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Abstract. The basin of Maider is limited northly by the vast ensemble 
Oriental Saghro-Ougnate, from the east by the Tafilalet plain, from the 
west by the oriental Jbel Bani, finally from the south and south-east by the 
Cretaceous Hamada of Kern-Kem. During last decades, groundwater in the 
basin of Maider, is confronting degradation in both cases: Quantitative and 
qualitative, as a result of the drought, the overexploitation and the 
salinization. The aim of this action research is to understand the current 
state of water resources in the area of stady. At the end of this work, we 
can get the following conclusions: the general flow of the ordovician 
aquifer is always directed from the north to the south-east of the basin by 
following the principal axes of the wadis:Taghbalt ,Hssiya and Fezzou. 
The recharge of the aquifer is primarily done, either by the underground 
flow, or by the surface runoff of torrential waters from the upstream of Jbel 
Saghro. The piezometric anomaly noticed at the level of Ait Saàdane, 
explained by overexploitation linked to the needs of irrigation water. The 
physicochemical approach for the Maider basin identifies two essential 
factors of the salinisation of groundwater: the dissolution of the aquifer 
which is rich in minerals with high temperature on the one hand, and the 
decrease of the piezometric surface due to the overexploitation and drought 
on the other hand.                                                                           
Key words: Maider, groundwater, drought, overexploitation, salinization, 
flux, physicochemical. 
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1 Introduction: 
In Morocco, particularly in the anti-atlas domain, water is one of the major problems 

because it represents a limiting factor key to sustainable development, as it improves the 

quality of life and peace, bearing hard circumstances as arid climate and lack of 

groundwater reserves.  

During last decades, the groundwater in the Maider basin object of this study is 

increasingly exploited as a result of sharp increase of water needs, (traditional irrigation), 

of drought and of the climate semi-desert characterizing this region.  within this framework, 

a good understanding of the functioning of the aquifers of the study area and the use of an 

appropriate management of water resources, are needed.  

The quality of groundwater in the basin, which is moreover degraded, is a true 

challenge not less important than the scarcity of this vital resource.   

This action research, is to apprehend the hydrogeological operation of the Paleozoic 

aquifer relating the basin Maider in function of the piezometric characteristics, 

hydrodynamic and hydrochemical of environment; special attention to the knowledge of the 

water of the Ordovician sandstone which can be a perennial resource of water in the basin. 

This approach is carried out thanks to an inventory of water points comprising a 

hundred of boreholes and wells located in the basin, through measurement of the 

piézométrie, physico-chemical parameters and the call to the hydrodynamic data points of 

water during the pumping test. 

 

2 Description of the area of study: 
 
The area of study as a whole located in the Anti-Atlas, constitutes at the same time southern 

part and eastern part of this area; it is limited northly by the broad set Saghro oriental-

Ougnate, from east by the plain of the Tafilalt, and from the west by the Jbel Bani oriental, 

finally from the south and south-east by the Cretaceous Hamada of Kern-Kem [1]. 

On this watershed, precipitations are very low, the average annual rainfall observed 

at the meteorological stations of Tazarine and Alnif, on the period 1982-2007, is 

respectively of 93 mm and 86mm; most of the rain (>50 %) is concentrated 

between October and February, these precipitations vary from 200 mm on Jbel Saghro to 

87,5mm on the plains of Nkoub and Alnif, and achieved less than 50mm on the plain of the 

Maider basin. The topography of the basin is varied, with altitudes between 2692 m to the 

upstream (NNW) and 613 m in the outlet (Daya-el- Maïder SE). The socio-economic 

activity, in the basin of Maider where the inhabitants number is  418450 (according to the 

 

general census of Morocco in 2014) is essentially agricultural 

and pastoral [1] nevertheless the mining activity occupies economic importance in 

the region [2]. The density of the population close to 34 hab/km2, knows an annual growth 

of 0.58 % for the period (2004-2014).  

The rocks are essentially sedimentary and metamorphic formations of the anti- atlas 

domain, dated Paleozoic whose lithologically can be presented as of the shale, sandstone 

and limestone [3]. Concerning water resources, the potential aquifers, although the reserves 

are of little important, are Ordovician age essentially sandstone and in Devonian limestone 

[4].  

 
 
 
 

Fig. 1: Geographical situation of the Maider basin 

 

2

E3S Web of Conferences 37, 01001 (2018) https://doi.org/10.1051/e3sconf/20183701001
EDE6-2017



 

1 Introduction: 
In Morocco, particularly in the anti-atlas domain, water is one of the major problems 

because it represents a limiting factor key to sustainable development, as it improves the 

quality of life and peace, bearing hard circumstances as arid climate and lack of 

groundwater reserves.  

During last decades, the groundwater in the Maider basin object of this study is 

increasingly exploited as a result of sharp increase of water needs, (traditional irrigation), 

of drought and of the climate semi-desert characterizing this region.  within this framework, 

a good understanding of the functioning of the aquifers of the study area and the use of an 

appropriate management of water resources, are needed.  

The quality of groundwater in the basin, which is moreover degraded, is a true 

challenge not less important than the scarcity of this vital resource.   

This action research, is to apprehend the hydrogeological operation of the Paleozoic 

aquifer relating the basin Maider in function of the piezometric characteristics, 

hydrodynamic and hydrochemical of environment; special attention to the knowledge of the 

water of the Ordovician sandstone which can be a perennial resource of water in the basin. 

This approach is carried out thanks to an inventory of water points comprising a 

hundred of boreholes and wells located in the basin, through measurement of the 

piézométrie, physico-chemical parameters and the call to the hydrodynamic data points of 

water during the pumping test. 

 

2 Description of the area of study: 
 
The area of study as a whole located in the Anti-Atlas, constitutes at the same time southern 

part and eastern part of this area; it is limited northly by the broad set Saghro oriental-

Ougnate, from east by the plain of the Tafilalt, and from the west by the Jbel Bani oriental, 

finally from the south and south-east by the Cretaceous Hamada of Kern-Kem [1]. 

On this watershed, precipitations are very low, the average annual rainfall observed 

at the meteorological stations of Tazarine and Alnif, on the period 1982-2007, is 

respectively of 93 mm and 86mm; most of the rain (>50 %) is concentrated 

between October and February, these precipitations vary from 200 mm on Jbel Saghro to 

87,5mm on the plains of Nkoub and Alnif, and achieved less than 50mm on the plain of the 

Maider basin. The topography of the basin is varied, with altitudes between 2692 m to the 

upstream (NNW) and 613 m in the outlet (Daya-el- Maïder SE). The socio-economic 

activity, in the basin of Maider where the inhabitants number is  418450 (according to the 

 

general census of Morocco in 2014) is essentially agricultural 

and pastoral [1] nevertheless the mining activity occupies economic importance in 

the region [2]. The density of the population close to 34 hab/km2, knows an annual growth 

of 0.58 % for the period (2004-2014).  

The rocks are essentially sedimentary and metamorphic formations of the anti- atlas 

domain, dated Paleozoic whose lithologically can be presented as of the shale, sandstone 

and limestone [3]. Concerning water resources, the potential aquifers, although the reserves 

are of little important, are Ordovician age essentially sandstone and in Devonian limestone 

[4].  

 
 
 
 

Fig. 1: Geographical situation of the Maider basin 

 

3

E3S Web of Conferences 37, 01001 (2018) https://doi.org/10.1051/e3sconf/20183701001
EDE6-2017



 

Fig. 2: Digital Terrain Model of  Maider basin. 

3  Data and Methods: 

The methodological approach proposed in this study is based on the collection, treatment 

and the analysis of the entire piezometric and hydrodynamic data relative to the basin 

studied. The acquisition of data constitutes the main step in the realization and the 

functioning of this study. A part of the data used have been acquired from the campaigns of 

the measures and the technical data sheets of many wells drilled in the basin, in the 

framework of the partnership with the Guir-Ziz-Rheris Hydraulic Basin Agency. 

The hydrochemical data are incorporated the  physicochemical parameters: temperature, 

pH, electrical conductivity (EC, A' 25 8C) on a hundred wells. The follow-up of the 

piézometry is also been carried out on the same network of water points for the three 

drowned levels that the basin contains: Ordovician, Devonian and Cambrian. 

The Hydrodynamic data are got from 117 water points distributed between the borehole 

and the wells; it is in particular parameter of debit and transmissivity. After treatment of the 

serie of gotten data, this undergoes a representation of Krigeage method on the whole basin. 

Furthermore, the use of a platform of Geographic Information System (GIS tools), 

occupies a great importance in the achievement of this work. Indeed the elaboration of 
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piezometric maps and other cartographic documents, which will be shown below, are useful 

for the confection of the study. 

  
4 Results and Discussion : 

4.1 Piézometry and structure of flow: 

In order to highlight the current state of water resources in the Maider basin, we have 

established the piezometric map for the Ordovician aquifer on the basis of the statements of 

the year 2017.  

The analysis of this piezometric map (Fig 3) shows that the general flow of the 

ordovician aquifer is always directed from the north to the south-east of the basin by 

following the principal axes of the wadis: Taghbalt, Hssiya  and Fezzou. Considering that 

the area of study do annually receives more than 90m of precipitations, it is clearly shown 

that the recharge of the aquifer is primarily done, either by the  underground flow, or by the 

Surface runoff of torrential waters through Jbel Saghro. According to this map we can 

differentiate several zones by their hydraulic gradient: 

 The zone center and southeast of the basin  are characterized by a very low 

hydraulic gradient which varies between 0.7 to 0.3%. These variations of the 

Gradient reflect   an easy flow linked to topography plain  of the area;  

 The Northwest Zone  of the basin is characterized by a low hydraulic gradient 

of the order of 1 per cent. In this area, the tightening of the isopiestic lines is 

linked to poor hydrodynamic characteristics of the aquifer; 

The North-East area (north of the axis Alnif-Mssici) of the basin where the hydraulic 

gradient is important to the order of 4% for the current state (2017), is distinguished by high 

values that can be attributed to poor permeabilities and the tilt of the substratum at this 

level. 

Noting the existence of an anomaly in piezometric level of Ait Saadane in the center of 

the basin, materialized by the curve 750m, that can be explained by the overexploitation of 

the aquifer because this area has experienced in recent years a pronounced extension of 

irrigated areas. 

 

5

E3S Web of Conferences 37, 01001 (2018) https://doi.org/10.1051/e3sconf/20183701001
EDE6-2017



 

 
 

Fig. 3 : The piezometric map of primary aquifer in the Maider basin  for year 2017 

4.2 Productivity: 

In totality, the Paleozoic aquifer of the Maider Basin, due to its low porosity (...), does not 

offer good transmissivities which constitute a hydrodynamic parameter in determining the 

evaluation of productivity. 

 

From a database of 117 water points (wells and boreholes), well distributed over the 

study area, the values map of the transmissivity (Figure 3) of the Maider region was 

realized. It shows, of course, the lowest transmissivities at the west of the basin, while the 

maximum values are confined at the east, mainly at the level of Alnif upstream. 

 

Concerning flow rates, we tried to recover as much as possible a good coverage of data, 

so as to have an idea about the state of circulation of groundwater in the basin. FIG. 4 

below, which shows the flow distribution, according to values recorded in 132 water points 

around the basin, obviously shows that the flow rates are largely very low and do not 

exceed 2l/s for 80% of the points, while those with relatively high flow rates do not exceed 

twenty. 
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Fig. 4 :  the transmissivity  Map of primary aquifer in the Maider basin   

 

 

 

 

 

 

 

 

                                        

 

 

  

Fig 5 : the distribution map of flow rates  in the Maider basin. 
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4.3  Physicochemical Quality : 

To have an idea of the overall quality of groundwater in the basin Maider, we were limited 
to electrical conductivity. This last is the inverse of the electrical resistivity; it increases 
with the content of dissolved salts (mineralization). Groundwaters in the basin studied have 
high values of conductivity in general; which exceed greatly the guide value set by the 
European standards (100μS.cm-1). They are, generally, included between 349 μS.cm-1 in 
the vicinity of Taghbalt, and 5200 μS.cm-1 at the south-east of the basin. The map of 
electrical conductivity (Figure 6) highlights on three groups of different qualities:   

- In the eastern portion of the basin (Corridor N’kob-Alnif and basin Tazarine-
Taghbalt), the mineralization of groundwater is relatively good and the electrical 
conductivity measured does not exceed 1000 µS.cm-1. 

- In areas that constitute the center and the major part of the basin (the basin of Ait 
Saadane and the western part of the Fezzou basin), the mineralization of the 
groundwater is mediocre and the electrical conductivity is between 1000 μS. cm-1 to 
more than 3500 μS.cm-1. 

- In the southern corridor of the basin Tismoumine-Majrane, the mineralization of 
groundwater which reaches 5400 μS.cm-1is much worse, with a tendency towards 
increase. 

     The strong mineralization of the water in the basin is generally explained by the 
lithological nature of the saline formation and by the changes of the hydrological regime, 
due to the decrease of the water assimilation process caused by drought (significant 
reduction at the level of the water table).  

 
Fig. 6 : the hydraulic conductivity  map of  the Ordovician Aquifer. 
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      The temperature degrees of the waters of the ordovician groundwater of Maider basin 
are between 20.8 and 29.70°C, with an average of 24.7 °C. They present a lower difference 
at the Aquifer level; this is due to the fact that the measures have been distributed in a broad 
interval of time and that the sampling has been carried out at varying depths. 

      In what concerning the pH of the groundwater in this basin, it varies between 5.8 and 
8.3, with an average of 7.2. 

 

 
Fig. 7: the temperature Map of the ordovician Aquifer. 

 
5 Conclusion: 
 
In this work, we can describe the primary aquifer of the Maider basin and propose some 
prospects that can be seen pertinent. 

 
- The general flow of the ordovician aquifer is always directed from the north to the 

south-east of the basin by following the principal axes of the 

wadis: Taghbalt ,Hssiya  and Fezzou.  

- View that the studied basin do annually receives about 90m of precipitations, it is 

clearly shown that the recharge aquifer is primarily done, either by the 

underground flow, or by the surface runoff of torrential waters from the upstream  

of  JBEL SAGHRO. 
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- The piezometric anomaly noticed at the level of Ait Saadane (in the center of the 

basin) that has materialized by the curve 750 m,  is explained by an 

overexploitation of the water table from the fact that this area knows in last years 

an important  extension at the level of irrigated surfaces.  

The physicochemical approach for the Maider basin identifies two essential factors for 

groundwater salinisation: The dissolution of the aquifer formation which is rich in minerals, 

with high temperature on the one hand, and the decrease of the piezometric surface due to 

the overexploitation and drought on the other hand. 

Although the scarcity and the salinisation of groundwater appear as irreversible 

phenomena, it is possible to limit their deterioration and their geographical extension. The 

control of intensive pumping at the whole basin, the use of saving water techniques in 

irrigation, the artificial recharge of the aquifer, and the demineralization techniques, all 

these are the main actions to be taken to reduce the risks of the water resources degradation 

in both: qualitatively and quantitatively sides. 
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