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Abstract.

1Introduction�
In south-eastern Morocco, or more precisely in the high 

Guir basin, the availability of groundwater of acceptable 

quality has become a difficult challenge because of the 

severity of the climate and the risks of pollution 

(domestic, industrial, agricultural) which weakens and 

makes these waters vulnerable because of different 

factors [1]. Therefore, the quantitative and qualitative 

management of groundwater and surface water resources 

is currently a necessity [2, 3]. 

 The objective of this work is to evaluate the 

physicochemical quality of groundwater in the Guir 

Basin region and to identify sources of pollution with a 

view to establishing a groundwater quality map.A 

standard sampling procedure was used to collect 30 

groundwater samples [4]from the various wells and 

boreholes distributed over the study area. For the 

assessment of groundwater qualitystatistical techniques 

were used [1,5]. 

2Study�area�

The study area is located in the south-east of Morocco, 

geographically between X = 598 000, X = 706 000 and 

Y = 151 000, Y = 231 000 (UTM geographical 

projection system), total area is 4005 km² (Figure 1). 

The high Guir Basin is located in a semi-desert 

bioclimatic stage. Temperatures have significant 

seasonal variations with a very hot summer and a very 

cold winter [1]. The annual rainfall regime is 

characterized by the existence of two rainy seasons: 

autumn and spring [1]; with an average annual rainfall 

reaching 250 mm in the high Basin and 112 mm at the 

downstream of the basin. 
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2.1.� The� geological� and� Hydrogeological�
framework 

The geological formations in the area are mainly 

composed of Jurassic sedimentary rocks [6, 7, 8, 9] 

dominated by marl and limestone. The Triassic is 

composed of detrital depositsthat lie in angular 

unconformity on Palaeozoic bedrock [8, 9]. The region is 

characterized by a vast geological structure, including 

fracture systems at different scales and mechanisms, 

which play an influential role in increasing the porosity 

and permeability of the rocks (Figure 2). 

The boreholes data provided by AHGZR and the 

electrical sounding carried out by the Public Laboratory 

of Essays and Studies (LPEE 1992-1993) enabled us to 

describe the stratigraphy of the sedimentary basin 

between the Triassic and the recent Quaternary periods. 

According to these works, the high Guir basin contains 

aquifers made up of Jurassic limestones age (Domerian, 

Alenenian and Dogger) and an alluvial aquifer (alluvial 

quaternary) [5, 10]. 

The aquifer systems in thehigh Guir watershed are : 1) 

Plio-Quaternary alluvium aquifers containing essentially, 

conglomerates, gravels and pebbles, located along the 

valleys ; 2) Cretaceous Aquifer generally containing 

limestone with a karst behavior, sand and sandstone ; 3)  

Lias-Domerian lower aquifer with limestone and 

dolomite, often fractured and sometimes karstified ; 4)  

Aalenian-Dogger aquifer with the limestone marl with 

cracked and karst networks [5, 10]. 
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3Data�and�methods�

3.1.�Data 

The hydrochemical data used are essentially the results 

of the physicochemical analyses of the water samples 

taken in May 2018 from 30 boreholes in the region 

(Figure 3). These boreholes were selected in a manner to 

cover the entire study area. Water samples were analysed 

at the ONEP-E Laboratory. Temperature (T °), electrical 

conductivity (EC) and pH were measured in the field and 

water samples were collected for ion determination. The 

pH and conductivity were measured using a pH meter 

and a digital conductivity meter, respectively, with 

uncertainties of ± 0.1 and ± 0.1 μS.cm-1. The temperature 

was measured using a thermometer with an uncertainty 

of ± 0.1 ° C. During this campaign, the water samples 

taken were conditioned and stored, protected from dust 

and light at a temperature of 4° C. Major and other 

elements were measured in the laboratory by different 

techniques. The ions HCO3
-, Cl-, NO3

-, SO4
2-, Ca2+, 

Mg2+, Na+ and K+ were assayed in the laboratories in a 

maximum of fifteen days after the samples. 

 

3.2.�Dataprocessing�method 4RESULTS�AND�DISCUSSIONS�

4.1Results�of�the�identification�of�explanatory�
variables�by�the�ACP�

Principal Components Analysis (PCA) results are 

presented in tabular or graphical form to synthesize 

information and facilitate interpretations. This technique 

of analysis of an array of data can be used to try to 

identify similarities between water points relative to the 

studied variables (physicochemical parameters). 

 

4.1.1�Choice�of�Eigenvalues�(selectable�number�of�
factors)�
�
The table of eigenvalues  (Table 2) shows that the first 

three factors represent 61.13% of the variance expressed. 

These factors combine the maximum of the variance 

expressed and are enough to accurately translate the 

information sought. 

 

The factor F1, with a variance of 30.80%, is the most 

important factor. Then come the factors F2, F3 and F4 

with respectively 48.84%, 61.13% and 70% of the 

variance expressed. The factors selected are those whose 

eigenvalues are greater than or equal to 1. Added to this 
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is the criterion according to which the set of factors 

selected must have a variance greater than or equal to 

70%. Given these different conditions, the first three 

factors can be retained. Indeed, the eigenvalues of these 

factors vary between 1.60 (F3) and 4 (F1). Also, the 

cumulative variance is estimated at 61.13%. The 

factorial axes selected for this statistical analysis are 

representative of the variance of the data set. The 

factorial designs F1 -F2 and F1-F3 thus represent 

respectively cumulative variances equal to 49% and 

43.08%. In view of these percentages expressed, it can 

be considered that the mechanisms that control the 

variation of the electrical conductivity of groundwater 

are largely contained in the first three factors. As a 

result, the analysis was carried out on the factorial F1-F2 

and F1-F3 which highlight the general trends. 

 

 

Table 2.The table of eigenvalues. 

�

Fig. 9. �
The correlation matrix which presents the different 

correlations between the variables necessary for the 

understanding of the phenomena studied is presented in 

Table 3. 

Indeed, this matrix shows an importantcorrelation 

between the electrical conductivity and the sum of the 

cations (R = 0, 87) and the sum of the anions (R = 0.98). 

This reflects a major influence of the sum of the cations 

and that of the anions (explanatory variables) on the 

electrical conductivity which is the explained variable. 

Simple linear regression curves were used to assess the 

quality of the correlations between electrical 

conductivity and major ions (Figure 10). In addition, the 

values of the correlation coefficient between electrical 

conductivity and parameters such as pH and temperature 

remain low (respectively, R = 0.22 and R = -0.28). These 

low values of the correlation coefficient show that these 

parameters do not interfere in the determination of the 

electrical conductivity of water. 

The examination of the correlation matrix between 

variable also shows an important correlation between  

Mg++*SO4
--(0.898) and Cl-*Na+(0.856). 

These different correlations reflect the influence of each 

parameter on the mineralization of the waters of the Guir 

high Basin (Table 3). 
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Fig. 10.

 Table 3.Correlation matrix of physico-chemical variables. 

Table 3 show the contribution of the different variables 

and principle factors. Results indicate that the F1 factor, 

defined by CE (r=0.972), SO4
-- (r=0.914), Cl- (r=0.678) 

and Na+(r=0.659), is the most important factor. 

Table 4: Correlation between the variables and the factors. 
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4.2.2� Analysis� of� the� distribution� of� parameters� in�
the�plan�F1xF2�

Figure 12.A shows the results of PCA in factorial plane 

F1-F2. The factor F1 is defined by a grouping situated in 

its positive part and constituted by the electrical 

conductivity (CE), K+, Na+, Cl-, PH, Ca++, SO4
-, RS and 

Mg++ with a variability of 30,80%. Conversely, the 

factor 

 

 

 2 is marked by a group consisting of the temperature, 

HCO3
-, +, Na+, Cl-, pH and Ca++ in its positive part with a 

variability of 18.04%. 

 

 

 

 

 

 

Fig. 12.

The analysis in the factorial plane F1 -F3 (figure. 12.B) 

shows the same grouping for the factorial plane F1. The 

factor F3 is defined by two groupings. The first group, 

consisting of the temperature, K+, Mg+, SO4
-, CE, and 

pH, is located in its positive part. The second grouping 

consists of HCO3
-, RS, Na+, Cl-, and Ca++, is located in 

its negative part with a variability of 12.28%. 

The results of the PCA indicate that most of the 

physicochemical parameters studied do not all influence 

the electrical conductivity, with the exception of Mg++ 

and SO4
- which are very close to electrical conductivity 

in the factorial plane F1-F2 and also in the factorial 

plane F1-F3. In addition to Mg++ and SO4
- the sum of the 

major cations and the sum of the major anions more 

influence the electrical conductivity. Indeed, electrical 

conductivity is an indicator of overall mineralization). It 

turns out that the electrical conductivity is influenced by 

the chemical parameters of the water which are 

summarized in this case in the sum of the major cations 

and the sum of the major anions. The approximation of 

the pH of the electrical conductivity in the factorial plane 

F1 -F2, shows that the electrical conductivity is 

influenced by the pH. However, the analysis of the 

projection of the variables in the factorial plane F1-F3 

completely eliminates the pH of the variables that can 

influence mainly the electrical conductivity (figure 

12.B). This explains the low correlation (R = 0.28) 

between these two parameters. In addition, the results 

show no significant relationship between on the one 

hand, the electrical conductivity and on the other hand, 

the temperature and HCO3-. 

The typological structure of the plan analysis F1 x F2 

(figure 13) allows the identification of three areas (GI, 

GII and GIII), depending on the nature of pollutants and 

theirdegree of contamination.  

 

 

     , (20 https://doi.org/10.1051/e3sconf/20E3S Web of Conferences 150 0010 20) 201500100
EDE7-2019

3 3

6



 

Fig. 13.

Group I: This group occupies the positive part of the F1 

axis. It is represented by water points 1, 3, 7 and 12. The 

groundwater in this area is characterized by strong 

mineralization reflected by the high levels of HCO3
- , 

SO4
- and Cl-. This heavy load in these chemical elements 

HCO3- , SO4- and Cl- reflects a very long residence 

time of groundwater in the aquifer. The state of 

supersaturation of water in carbonate minerals seems to 

be mainly due to dissolution of rocks by water, which is 

a very rapid phenomenon. 

 

Group II: This group occupies the negative parts of F1. 

It is represented by points 5, 16, 23, 24, 26, 27 and 28. It 

is characterized by a high chemical element charge (k+, 

Na+, Cl- and Ca++). The presence of these elements in 

this groundwater could be related to the geological salts 

(salts of salts). 

 

Group III: This group occupies the negative parts of F1. 

It is represented by a cloud of points. It is characterized 

by a high chemical element charge (HCO3
-, K+ and 

Ca++). The presence of these elements in this 

groundwater could be related to the geological salts. 

Moreover, the stations of our study area experiencing 

heavy mineralization, are in agreement with those found 

by [5, -15] for the Ziz high basin and of Rheris high 

basin.  

�

Conclusion��

Several important results were obtained on Jurassic 

aquifers in the region of the high Guir Basin. In fact, the 

application of geostatistical tools showed significant 

connections between electrical conductivity and the 

various chemical elements, which made it possible to 

show a strong participation of sulfates, chlorides and 

sodium in the acquisition of mineralization. The 

application of principal component analysis has shown 

that three factors explain almost 50% of the variance. 

The factors F1 and F2 are those of the mineralization of 

groundwater. This method showed the existence of three 

groups of water depending on the type of mineralization 

and the nature of the pollutants.  

Multivariate analysis methods have shown that the 

quality of the groundwater in the upper Guir basin is 

controlled by three major phenomena: anthropogenic 

activities, rainfall and leaching of soils and hydrolysis of 

rock minerals. 
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