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Abstract

Arid and semi-arid areas are threatened by desettdn, and thus the degradation due to variousofa,
including drought, of course, but also the expt@taof resources. They are, in fact, already btade of stress
(resources less than 500 per year per capita) with important disorders by climate change. These make
an impact on the hydrological cycle, with longemulyhts and increased flooding. These disorders will
strengthen the already observed degradation ofystas, which are often overexploited. Essaouirelgyal
area is part of the semi-arid areas of Morocco @natsubject to the impact of climatic and humassgures. In
the case of this coastal area, which includes tamraquifers superimposed; the Plio-QuaternaryTamdnian,
the resulting vulnerability is compounded by thekrbf infiltration navy. The Rainfall in the areamet not
exceed 300 mm yearthe average temperature hovers around 20 °Qi¢izemetric map of Essaouira synclinal
basin was made, different water samples have bekecited from October 2009 after exceptional rdinfal
waters are sodium-chloride facies, interpretatibrmineralization indicates power by the Ksob Wadlithe
northeast and increasing levels of chlorides in ¢katral part generated by the Essaouira diapedehid
Excessive levels of nitrates have been identifeedyvell as chlorides after rains of winter 2009e Btectrical
conductivity and concentrations 610 and®H were measured, a local meteoric water line wasrdened
according to the Atlantic origin of precipitation.

However, the water Turonian, characterized by §icant resources, demonstrates a very low chargimgent;

its vulnerability would be more related to humaagsure than changes in climatic conditions.

The Essaouira Basin is more vulnerable to drougitabse its climate is entirely dependent on reeharg
meteoric waters.

Keywords : Basin of Essaouira; Aquifer; Semi-Arid RegionspDght; Hydro-geochemistry; Stable Isotopes;
Recharge.

1. Introduction

Morocco is typically semi-arid country where watesources are likely to change dramatically undber t
influence of climatic fluctuations or human actio(€udennec et al., 2007) These changes may affect
groundwater stocks, rarely rising (Idder et al.02)0) often in significant reduction (Karaouli et,&008), but
also their quality (Karaouli et al., 2008; Bouhlags al., 2008). Apart from a stream aquifer systermnother,
the natural recharge of groundwater is mainly dwevater infiltration wadis at their highest floods. the
Mediterranean region, such a phenomenon is oftgmhizariable in time and space (Lange et al., 1999

The relative scarcity of water resources in theaBaga Basin, their fragility and their uneven dizsition give
rise to a greater risk of shortage that is growdogtinually cope with demographic pressures andgtb&ing
needs of the socio-economic growth. In the Wedthgh Atlas, Essaouira synclinal area is part of Hssaouira
Basin, with an area of 300 km2, bounded by the K¥d¢di in the north, Tidzi Wadi in the south, the
Tidzi Diapir in the East and the Atlantic Oceartlie west (Fig. 1). The present position of the wtaika leads
to a degradation of water quality caused by risgadinity and the threat of seawater intrusion dae t
overexploitation of groundwater.

The prevailing climate is semi-arid with highly ialle rainfall averaging 300 mm/year, However thaual
rainfall varies from 100-630 mm (Fig. 2a) and pp#eition of rain within one year shows two seasaing,from
April to September and wet from November to Mar€ly(2b). The average temperature varies betweeén0
and 21 ° C, the difference between the coldest m@rdanuary) and warmest month (August) can reach@7
(Bahir, 2001).

2. Hydrogeology of the study area

In geological terms, the Essaouira synclinal zaness rugged, with a lower relief (Fig. 3), chéegazed by low
hills and shaped by a sparse water system. The(iaernary and Turonian are the main reservoirs of
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groundwater in the Essaouira Basin. The Plio-Quatgr with a matrix of sandstone or limestone nedane
has a hydraulic conductivity primary porosity ammhtains a large free surface whose wall is formedhe
synclinal structure, by the Senonian marls, flayleel ante-Pliocene shows that the Plio-Quaternanybeain
direct contact with the Triassic and Cretaceousmiévels (Laz, 1959; SCP, 1959).

It is operated in rural areas and provides drinkiveger, domestic needs and a lesser extent irrigabaland
(Bahir et al., 2000). The Turonian, contains a tayeickly captivated by the Senonian marls in thecinal
structure and probably in direct contact with thedene-Quaternary on the edges of this structoiriaeé north
to Ksob Wadi, the West's approach of Essaouirairdigden in the east and south near the Tidziidiap

The Mesozoic age of the growth of the Tidzi stroetis based on (Fig. 1) an unconformity separafingssic
from Portlandian (i.e., uppermost Jurassic) stratsignificant increase in the thickness of the eo@retaceous
from the eastern to the western side of the Tidtichne (Fig. 3) and, the sedimentary wedges egfdadong the
N-S trending flanks of the structures (Fig. 4).

The unconformity at the base of the Portlandiawea#i exposed along the foot of the relief formiing teastern
side of the Tidzi structure (Fig. 4) and is form®dan erosional surface separating sub-verticaskit layers
from Lower Cretaceous strata, which dip by 40 —t80the E. The base of Lower Cretaceous layersieiglly
parallel to the unconformity surface, showing ttte relief formed during pre-Late Jurassic foldhmd been
effectively peneplained and that the entire arggeggnced regional subsidence during the EarlyaCestus (Fig.
4 a).

Notwithstanding the poor constraints on the inisi@lges of the Tidzi structure, anticlinal foldiwgs ongoing in
the Late Cretaceous causing the formation of thdl-kmewn sedimentary wedges seen along sections
perpendicular to the fold (Fig.4). The growth ofetfidzi anticline took place during generalizedndo
wavelength subsidence (Fig. 5b), affecting therenggion W of the Old Marrakech Massif and allogviior
continuous sedimentation.

The Tidzi diapir oriented NNE-SSW (20 km) from teob Wadi until the Tidzi Wadi where he takes astea
west direction and anticline Triassic heart of Bswa in the West masked by recoveries Plio-Quatgr(Fig.
6) and identified by geophysical structures. Thisr@also an intense fracturing with a general dioeciN10
cutting Cretaceous carbonate formations.

The aquifer is made of dolomitic limestone affectgda Fracturing N 110 °, the same direction asfdudt
detected by geophysics along the Ksob Wadi (Fel®B3). The wall of this layer is constituted by the
Cenomanian marls are representative of the stuety ar

3. Piezometer

The companion measure of the groundwater levet@®liaternary conducted in October 2009 allowed usdp
the potentiometric (Fig. 8) established for alldlsvcombined to show that the general directiowater flow
takes place in South-East to North-West, imposedhleyinclination of the bedrock. In the downstredheg
waters diverge to circumvent the Essaouira an@dfiilden oriented NE-SW. This over, we note theterice of
a line of watershed with a SE-NW direction anduefices the direction of flow of water. The grountbrvas
then separated in two compartments, the first inttNstreamlines directed in a manner identicaht dverall
flow, the second in the South, with lines of flowedted from East to West. The lake is located nepsh to 140
m and 10 m downstream.

The hydraulic gradient showed variations inducedhgy pelvic structures and lithology of the resarvo the
upstream part of the study area, the gradientlédively large, about 2% due to the steepness efwhll the
aquifer on the rising Tidzi diapir. At the centiis gradient decreases seven-fold to reach a wdl0e%. In the
Downstream, the hydraulic gradient increases agaiaach an average of 2%. Differential gauging engigking
the hydrological cycle 1990-1991 and confirmed 002is used to estimate flows infiltrated from tkesob
Wadi to the Plio-Quaternary aquifer at a rate of. 42 (Fekri, 1993).

The passage of this river in the gorge where therian flow would also result in losses of 64 1.the benefit
of the Turonian aquifer. The year 2008-2009 is daie a wet year par excellence, following heavyfadli as
experienced Morocco, something that appear to gdeosirecovery of groundwater level in the Plio-@uadry
aquifer.

The Agency Tensift basin hydraulics has a netwdisuoveillence to study the problem of groundwaeamharge
of aquifers Turonian and Plio-Quaternary of thedéssdra basin (Fig. 16).

Piezometers 430/51 and 428/51 for the Plio-Quatgraquifer and piezometer 093/51 for the Turoniguifer
shows a continuous descent and inexorable duriagyttars 2007 to 2010, reflecting the impact of atien
change and overexploitation of water resources.IF)g This poses a problem for the management ¢érwa
resources in the future. the public authorities feeesource depletion and imbalances hydrocheraigauality
degradation as a result of exploitation rates stiiported to meet the demand for increasingly ntapb

4. Hydrochemistry

The study of the chemistry of water is to identifig chemical facies of waters, their qualities pothbility, as
well as their suitability for irrigation. It cansa track the spatial evolution of physicochemicalgmeters and
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estimate their origin, correlating with the geologyd groundwater level. Almost all points of theuider are
intended to supply drinking water and more modesttie irrigation of farmland. To be used, the watrist
meet certain standards that vary depending onyfie df use. This study is based on physico-cheraigalysis
of samples taken from the entire basin in Octol&92Fig. 9).

The temperature, electrical conductivity and watkr were measured in the field (Tab. 1). In the tabary,
analysis focused on the chemical major anions (G, SO and NG and cations (Cd, Mg®*, Na*and K
). The results of major element chemistry laboiarconducted by the National Office of Potable &Vat
(ONEP) and the Office of Regional Development inriégjitural Value Haouz Marrakech (ORMVAH) are
presented in (Tab. 2).

4.1 Groundwater Plio-Quaternary

The groundwater Plio-Quaternary is characterizedth®ir hydrochemical variability. Indeed, the resbedl
conductivity varies from 770 ms ¢hto more than 3,500 ms ¢nfFig. 10), with an average of 2,000 mstm
Even with this variability, the waters of the growvater are grouped in one family and are charaetdrby the
sodium-chloride facies (Fig. 11, 12). The analysismaps of the spatial distribution of sodium (FiB),
chlorides (Fig. 14) and electrical conductivity shihat there is a good correlation between the epmations of
chloride and sodium and that the distribution @stntwo factors correlate well with the electricahductivity.
Examination of the spatial distribution map of nialeation of water (Fig. 10) shows some chemicaiation
mainly due to the lithological nature of land credsin the northeast to south of Ksob Wadi, we Hhedowest
electrical conductivity, they increase fairly stidydo the southwest, with a maximum near the Essacdiapir
hidden in the Southwest. Beyond this structure h® morthwest, the observed electrical conductwitiee
lowered.
The Map of sodium and chloride confirms this eviolut they found a feeding area by the loss of thetkWadi
in the northeast with moderate levels of chloridd aodium, these levels increase approximatellyerdtrection
of flow until the area where Plio-Quaternary aquilies directly on the land evaporitic of Essaouitiaper
hidden. As the mineralization of sodium and chleraf water obtained from a contact with the grodettital
aquifer Plio-Quaternary elements torn from the Jsia of landforms and this is a function of time
Living, Moreover, in direct contact with the evaperof Essaouira diaper hidden. The Chlorides ¢ateewell
with sodium, suggesting a common origin of bothredats by dissolution of halite, and the effect @ spray
aerosols and leached by rain seeping into the exquibr nitrate (Fig. 15), the minimum contents saged to
the limits of the Ksob Wadi for the remainder oé tstudy area, there is an increase in these lévwhrds the
southwest, the distribution of nitrate shows alse tontribution of the Ksob Wadi in the mineraliaat of
groundwater by dilution near this river.
The main source of nitrates is associated withiticahl withdrawal methods that make a significpottion of
water flowing around the well, is quasi-permanenblp which are enriched nitrate by cattle dung retyri
watering. Also, indoor air pollution from septicssgms and septic loss, lack of protection of welthehe lack
of prevention and environmental programs for thpypation seriously threatens groundwater resouaoesled
to poor quality supply water (Galego et al., 2005).
Measurements of nitrate were performed with a tiqghiromatograph and complemented by those of otlagor
elements (C4, Mg2', Na', CI", HCO”, CO;%), determined by spectrophotometry and by volume.
The presence in some wells, excessive nitrate odrat®ns is an indication of pollution, and theref a risk to
the health of infants (less than 6 months). It canse circulatory disorders: Methemoglobinemialdue baby
syndrome" (Rajagopal and Graham, 1989), as it easecancer of the stomach (Chakrawaty, 1989 tay&b
el seddig, 1993). Nitrates can also cause hypeoersnd are the precursors of carcinogenic nitrasas
(Magee and Barnes, 1956; Castany, 1982).
Pollution of groundwater by nitrates may have salerigins (Faillat, 1986):

- Solution heat from rocks;

- Meteoric;

- Contributions by the soil and plants;

- Fertilizers;

- Contributions by indoor pollutants.
In the case of the coastal area of Essaouiraaitddctor seems to be the accused (Table. 2) 1b)g.
Regarding safe drinking water and those using #t®mal standards of the Directorate General fotétave
note that the waters of the syncline of Essaouieanaedium to poor quality according to the ovenalheral
content, electrical conductivity and chloride cartteDepending on the concentration of nitratesy thee
moderate to poor for 70% of wells surveyed and &x#eed the WHO standard of 50 rig |
4.2 Groundwater Turonian

The small number of water points serving the waigmonian, because of its depth and the high costatjion
that demand remains a pickled in understandingtbperties of this aquifer. The waters of the Timarshow
homogeneous electrical conductivity with a minimwalue of 145005 cm’ recorded in wells B6 and a
maximum value of 23405 cm’ at the point (B21) (Tab. 1). The groundwater Tisarhave the same chemical
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profile chloride-sodium like that the Plio-Quatemavater (Fig. 8, 9) and it is difficult to distingsh them only
by their mineralization, from shallow or moderatetyneralized Plio-Quaternary. The two points stddiB12 =
390-51) and (B14 = 346-51) are the property ofNla¢ional Office of Potable Water (ONEP) and arermated
for the city of Essaouira and around town, showiog levels of nitrate (8.06 mg'). In contrast, higher
concentrations of chloride and sodium, respectivéh®.5 mg T and 184.23 mg for item 390-51 and 270.51
mg I and 149.96 for item 346-51 (Tab. 2). From the pofrview of the cleanliness, the levels of chleriand
sodium wholes points of the Turonian aquifer excéled recommendations made by the World Health
Organization (WHO). For cons, nitrate levels rema@il below this standard.

In summary, the degradation of the quality of thatew resources in the Essaouira Basin and espethe!
groundwater pollution by nitrates demonstrate thimerability of the studied aquifer, and makes ndifécult
the water supply with acceptable quality, partidylas the population of the region has only thigev for daily
consumption

5. Vulnerability and Impact of Climate Change

Natural scarcity of water resources around Meditean basin is accentuated by increasing humarsneed
specially in Northern Africa where annual water ilglity ranges between 500 and 1 000 of cubicereper
inhabitants.

The salinity of the water has been studied inteigiin recent decades, particularly in coastal &gsj driven by
scientific interest as well as social relevancel tinis related to the quality of water resourcesciviis an issue
more important because of the issue of rechargedentries in arid and semi-arid areas.

Due to the population growth and climate changedicey long periods of drought) in the world, mayetries
have intensively increased their use of water ssufor supplying potable water to population and tfeeir
agricultural (irrigation) and industrial developnieDue to the scarcity of surface waters, peopf@aixmainly
underground water reservoirs. Hence, it is necgdseastudy and characterize these water resertmmsoid any
excess exploitation.

The analysis of changes in temperature and temparalbility in rainfall, has been made in receataldes for
several stations by the Directorate of MeteorolofijMorocco. It highlights a rise in average tempera of
about 2 ° C and a very significant decline of apjprately 29% of the total rainfall during 1978-204@mpared
to the period 1961-1977. The 1994-1995 seasonheadrtest of the last century in Morocco.

A review of years of drought in Morocco during ttveentieth century reveals a higher frequency arehtgr
spatial extension of drought between 1982 and 2818tal of seven episodes of drought in Moroccartythis
period as against 11 in the last century.

Overall, the average annual flow of rainfall in ttesritory is estimated at 150 billion*mvery unevenly
distributed across regions. And 15% of the regexneives more than 50% of rainfall input.

If we deduct the losses by evaporation and flowariftrol of the sea, the water potential mobilizedhie current
economic conditions and technology is estimate2Dabillion m3, of which 16 billion from surface veatand 4
billion in groundwater.

These 20 billion m3 are distributed unequally amenliarge basins in Morocco including Essaouira Basi

The relative scarcity of water resources in theaBssa Basin, their fragility and their uneven disition give
rise to a greater risk of shortage that is growdongtinually cope with demographic pressures andgtb&ing
needs of the socio-economic growth. In the Wedthgh Atlas, Essaouira synclinal area is part of Hssaouira
Basin, with an area of 300 Knbounded by the Ksob Wadi in the north, Tidzi Waxdthe south, the Tidzi Diapir
in the East and the Atlantic Ocean to the west.

6. Isotopic Composition

In these conditions and to understand better thetiioning of these aquifers and therefore despite t
contribution of geological studies carried out he tbasin, a combined approach between the methibds o
hydrodynamic and isotope geochemistry has beewweli for many years. It is identified the origin of
groundwater and to locate areas of natural rechangethe links between groundwater (seepage exekang
contribution to explaining the origin of the minkzation, especially in sectors the saltier.

In the Essaouira Basin, the hydrodynamic behavmstrongly influenced by runoff (Chkir et al., Z)0In this
context, stable isotopes are a tool performs terd@he the origin and history of water rechargeasrand
relations between the layers. Analyses were peddrrat the Technological Institute of Lisbon Sacavem
Department of Environmental and Analytical Cheryistr the context of the Integrated Action betweba t
universities of Lisbon and Marrakesh and fundedtjgi the results of these tests are grouped iheTab

In the Essaouira Basin, the isotope content of mat®-Quaternary is between -3.72 and -4.56 %oV
SMOW. These waters are the cloth Turonian betwdelv-and -4.55 %o v§1**0 SMOW (Fig 18, Fig 19).

The correlation diagram for deuterium vs. oxygenaEer in the basin of Essaouira can define a loegkoric
right equation: d = 7.72H %0 + 10.53 (n = 15, R= 0.82) bit different from the global meteoric ea{GMWL)
slope 8 with a deuterium excess around e location of water points for the Plio-Quategnaquifer, often
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near the Ksob wadi is consistent with a recentrapcharge. It characterizes the precipitationoafamic origin;
the equation of this line was calculated witholdirtg into account the three water points 390-522-37 and
Ksob wadi identified as evaporated because theplaoed below right meteoric (Fig. 18).

The point marked by 272-51 evaporation Plio-Quaterraquifer and is in close proximity to the rivedich
confirms the power of the water in the Ksob wadeatly highlighted in a quarter North-eastern seofahe
aquifer piezometer. Well 390-51, which captures Theonian aquifer, it is position on the diagrafi©
deuterium indicates complementary evaporated weten the river for part of the low water. The otheater
analyzed aligned right meteoric which means thatpbwer of the two aquifers, and especially of Theonian
aquifer is rapid evaporation without significantié exclude the point 390-51.

Tritium analysis was performed for thirteen wateinps supplied by the different aquifers of the d&gsra
coastal zone. Data obtained are shown in TablaiBum values vary from a minimum value smallernha8
UT and a maximum value of 4.2 UT. We notice fromutes shown in Table 4 that recent waters of thea&gira
coastal zone present tritium concentrations coragrizetween 2 and 4 UT. It is notably the case 88537/51,
327/51 and 386/51 water points, confirmed by higHer activities for some of them. Water having tritium
concentrations smaller or equal to 2 UT are comsiti@s being ancient such as those belonging t@1Hsl,
M98/51, 218/51, 361/51, 380/51, 390/5 and Ain Adbbaoints™‘C was analysed in some of these waters to
confirm or show up the weakness of this hypotheBigium was analysed in May 2004 in water samples
belonging to water points supplied by the main fgsiused for supplying potable water to the Essaaity
(Table 6). Measurements were realised at the Sachnsitute of Technology of Lisbon (Portugal). fitrim
concentration varies between a minimum value smtiken 1.1UT and a maximum value of 4.2.UT (Fig.20)
is to be noticed that recent waters of Essaouiesteb zone show tritium concentrations larger thauT. It is
the case of water points 272/51 and 386/51 callield lou Gourd drillings and the aerodrome drillingick
supply water respectively to Essaouira and Idd&ourd in agreement with results obtained in 199&nT one
can say that the 2004 campaign has definitivelyioord the recent recharge of these water pointsth® other
hand, waters showing tritium concentrations smaileequal to 2 UT are considered as ancient, sachager
points 261/51, 390/51, 6/51 and M98. The Turonignifar supplying 50% of potable water to the citly o
Essaouira, notably drillings of more than 300 mtldg346/51 and 390/51), and the 6/51 source shibiwnir
concentrations smaller or equal to 2UT (Bahir, 20@ne can conclude from data obtained for tritifion,the
2004 campaign, that the recharge is low or nontiegisfor drillings performed in the Pliocene-Quatary
aquifer, notably the 261/51 one which suppliesditeof Essaouira with a flow rate of 6l/s. Thiscisrroborated
by its portion from the Ksob river, which whenimig supplies the neighbouring water points. THe
radioisotope was utilized for dating ancient waterth very low tritium concentrations.To assesgiahi1l4C
activities of underground waters of the coastalezof Essaouira many models were tested (Tableh&3da
different models may take into account of ti@ chemical dilution, isotopic exchanges and isatapixtures
with isotopic exchange. From the analysis of datargin Table 5, 6 and 7 one can deduce that:

Two water points among those studied presentingifignt tritium concentrations andC percentage larger
than 85% should be considered as recent. Among ttves water points one can notice well number 65/51
situated near the Ksob river which supplies potatdéer to the Essaouira city with a flow rate 6 §5% of
the total water supply). This well, supplied by tueonian aquifer, shows dfO concentration of -4.58%o.
This value is intermediate between the isotopicceatration of -48%. for the Pliocene-Quaternary waters and
that of the Turonian ones which is ofd%, indicating a drainage of the Pliocene-Quaterrequifer. The
second water point consists of the 386/51 drillimypounded by the Turonian aquifer waters and supgl
potables waters to the aerodrome of EssaouiraM3&drilling which has no detectable tritium ands e ‘C
concentration of 80%, has been supplied beforel #%2-1963 nuclear tests and its radiocarbon age dot
exceed some hundred years independently of the elmatdized. The 390/51 drilling impounded by the
Turonian aquifer waters, supplies the Essaouisawith a flow rate 60 I/s representing 50% of thatev needs.
This drilling has a radiocarbon age of about 6568ary according to the IAEA model, a little lowert Istill
always of several thousand years according to tther anodels. This means that there exist very ahei@ters
people are surexploiting. This could present a dblkack of water to supply the Essaouira city. T389/51
drilling impounded by the Turonian aquifer whiclpplies potable water to the Si Ahmad ou Hmad tos@00
inhabitants), is also overexploited. It has a radibon age greater than 20,000 years independsfrithe model
utilized indicating a low recovering rate of therdnian aquifer. The preseHiC activity (around 70%) of the
Aghbalou source impounded by the Barremian-Aptignifar which supplies water to a population of QD)
inhabitants and their livestock with a flow rate 30l/s. This water source presents a tritium cotraéion
smaller than 2 UT. Its supplying was then before tlaclear tests and its radiocarbon age is of sbhmgsand
years, independently of the model utilized. Theulytene source, impounded by the Portlandian -iglarr
aquifer with a flow rate of 0.5l/s, shows“€ activity around 70% and a tritium concentratiomaler than 2UT.
Its supplying was then previous to the nucleastast its radiocarbon age is of some hundred years.
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Conclusion
Geochemical and isotopic approach the waters ofgtbeindwater in the plain Essaouira showed theeclos
relation-wadi water is the main source of groundwatcharge. The diagnosis of the condition of fegsii
vulnerability face the stress of anthropogenic gwess and climate. On the one hand, the mineralizand
concentrations of chloride in the Plio-Quaternagyiter has to have the power by the Ksob Wadi aedtle of
Essaouira diapir hidden in the increase of minea#ithn chloride waters in the central part. As éxeessive
levels of nitrates following heavy rainfall in theear 2008-2009, accompanied by elevated chloridesing
degradation of water quality in the region and hgitts the vulnerability of abstraction. On the etthand, the
inventory levels of stable isotopes of two aquifees to differentiate where the water of the Plisa@rnary
shows charging current but is threatened by seawsteision due to overexploitation of resourceswdver,
the water Turonian, characterized by significargoteces, demonstrates a very low charging curriést;
vulnerability would be more related to human presghan changes in climatic conditions. The devalept of
a rational exploitation strategy may therefore hlielpnhance water while protecting its long-terrtepaal.
Faced with this scenario announcing a rise inelgtpboblem, an alternative scenario is possibleetiaon the
implementation of proactive policies:
« Economical use of water through the implementatdd management tools for water demand: technical,
economic, regulatory and social.
« Increase the exploitable potential through bettenservation of soil and water and increased udse o
artificial recharge of Plio-Quaternary and Turontarpromote infiltration and storage in the aeratede of
soil and thus reduce evaporation losses.
* As the use of unconventional resources such aslidated seawater for drinking water or treated
wastewater for agriculture must be currently comstd as a priority in order to avoid triggering shges
of water.
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Tab. 1 Results of the campaign in October 2009 from thestal area of Essaouira; aquifers Plio-QuateraadyTuronian.

Sample X (km) Y (Km) Z (m) ?‘n‘]';/SOI H (m) FFI) E:lfg/l%) T°C pH Aquifer
\Efvl;*i(s"b 855 105,62 22 22 2440 20 7,37  wadi
B2=149-51 851 1058 40 37,2 2,8 333 3160 22 6,7 lio-Quat
B3=138-51 87,85 92,83 109 5 104 26 3520 21 7,31 o-®liat
B4=M33 91,15 102,3 78 29 49 2040 20 7,41 Plio-Quat
B5 90,29 102,26 102 48 54 56 2249 19 74  Plio-Quat
B6 91,43 102,44 79 22 57 110 1450 21 71  Turonian
B7 95,15 104,49 97 27,8 692 38 770 20 7,25 PliaQu
B8=93-51 92,37 101,9 08 44 54 28,7 21 Plio-Quat
B9 93,41 102,68 114 47 67 50 1763 19 741 Plio-Quat
B10=M61 91,2 100,75 90 34 56 40 1720 23 75 PliaQu
B11=103-51 94,82 102,17 99 22,5 76,5 265 1671 21 3 7 Plio-Quat
B12=390-51 96,81 100,93 111 111 1947 23 7,39 riam
B13=272-51 97,17 100,76 105,5 1055 384 2180 20 ,15 7 Plio-Quat
B14=346-51 97,27  100,7 105 105 1969 27 7,7 Tamon
B16=133-51 87,8 98,8 70 38 32 40 2550 22 724 Gliat
B17=15-51 86 97,97 70 7 63 88 3070 155 7.1 PlaQ
B18=3-51 81,4 934 18 4 14 11 2130 19 744 PliotQua
B19=M66 905 955 110 61 49 1911 235 7,55 Tumnia
B20=21-51 89,4 914 89,6 28 61,6 30 3780 20 7 Qliat
B21=380-51 89,35 91,8 135 102 33 184 2340 25  7,69urorfian
B22=327-51 88,8 88,8 130 24 106 50 2850 215 7,3 io-Quat
B23=363-51 89,75 88,2 150 150 228 2150 24 72 &
B39 84,98 111,08 23 5 18 6 3060 23 7,28 Plio-Quat
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Tab. 2 Chemical analysis of groundwater; aquifers Pliat@mary and Turonian.

Sample HCG cr NOsy so* ca* Mg** Na' K* Aquifer
B1= Ksob wadi 146,4 475,7 31 128,64 40 38,64 266,8 5,46 Wadi
B3=138-51 109,8 766,8 89,28 124,8 38 4596 438,15 0,531  Plio-Quat
B4=M33 207,4 347,9 45,26 104,64 40 30,24 221,95 6513, Plio-Quat
B5 176,9 390,5 0,62 102,72 42 39,84 207,69 10,53 io-@uiat
B7 67,1 74,55 100,4 27,36 30 2412 368 3,12 PliatQ
B9 219,6 241,4 10,54 121,44 44 35,04 138,69 4,68 io-Quat
B10=M61 195,2 255,6 13,64 119,52 46 41,04 127,42 465, Plio-Quat
B11=103-51 176,9 217,97 6,82 111,84 38 31,44 135,7 4,68 Plio-Quat
B12=390-51 183 3195 8,06 111,84 34 35,04 184,23 294, Turonian
B13=272-51 189,1 355 27,28 129,6 42 38,64 212,98 294, Plio-Quat
B14=346-51 195,2 27051 8,06 104,64 38 3504  149,965,07 Turonian
B16=133-51 146,4 442,33 50,84 96 40 42,36 236,44 9 3, Plio-Quat
B18=3-51 195,2 34435 199 44,64 34 30,24 25438 558 Plio-Quat
B19=M66 219,6 264,12 0,62 176,16 34 37,44 167,21 ,3®5 Turonian
B21=380-51 2318 42032 0 133,92 38 30,24 286,35 ,2115 Turonian
B39 207,4 372,75  168,6 168,48 66 59,28 219,42 19,5 Plio-Quat
Tab. 3. Piezometric measurement results realized in JgriH0
Site N°IRE X y Date of Measurement  N.P Jan 2010 PHO2 Dissolves T °C conductivity (us/cm)
Sidi Mokhtar 1601/52 154000 117000  18/01/2010 53,1 87 695 231 1310
Sidi Mokhtar2 1602/52 156200 117200  18/01/2010 £2,2 874 73 235 1160
Sidi Mokhtarl 1603/52 153400 114500  18/01/2010 81,0 876 746 233 1320
,\SﬂigL a m’\é'gkhtar Sl 095/52 157560 104300  18/01/2010 28,93 893 63 23,8340
0d.Bou.Shaa 2096/52 157000 100000  18/01/2010 41,94 904 624 25 1470
iizdoiuz'\""khtar ouled 5097/52 154450 109250  18/01/2010 23,54 889 625 9 24 1420
'[‘)’guar_Bouzimgug“erd 0093/51 92375 101875  27/01/2010 29,6 835 6238 19,3190
Ida Ouguerd 0428/51 93650 101500  27/01/2010 50,12 5 8604 204 990
Adamna 0430/51 93300 104950  28/01/2010 15,63 9,088 5 196 2130
Meskala 1126/52 118700 99100  22/01/2010 73,35 - - 2,682 1250
Meskala 1166/52 116150 82900  22/01/2010 7,17 887 6 21,8 1140
Kourimat 2 1726/52 132650 101000  26/01/2010 39,7 588, 58,8 19,7 700
Kourimat 1 1727/52 129000 102350  26/01/2010 26,27 588 62,1 20 890
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Sample X Y %0 (°/-.) d’H Aquifer
B2=149-51 85,1 105,8 -3.79 -19.2 Plio-Quat
386-51 92 98,65 -4.17 -22.2 Turonian
M98 89 100 -4.56 -24.2 Plio-Quat
B17=15-51 86 97 -3.87 -19.3 Plio-Quat
11-51 80,45 96,45 -3.50 -14.9 Plio-Quat
B20=21-51 89,4 91,4 -4.51 -26.2 Plio-Quat
B21=380-51 89,35 91,8 -4.56 -23.6 Plio-Quat
B23=363-51 89,75 88,2 -4.55 -26.8 Turonian
B22=327-51 88,8 88,8 -4.11 -21.3 Plio-Quat
27-51 95,5 91,3 -4.55 -22.9 Plio-Quat
M24 95 91,5 -4.34 -23.5 Plio-Quat
28-51 97,2 91,8 -4.50 -22.7 Plio-Quat
148-51 85,7 102,05 -3.82 -20.7 Plio-Quat
Ksob Wadi 86 106 -3.57 -19.0 Plio-Quat
93-51 92,37 101,9 -4.33 -22.3 Plio-Quat
B12=390-51 97 100 -4.37 -25.8 Turonian
B13=272-51 97,17 100,76 -3.72 -20.3 Plio-Quat
B14=346-51 97,25 100,7 -4.17 -21.4 Turonian

of the coastal zone of Essaouira.

Tab. 3 Contents of stable isotop&© and?H of the waters of Essaouira synclinal (campaignaibber 2006)

Table.4. Data obtained for the physical parameters aniisatope concentrations for the underground waters

. X v . . Depth T Alc. °H “c c
Simple Nature  Origin Altitude (m) °C) pH (méq/l) (UT) pem oo
272/51 9717 100,76 Well  Plio-Quat 1055 384  20,8,65 3.3 39
21/51 8940 91,40 Wel  PloQuat 135 29 217 7138 2 2
327/51 88,80 8880 Wel  PloQuat 130 222 723034 32
65/51 87,70 10560 Well  Turon 15 203 225 748 446 28 9. 98
390/51 97,00 100  Driling Turon 95 200 26,7 735 94, 2 0. 94
386/51 92,00 98,65  Driling Turon 105 100 232  7,564,26 a2 WS,
380/51 89,35 91,80  Driling Turon 135 194 261 7,54,67 1 s 90
M98 89,00 100  Driling Bar-Apt 90 100 22 759 355 11 0. 93
AAghbalou 11,51 111  Driling Bar-Apt 80 231 75 358 1 = o
216/51 100,65 96,00 Source  Por-Ber 160 231 7,2853 1
218/51 8255 6825 Source Por-Ber 308 225 729244 1 . 99
361/51 8645 70,30  Driling Lias 382 90 235 7,022 4% 2
203/51 7890 6435  Driling Callov 14 50 227 7,114,26 3.8
346/51 97,27 100,70  Driling  Turonien 105 51
363/51 89,75 88,20 Drilling  Turonien 150 21,

149/51 85,10 105,80 Driling  Turonien 40 20,
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Fig. 1 Geological map (adapted from geological map ofdtop 1 / 1000000. 1985). A-B represents the cross-
section location of Fig. 4.
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Fig. 2 Precipitation (a) annual values and (b) monthly mealues at Essaouira
Station (1990-91 to 2008-09).
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Fig. 3. Map of the Tidzi anticline. Representative stratfgtic columns for the western and eastern siddseof
structure are shown in the insets, after the 10@Mgeological map of Morocco (Tamanar sheet)
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Fig. 4 Syn-sedimentary wedges along the N-S trendindc$lani the Tidzi anticline.
SeeFig.3 for location.
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Fig. 5 Evolutionary scheme of the Tidzi anticline in prégihe times
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Fig. 6 Geological section of the syncline of EssaouireigiAFekri 1993, modified). For location, see Fig.
section AB.

Fig. 7 Map showing the water points of the Essaouirarbasi
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Fig. 9 Distribution of sampled water points in the studgaa
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Fig. 10 Spatial distribution of Electrical Conductivity the Essaouira Basin.
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Fig. 11Piper diagram of Plio-Quaternary water and Turomater.

43



Journal of Resources Development and ManagemenAn Open Access International Journal
Vol.3 2014

Ca Mg NatK Cl  SO4 HCOBZ+CO3 NO3 i
meg/l mgll  mg/l mg/lL  mglL  mg/L mg/l  mg/L  meqg/L Schoeller

2000 16000 +6000 | g Berkaloff

1% 3000 1 4000

r 1000

T —B3
r =——B9
| =—B13
| —B18
r =—B12

—Bl14

—+01

Fig. 12 Facies chemical wastewater Plio-Quaternary (B3,B88 B13et) and Turonian (B12 and B14).
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Fig. 13 Spatial distribution of sodium in the Essaouirgig. 14 Spatial distribution of in the Essaouira Basin

Basin Syncline. Syncline.
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Fig. 15Spatial distribution of nitrates in the EssaouiasiB® Syncline.

Fig. 16.Location of stations piezometric measurements theebasin of Essaouira.
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Fig. 18 Spatial distribution of oxygen 18 in the Essaoliesin Syncline.
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Fig. 19 Spatial distribution of Deuterium in the EssaoWBesin Syncline.
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Fig. 20 Spatial distribution of tritium analysis.
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