located the wet lands and provided visual evidesfcthe evolution of the irrigated areas over tirR@ally,
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according to the study results, the most favorahées for the establishment of water exploitationenoles are

proposed.

Keywords: Geoelectrical investigation; Arid regions; Waseipply; Groundwater aquifers; Northwestern Sahara

Aquifer System (NWSAS); Sentinel 2A

1. Introduction

Groundwater is the main source of supply for pedaplarid and semi-arid areas. It forms a peremsérve to
which people lean during water crises and periddsaught. The large underground water reservairsid and
semi-arid regions of Algeria have experienced deépieof their resources in recent years; this isnigadue to
the high demand to support the expansion of ireigareas (Famiglietti, 2014). The study area beldnghe
western high plains in northwest Algeria, whiclaipart of the Northwestern Sahara Aquifer SystekVEAS).
The NWSAS is dealing with a negative balance betwaguifer recharge and water exploitation leadmg t
crucial depletion (Richey, 2014). Overexploitatimihgroundwater also contributes to the deterioratib water
quality through increasing saltiness (Custodio,2@thezzani and Bouchemal, 2018; Mamou et al., 2008e
high plains region has experienced a large increaseltivated areas thanks to a development piartHese
regions in the Algerian government's 2010-2015-figar plan (Mozas and Ghosn, 2013). Hence, morervigat
pumped, leading to the depletion of surface agsif€éhe authorities have launched a geophysicapprisg
campaign using the geoelectric method in the WadiilTarge plain, with the aim of satisfying theeaks of the
growing populations, notably those of Ksar Chelkmtal Taguine. These two agglomerations are situatéue
Wadi Touil large plain characterized by high evapespiration (Fatah et al., 2012; Hamimed et @08

Laouisset and Dellal, 2016), which increases thmat®l for water.

The study area belongs to the semi-arid climate abaracterized by hot summers and cold winters.armual
rainfall in the Wadi Touil region rarely exceeds03thm/year. This low precipitation rate is insuféiot to
effectively recharge shallow aquifer resources. geemorphological aspect of the study area alloatheging
waters from the surrounding mountains. The WadiilTtawge plain receives high flows from the Djebel
Hachemia and Southern Atlas Mountains of the Aflegion. This water accumulates over the Wadi Tand

contributes to the water table recharge in additiotihe annual rainfall directly in the Wadi Tolagtge plain.
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During the geoelectric campaign carried out byrthgonal geophysical company (ENAGEO) in the WadluiT
region, 127 vertical electrical soundings were amteld along 16 profiles using the Schlumbergerya(ffey. 1).
This method is proven to be a low-cost technique: arifiable tool in groundwater exploration, esipég for
hydrogeological surveying of arid and semi-aridasr¢Asfahani, 2007b; Nejad et al., 2011). Thusessv
geophysical studies by electrical survey have lwaeried out in similar regions to solve water-rethproblems
(Kosinski and Kelly, 1981; Yadav and Singh 200k&a8dar and Christen, 2012; Maury and Balaji, 2044
investigate deep underground aquifers (Aoudia et2820; Metwaly et al., 2012; Asfahani, 2007a; aksfni,

2013; Zaidi and Kassem, 2012; Redhaounia et al5R0

The recorded data were interpreted by establisidogpparent resistivity maps for different AB (dept
analyzing the geoelectrical pseudo-sections (appamesistivity) and establishing geoelectric sawidqtrue
resistivity). The results revealed the existencahoée potentially aquifer levels: (i) The mio-phoaternary
aquifer with limited resources, (ii) The contingnintercalary (Cl) formed by the formations of tAéian,
Barremian, Aptian and Neocomian, and (iii) The 3sr@ aquifer, essentially karstic. The geoelecidctions
show that the CI has good characteristics of hyldraontinuity and thickness. Moreover, the geoglegesults
indicate the existence of structural discontinsitegiented NE-SW, which are interpreted as fautitd eénese
faults seem to be controlling the subsurface wgttadient. Consequently, the Sentinel 2A images sthaivthe

eastern part of the Wadi Touil plain is more humnid contains more plant cover than the western part

The different maps and results were integratedoeadllain in a geographic information system (Gi&)dcate
the suitable areas for catchment drilling and toermearly identify the deep geological structufahe study

area that may control the aquifer flow paths ofrigon.
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Fig. 1 General location map of the Wadi Touil plain shogvthe vertical electrical soundings location.

2. Geology and hydrogeology

The study area belongs to the western Saharan Wtlase the sedimentary cover contains formationgirg
from the Jurassic to the Quaternary. The litholagg ages of formations have been recognized fraaraps
and drilling. The geological work undertaken in gtady area is primarily discussed in mission rep@hyad,
1991; Ayad, 1997; Braham and Hamidouche, 2007; &prt954; Caratini, 1970). The most important qmdirt
the study area is covered by Tertiary fill, whialcanformably overlies the Cretaceous and Jurassidtions.
The tertiary fill is formed by Miocene sandstones ®liocene-Quaternary sands and clays. The théskokthis
level ranges from 1 to 100 m with an average thésknof 25 m. Hydrogeologically, this level contdinsited
water resources; nevertheless, a hundred traditielts produce the waters of this aquifer. Thus, s@nsider

this level an important aquifer for domestic andtpeage purposes.

The Cretaceous age formations form the importapérta in thickness. These formations outcrop in the
northeastern part of the study area. The Turonigorops on both sides of the Wadi Touil at thetldi of the
small town of Taguine (Fig. 2). The Turonian isnfd by massive, sometimes fractured limestonelkast

secondary porosity from cracks and karst cavitidsch gives it water aquifer potential. Howeveroar study
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area it is thinner; hence, it is not consideredmaportant aquifer resource in this region. The Geanian is
mainly marl and outcrops around the Faidh Es Sma&.al'he thickness of this level is large and ttogesvery
important, up to 500 m. Although large, this then@manian rock unit is characterized by a low pebilida
and poor water production potential. The Albiancoops in Douar Megane in the south and in FaidliS&sak

in the northeast and is an important aquifer in #ilas region (Maoui et al., 2010; Kerbadj et &Q17;
Edmunds et al., 2003; Winn, 1973). It is mainly dstones with very good hydrodynamic characterisiiss
thickness is around 300 m. The Aptian unit is inspot in the Wadi Touil plain, despite its not oafgping, but
its underground extension is important. The Aptiaran average thickness of 250 m and forms, with th
Barremian and the Albian levels, the well-knowna@uifer. The CI aquifer has an average thickned60 m
and contains the Barremian sandstones, which aat gnhan 400 m thick. This aquifer has an imperheeab
substratum formed by limestones and marly dolomitd®se impermeable levels with approximately 130 m

thickness, are attributed to the Neocomian.

Jurassic formations outcrop in the anticline stitetof Djebel Hachemia. The deep borehole (194986,Fig.
1) indicates the presence of two levels, the figstsists of the Portlandian, which is 270 m thiol anainly clay
and limestone. This level is characterized by apenmeability. The second level is the Kimmeridgahich is
formed by fractured dolomites and limestones. Tdtal tthickness of the Kimmeridgian formation is 3&0

which is an important karstic aquifer.

The study area is within the western Saharan Atvagch is an intercontinental mountain range intNdkfrica.
The structures in this region are elongated in aS\¥ direction (Amri et al., 2017). The major fauitsthe
western Saharan Atlas are NE-SW trending normatsfgBracéne and de Lamotte, 2002). Wadis oftemldyor
these faults when they are extensive and active.shlall faults contribute to the aquifer recharggecially in

the Jurassic outcrops where the faults networkei$ developed.
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Fig. 2 A Geological map of the study area, modified afteodified from Cornet (1954)), B: Synthetic

stratigraphic log. .

3. Materialsand M ethods

3.1. Vertical Electrical Soundings (VES)

ENAGEO carried out a geophysical campaign in 198inguthe vertical electrical survey method in thadv
Touil plain. The Schlumberger electrode configunathaving a maximum current electrode spread ABO®O
m was used and performed using the Scintrex TS@r3mitter. A total of 127 surveys using the Schiderger
array configuration were collected (Fig.3). Brigefly vertical electrical sounding is representedabgiscrete
sequence of apparent resistivity measures of theusface, carried out with a growing spacing betweeeouple
of current electrodes (A and B) (Cimino et al., 2D0 In the Schlumberger array, the apparent retjsis

calculated according to the equation:



PP - ?

126  Wherekk =n , AV = potential dif ference and I = current intensity

MN
127

128 Fig. 4 shows the basic principles of an electribethod survey. The data collected during this immssvere
129 used by the National Agency for Hydraulic Resour@dsRH) for drilling projects. Through this studye use

130 recent software and methods to further refine andterpret the VES data.
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Fig. 4 Principle of electrical method. Electrical curréntnjected at A and B electrodes. Difference atemtial

is measured between M and N electrodes.

The raw data were used to develop isoapparenttivitsismaps and pseudo electric sections. The agpgar
resistivity curves were obtained and interpreteshgishe IPI2WIN software, and then results wereduse
calibrate the true resistivities with borehole ditaobtain the resistivity scale. Four boreholemed 194-G6,
195-G6, 495-G7 and 627-G7 located very close to €S named J13, K8, O4 and Q9, respectively (Big.
Through the IPI2WIN software we calculated resisticurves as a function of the depth; that iseal terrain
resistivity with respective depth. Then, we compatie depth given by the software and that of treigraphic
log of the well (we chose the four most completgs)o The O4 VES is situated in the Wadi Touil wall&he
resistivity curve indicates the presence of threeefpctric layers, which are interpreted from ttratigraphic
log of 495-G7 borehole as three geological unitent¢, the first layer with a resistivity of 85.4 @Im and
thickness of 4.89 m, was attributed to the Quatgrifgig. 2), the second layer was attributed teesistant
Cretaceous level (Albian sandy aquifer), and adthé@yer was attributed to a conductive Cretaceewsl|
(Aptian). Similarly, the other VES resistivities meecalibrated with the respective boreholes (FjgASsynthetic
stratigraphic and corresponding resistivity scadesestablished to better interpret the geoeles&ations and

pseudo-sections (Fig. 6).
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155

156  According to the resistivity scale, the geoeleetrgections were realized and interpreted. Usiegy#pnelectrical
157 sections, pertinent information (depth, thicknessl dongitudinal conductance) about promising layees

158 collected and organized in a data base. From thagsdfer characteristics maps were produced.

159

160  3.2. Remote sensing

161  Two remotely sensed data sets were used to magwtietion of agricultural and vegetated lands fr2d®1 to
162 2018. These consist of the Sentinel 2A data setl@dandSat 7 Enhaced Thematic Maper ETM. Theirgsnt
163 2A image (Tile T31SDU) was recorded November 218018 and downloaded for free from
164 https://scihub.copernicus.eu. The Landsat 7 ETNnage (Row 36, Path 196) recorded April 16th, 20@& w
165 downloaded for free from https://www.earthexplausgs.gov. The two images were processed using ARCGI

166  software. The applied image processing techniquesand ratios and Principal Component AnalysisARPC
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The band ratio technique consists of dividing opectral band by another band. It facilitates déferation
between land cover types (Madani and Emam, 20118.PICA is a method in which original data is transfed
from a large dataset in six spectral bands intorapressed representation in a few new bands, tieréhree
first neo-bands, called principal components (Taklzind Becker, 2009). These two techniques arelwigsed
in geosciences as a tool to map geological featiard use and land cover, water bodies, etc., @adKusky,
2007; Bersi et al., 2016; Saibi et al., 2018; Cimebet al., 2019; Lasaponara, 2006; Mohamed e2@l8). The
results of these two techniques produced valuethétotal vegetated and irrigated agriculturabmduring the
respective time periods, which we then used to nwkand use comparison between the time periods. Th
Sentinel image allowed us to detect an undergrowater barrier which manifests at the surface as a

discontinuity in the vegetation cover.

Both the VES technique and remote sensing congibdditional understanding of the water potentfaithe
study area. The VES technique allows investigatimg subsurface potential zones and detect theasatur
layers, while the remote sensing technique detbetshallower humid zones, which indicates theges of a
source of underground water. Therefore, the coufdelniques produce a best practice for locatimgnising
groundwater drilling target zones. Finally, a gahenap showing the suitable sites for new wateltimyi is

presented. The methodological approach is sumntaitizEig. 7.
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Fig. 7 Methodological approach.

4. Results and discussion

4.1. | soapparent resistivity maps

ArcMap GIS software is used in this study to spigtisepresent the isoapparent resistivity of siedent AB

values. The depth of investigation depends on thtamkte between the two outside electrodes AB (Ray
Apparao, 1971). Thus, for the used Schlumbergetyathe depth of investigation is of the order df t 0.3
times the AB length (Barker, 1989; Roy and Elli®§81; Benabdelouahab et al., 20019). For this sttigy
average penetration depth is AB/4 (0.25 times Amglle). Generally, the AB isoresistivity map showsiés
variations that affect layers at depth between A@id AB/5. The results from VES are used to ploapgparent
resistivity contour maps at AB = 200, 500, 10000@03000 and 4000 m. Thus, the obtained maps & tos

investigate terrains at 0 to 50, 50 to 125, 12850, 250 to 500, 500 to 750 and 750 to 1000 m depth

The AB = 200 m map shows the geological formatilmtated at an approximate depth of 40 m (Fig.8e Th

resistivity ranges from 9.6 to 1120 Ohm.m. The lasistivity values are concentrated in the Wadiillaailey,



198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

north of Taguine locality. This area is characediby thick Quaternary and Miocene sediments, whiehvery
good conductors when relatively wet. The high tastg values are concentrated in Djebel Hachendi (10
and J11 VESSs), indicating a shallower Jurassic &tion, and in Faidh Es Senak region (O8 VES) reguftom
the Cenomanian thin layer (a resistant limestofle¢. high resistivity anomaly around S1 and S2 ViESkie to
the high topographic position of these surveyscilis on the crest line (Redjem Amour) formed hgy Itiulging

of very resistant tertiary formations.

The AB = 500 m map shows the geological formatioeated at an approximate depth of 120 m. Thetreitys
ranges from 12.6 to 1370 Ohm.m and two anomalige whserved in this map. The first is a negativenzaly
(low resistivity values) located along the Wadi Talley, which can be explained by the thickne$sertiary
sediments in this valley and by the presence ofergrdund waters which come from irrigation and wast

waters. The positive anomaly (high resistivity \elis located in the Djebel Hachemia Jurassiclamdi

The AB = 1000, 2000 and 3000 m maps, which invagtigayers at 200, 400 and 600 m depth, respegtivel
indicate the presence of a deep positive anomaBjebel Hachemia due to the massive Jurassic lonestand
dolomites. While, the negative anomaly became taagel occupies the Wadi Touil plain, this can bplaxed
by the presence of thick Cretaceous conductiversafdeocomian). However, the Barremian-Albian anudi#n
complex aquifer presents resistivities between 1@ 200 Ohm.m, and thus it is hard to separate lezt\ieis

aquifer and other deep cretaceous levels.

The AB = 4000 m map shows the deep structure o$tilndy area around 1000 m depth. We observe twinclis
resistivity zones; the western part is charactdribg resistant material, which can be the extensibthe
Jurassic layers. The eastern part is charactebgednductive material, which can be explainedhsythickness

of soft cretaceous material in this region, a tesithe regional dip.

The isoapparent resistivity maps show deep Juramsaterial in the western part of the study area deep,
conductive cretaceous material in the eastern phe.two materials seem separated by structurabdisuities
at different depths. These discontinuities may bemal faults forming a semi-graben, a common tdcton

structure in the Atlas.
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Fig. 8 Isoapparent resistivity maps showing the subsarfgn-electrical structure of the study area.

4.2. Pseudo sections and geoelectrical sections

The pseudo section reflects the apparent resistiNgtribution as a function of electrode spaciegsus (AB/2)
values. The geoelectrical section reflects the teséstivity values in each sounding accordingh® depth (the
section was plotted using the IPI-res3 tool of HRRWIN software). Thus, we join equal resistivitglues to
obtain and map a geological layer. The interpretais according to the resistivity scale and drliogs. The
profiles D, K, M and P were selected for preseatatiegarding their strategic position and path.sEhare the

only four pseudo sections and four geoelectriceti@es presented at this time.

4.2.1. Profile D (Fig.3)

Pseudo section:

This pseudo section shows the presence of two ressigtant zones; the first at the D2 and D3 sowslat an

average depth (200 to 250m), may be due to thenfamdimestone layer buried between these two sogsd
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This local anomaly may indicate the presence of hwomal faults forming a grabben (Fig. 9). The seto
resistant zone at D7 is deep and reflects theofieirassic formations near the Djebel Hachemilare. The

conductive areas are likely the Cretaceous formatio

Geoelectrical section

Our interpretation of true resistivities along theprofile shows monoclinic layers with relativelgrge dips
between D5 and D6. In the southeast, the thickoéshe Cretaceous layers is important to examiheirt
thickness decreases going towards the NW wherdutessic is less deep. The CI aquifer (Barremidrniafk

Aptian) is significant from D1 to D3; the resistigis of these formations range from 134 to 177 @mm.

Pseudo-Section D
SE NW

DI D2 D3 D4 D5 Dé D7

osg

o SRS oo (Ohr.m)
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S s &
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Geoelectric Section D
SE D7 NW
1100/ D3 D4 D5 Dé 1100 m

Miocene Turonian  Cenomanian  Albian Aptian  Barremian Neocomian Jurassic

Fig. 9 D profile pseudo section and geoelectrical section

4.2.2. ProfileK

Pseudo Section

This section shows two different resistivity zonde first is resistant, appears from K7 to K13 agitects the
Jurassic anticline at Djebel Hachemia. The secendonductive, appears from K1 to K6 and reflects th

Cretaceous formations.
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Geoelectrical Section

The geoelectric section shows a shallower Jurassixstratum from K7 to K13 which consist of Jurassic
limestones of the Djebel Hachemia Anticline (Fi@).1The resistivity of this formation ranges fro@31lto 1340
Ohm.m. The CI aquifer is thicker in the southeasiere the lateral changes in resistivity suggesptiesence of

a normal fault between K2 and K3. The CI formatialeng this section are limited to the Albian arafi®@mian

with a reduced thickness and a resistivity randiogh 150 to 430 Ohm.m.

Pseudo-Section K

SE NW
K1 K2 K3 K4 K5 Ké K7 K8 K9 K10 K11 K12 K13 K14 K15 K16

I I oc (Ohm.m)
— Cu oy v A Ao Ao Ao Ao o o
SEIIISTEFSSISSIEESSSES

Geoelectric Section K

K8 K9

00 — K2 .l’/‘KB

e Inferpreted fault
Miccene  Cenomanian Albian Barremian Neocomian Jurassic

Fig.10 K profile pseudo section and geoelectrical section

4.2.3. ProfileM

Pseudo Section

This section is oriented NW-SE. The NW part is tieidy resistant and it reflects a shallower resistiurassic
substratum surmounted by the resistant Barremigr.ldhe SE part presents conductive layers wghicant

thickness. These conductive layers refer to theeta®l aquifer.

Geoelectrical section

The geoelectric section shows a large thicknesheoCl aquifer, especially from the M1 to M7 sourgli. The
thickness becomes moderate after M7 where we gerthe presence of a normal fault. Another faslt i

interpreted between M2 and M3. The presence offthik makes the thickness of the Cenomanian thidz



271  and M1. The geoelectric section also shows a shatldurassic substratum around M11 and M12, andrbes

272 suddenly deeper at M10 (Fig. 11), Therefore, a fauhterpreted between M10 and M11.
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274 Fig. 11 M profile pseudo section and geoelectrical section

275

276 4.2.4. ProfileP

277 Pseudo section

278  The P profile pseudo section is characterized lmyva lateral variability of resistivity values, wdfi is attributed

279  to the relative horizontality of the layers andte relatively uniform thicknesses.

280 Geoelectrical section

281  The geoelectrical section shows the continuouktfdcmation of the Cl aquifer (Fig. 12). The Albiamit is
282  thicker in the SE and becomes less thick from PB#&oTherefore, we interpret a fault between P3RédThe

283 Barremian substratum is relatively resistant, frbhi to 274 Ohm.m.
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285 Fig. 12 P profile pseudo section and geoelectrical section
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287  4.3. Theisodepth and isopach maps of the Albian and Barremian Aquifers

288 Determining the thickness and depth of the Albisd 8arremian layers forming the CI aquifer is ayver
289  important step in understanding their geometry it potential. In each survey in the geoelectréeztions,
290 the depth and thickness of the layer (Albian amdt Barremian) were extracted. Then, isodepth aopgaish

291  maps were produced for the two layers (Fig. 13).

292 The Albian is most shallow in soundings J3, O1,add P7, while it is generally shallower in the hedst and
293 deeper in the southwest (Fig. 13a). The averagthdepb4 m which is a good indication regarding thi#ling

294  cost. The thickness of the Albian is variable frénto 250 m, with an average thickness of 135 m. Miost
295 significant thicknesses are located in soundings321 07, 08, 09 and N11 in the northeast and in@2] B3

296  and B4 in the southwest. The thinner areas arelirki®, N1, N2, O2 and E3 (Fig. 13b).

297  The Barremian aquifer is deeper (average depthn@0and relatively thicker (average thick 173 m)rthihe
298  Albian aquifer. The depth of this aquifer is greatethe northeast (200 to 550 m) and shallowgh&southwest
299 along J, K and L profiles (Fig. 13c). The Barremiarthick in the northeast and thin in the southw&ée

300  greatest thickness is around soundings S2, S3nRRa (Fig. 13d).
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Fig. 13 Isodepth and isopach maps of Albian and Barremguifers. A) Isodepth map of the Albian aquifer. B)

Isopach map of the Albian aquifer. C) Isodepth rohthe Barremian aquifer. D) Isopach map of ther&aian

aquifer.

The combination of depth and thickness is usedeterthine the best aquifer potential zone; thislided zone
must be at medium depth (> 50m) to avoid polluton surface salinity and must be of a good thickries
100m) to ensure a water resource quantity usablthéomedium and long term. Therefore, we useditpth
divided by thickness for the two aquifers to loctite suitable zones of best aquifer geometry. Zémested in
P1, P7, O7 to 09, N9 to N11, J3 and H3 are the prashising Albian zones (Fig. 14). Other zones aso be
good aquifers regarding their large thicknessehpagih they are relatively deeper and may be meperesive
to drill. The promising Barremian zones are locate®3, P3, M9 to M12, K3 to K5 and L2 to L3. Sianrlly,

other promising areas exist deeper and thicker gitbd water resources for which the drilling costh be

more expensive along P, O, R and S profiles.
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Fig. 14 Best aquifer geometry and promising zones.

4.4, Remote sensing

Remote sensing techniques are increasingly useckairth sciences. Remote sensing data, especially
multitemporal, data provide information on changeslergone by the earth's surface. The multispedatd
from Sentinel 2A and LandSat 7 ETM sensors werel usemap the change in irrigated areas from 2001
(LandSat Data) to 2018 (Sentinel 2A Data). The image processing techniques ratioing and PCA were
utilized. These two techniques are widely useddod use change detection purposes. The PCA wdigapp
the six multispectral bands of the LandSat 7 imagd the equivalent bands in the Sentinel 2A imdde

newly obtained bands (components) contain diffeirgiormation where the first three components contaore



326  than 98% of the total information. Therefore, thésee components were selected to display in R@Bem
327 (Fig. 15). The PCA map shows a net increase oftaéiga cover from 2001 to 2018, even though thel1200
328 image was taken in April, which is a rainy periodle study area. The map also shows a concemtratigreen
329 lands on the eastern side of Wadi Touil, which barexplained by the presence of a long fault séipgréhe
330 eastern side from the western side. The presendertfe healthy green vegetation in the easterncparbe
331 explained by the presence of a shallower watercgouithis source presumably feeds the vegetatioingltine
332 dry seasons. In contrary, in the western partgtioendwater source is deeper because of the tmulhdicated
333 by the low vegetation density. The interpreted tfanhy be at the origin of the wadi path and plag thle of
334 underground obstacle for water circulation. Additily, farmlands increase in the study area in 2@b&e of
335 these farmlands are cultivated and appear in dag&ng(irrigated areas). Note that the large watetybn the
336 map is the Zahrez Gharbi Chott, which is a depoessbntaining saline water and cannot play a rol¢he

337 development of irrigated areas right now, unledesalination system is installed.
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L

£
e
)
2
&

B8 LandSat 7ETM| 200
! N i EBRE =
2°0'0"E 2°300"E 2°40°0°E 2"5007E

338 [ Bare soil MMM Farmland [ Irrigated Area [ Sparse vegetation [ |Water bodies @ Soundings

339 Fig. 15 PCA map showing vegetation density and repartitic2001 and 2018.
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The ratioing technique applied to Red and Neamhefil (NIR) bands in both images consists of digdime red
band by the NIR band. Vegetation is identified bg high absorption of electromagnetic energy in regb
domain, and also by the high reflectance in the NéRain. So, by dividing red band by NIR band, vie¢am
very low values on vegetation cover (0.2 to 0.9)jol are well separated from other land covers. aredysis
of the ratio map for both dates and images is tisextsess the evolution of irrigated areas froml2002018.
We observe the repartition of irrigated zones dhiereastern side of the study area. These zon@spoetant in
2018 because of the local development that thisomegxperienced in the last decade (Fig. 16). Taepd
boreholes are located in the western side of thdysarea, which confirms the unequal undergrountemwa

gradient. The traditional wells are located nearTaguine locality where the sources are shallower.

34°50'0°N

34"50'0"N
34°50'0"N

LandSat 7 ETM | 2001
200 2"00"E 'ZG'KJ”E 2°300"E . 2"54'0'E 2°50'0"E —

I Vegetation cover -@-Deep Borehole -4-Well - Borehale = - - - - Interpreted Fault

Fig. 16 Red/NIR Ratios map showing irrigated areas.

4.5, Favorable areasfor drilling

the most suitable zones for drilling are identiffedthe study area following the VES and remotesg®y results

and interpretations. The most important areasHerGl and Jurassic aquifers are presented (Fig.altApugh
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more areas may be favorable for drilling projedtsrfiary, Turonian and Neocomian), but with lowiémited

production potential.
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Fig.17 Suitable areas for drilling.

5. Conclusions

The use of vertical electrical sounding (VES) fooundwater potential zone detection was effectivelized
here in the semi-arid plain of Wadi Touil. The a13#&8 of VES data through geoelectric sections asistivity
maps was used to estimate the aquifers’ depth asammetry. Then according to the lithology and
hydrogeological characteristics, we defined thrgaifars with good water potential. The first aquife the
combined continental intercalary aquifers (AlbiaBarremian), formed mainly by sandstones. The depthis
aquifer is relatively shallow, with an average kimess of 300 m. The second important aquifer isJtirassic
formations of Kimmeridgian, which are mainly limeses with high fracture porosity. Finally, the thaiquifer

is the tertiary, which is less thick and with liedt water production potential, but it is well distited over the
study area. The remote sensing observations werd is independently check the geophysical resujts b
analyzing the repartition of vegetative cover ip #iudy area. We used the remote sensing resuttake the
comparison between irrigated areas in 2001 and,20li8h show a net increase in farming activitghe study

area, leading to an increase in water demandizidtil all results, a map of the most suitable uigjlzones was
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produced. This map provides additional informatitan guide decision makers when implementing new

groundwater use plans.
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Figure captions

Fig. 1 General location map of the Wadi Touil plaiowing the vertical electrical soundings location

Fig. 2 A Geological map of the study area, modifigitier (modified from Cornet (1954)), B: Synthetic

stratigraphic log.

Fig.3 Distribution map of the vertical electricalsmdings and boreholes in the study area.

Fig. 4 Principle of electrical method. Electricalr@nt is injected at A and B electrodes. Differeit potential

is measured between M and N electrodes.

Fig. 5 Calibration of four standard VES surveysgsiour boreholes.

Fig. 6 Synthetic resistivity scale in the studyaare

Fig. 7 Methodological approach.

Fig. 8 Isoapparent resistivity maps showing thesauflace geo-electrical structure of the study area.

Fig. 9 D profile pseudo section and geoelectrieatisn.

Fig.10 K profile pseudo section and geoelectrieatisn.

Fig. 11 M profile pseudo section and geoelectrseattion.

Fig. 12 P profile pseudo section and geoelectgeation.
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Fig. 13 Isodepth and isopach maps of Albian anddBaian aquifers. A) Isodepth map of the Albian &suiB)
Isopach map of the Albian aquifer. C) Isodepth rohthe Barremian aquifer. D) Isopach map of ther&aian

aquifer.

Fig. 14 Best aquifer geometry and promising zones.

Fig. 15 PCA map showing vegetation density andntéjme in 2001 and 2018.

Fig. 16 Red/NIR Ratios map showing irrigated areas.

Fig.17 Suitable areas for drilling.



Highlights

Identification of three potential aquifers from the variation of electric resistivity.
Determination of depth and thickness of the continental intercalary aquifer in the
Wadi Touil Plain.

Contribution to the decision making regarding the favorable sites for drilling
purposes.
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