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Abstract 

The F'Kirina plain is located northeast of Algeria; its groundwater constitutes the main resource for potable 

water supply and irrigation in this area. The aquifer lithology is made up of alluvia and Maestrichtian 

limestone. The aim of this study is to determine the hydrochemical characteristics of groundwater of this 

aquifer. For this purpose monthly samples from boreholes and wells were collected. The physicochemical 

analyses by Piper diagram, PCA, as well as hierarchical ascendant classification analysis determined a high 

mineralization degree. The dominant chemical facies are calcium-sulfate, calcium-bicarbonate and calcium-

chloride. This mineralization has its main origin in host rocks. 
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Introduction 

The F'Kirina plain is a part of the high Constantine 

plains situated in the northeast of Algeria which 

belongs to the North of Africa. This latter is typically a 

semi-arid region where water resources are rare and 

are under increasing human pressures and many are 

threatened by the increase of the salinity which is due 

to several causes (Williams, 2002). such as industrial 

discharges, use of fertilizers in agriculture, see–water 

intrusion into coastal areas, climatic parameters, 

exchanges between the aquifer and surface water and 

the dissolution of geological formations. 

 

In this context, several studies in the world have been 

made concerning the determination of the origin of 

groundwater chemistry and the mechanisms of 

acquisition of mineralization, among which, those of 

(Hssisou et al, 2001, Chaffai et al, 2003, Fehdi et al, 

2009, Belghiti et al, 2013, Boubelli et al, 2018). 

 

Algeria loses significant quantities of water due to the 

salinity engendered by the water-rock interaction 

which has an undesirable effect on the quality of this 

resource (Ghrieb, 2011).  

 

The present study is going to give an example of this 

type of contamination by the dissolution of the 

geological formations which influence on the 

chemical characteristics of groundwaters.  

 

In fact, the latter circulating in the alluvial aquifer of 

F'Kirina come from the carbonate formations of the 

Upper Cretaceous bordering the plain, then they 

circulate in a very heterogeneous material (alluvium, 

clays, gravels, salt formations of the Mio -Plio-

Quaternary, evaporitic deposits of the Triassic, .. etc), 

which will influence the acquisition of chemical 

elements (Gouaidia, 2008). 

 

The aim of this paper is to characterize and classify 

the groundwater of the F’Kirina aquifer using several 

methods such as hydrochemical mapping and 

statistical analysis to find out the origin of the 

mineralization of these waters. 

Material and methods 

Study area 

The F'Kirina plain is located northeast of Algeria with 

a surface area of 650 Km2 and a population of 14914 

inhabitants; it has a semiarid climate marked by an 

annual rainfall of the order of 392.68 mm and a mean 

annual temperature of 16.45°C.  

 

The study area is limited to the east by a long range of 

carbonate formations constituting the major relief 

line, and to the west by « Gareat Et-Tarf », protected 

wetland (RAMSAR, 2005), to which discharge the 

majority of the plain streams, the most important of 

which are Nini wadi, Oulmene wadi and Isfer wadi 

(Fig.1). the geology of the plain is constituted of three 

sets: a marly substratum of lower Maestrichtian, a set 

belonging to upper Cretaceous, characterized by 

Maestrichtian limestone, and a third set formed by 

alluvial material of Mio-Plio-Quaternary covering the 

whole plain (Younssi, 2009). We note the existence of 

two superposed aquifers (Fig. 2), the first one is 

superficial made up of gravels and pebbles, and the 

second one is deep, made up of fissured limestone 

(Houha, 2007).  

 

Piezometry 

In order to establish a piezometric map of the study area, 

a campaign of piezometric surveys was carried out 

during low water period (November, 2016) on 15 wells 

and 6 boreholes (Fig. 3). 

 

Hydrochemistry 

The samples collected from 21 water points (15 wells 

and 6 boreholes) covering the whole study area are 

kept in a cool box at 4°C (Rodier, 2009) and 

transported to the laboratory for hydrochemical 

analysis. The dosage of chemical elements was 

performed as follows: Calcium (Ca++), Magnesium 

(Mg++) and Sulfates (SO42-) by spectrophotometer of 

type (HI 83200, HANNA Instruments), Potassium 

(K+) and Sodium (Na+) by flame spectrophotometer 

of type (JENWAY.PFP7), Chlorides (Cl-) using 

argentimetry and Bicarbonates (HCO3-) using 

spectrophotometer of (WTW 2000) type. 
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Fig.1. Geographical location and geology of the study area. 

 

 

Fig. 2. Hydogeological section in the F’Kirina plain. 

 

 

Fig. 3. Water points inventory map of the F’Kirina plain (November, 2016).
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Results and discussion 

Interpretation of the piezometric map  

The examination of the piezometric map (Fig. 4) shows 

that the flow direction is oriented towards Gareat Et-

Tarf, which constitutes a natural outlet (Dali, 2013). In 

eastern and western parts, the isohypses are distant, 

indicating a low hydraulic gradient. In contrast, they are 

closer together in the center of the plain, determining a 

high hydraulic gradient.  

 

Chemical analyses  

According to the map of calcium concentration, 

magnesium and sodium (Fig. 5), we see that for these 

three chemical elements, the low concentration not 

exceeding 150 mg/l, 50 mg/l and 100 mg/l for Ca2+, 

Mg2+ and Na+ respectively are observed south of the 

plain. Whereas the highest ones characterize waters 

of wells (P11) and (P12) bordering Gareat Et-Tarf, 

thus indicating the influence of this latter on the 

mineralization degree of water, with a maximum at 

(P12) reaching 490 mg/l, 100mg/l and 288mg/l for 

Ca2+, Mg2+ and Na+, respectively, and east of the plain 

round wells (P1 ) and ( P5 ), where there is the 

influence of Maestrichtian limestone, and at wells 

(P9) and (P15) located south near the diapir of Knif 

mountain, where there is the influence of Triassic.

 

 

Fig. 4. Piezometric map of the low waters period (November, 2016). 

 
This influence is also noted for Potassium in the map 

(Fig. 6), which shows contents exceeding 2mg/l only 

at well (P9) and (P15), where they reach 20mg/l. The 
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makes it possible to distinguish the areas where the 
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plain (P1) and (P5), which can be explained by 

leaching of Maestrichtian limestone; the second one 

is found west at the vicinity of Gareat Et-Tarf, which 

can influence its high chloride and sulfate contents, 

which is the case at well (P12), which is the most 

mineralized ,with concentrations exceeding 800 mg/l, 

and the third area is located south of the plain, 

notably at (P9), the sulfates concentration of which 

reaches the maximum (919 mg/l), where we have the 

leaching of Triassic formations (diapir of Djebel Knif).  

 

For bicarbonates, we can attribute the very high 

contents, exceeding 400 mg/l and characterizing the 

center (F4) and the southeast (P10) of the plain (Fig. 

8), to leaching of the carbonate formations of the 

plain edge (Ghrieb, 2011).  
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Fig. 5. Concentration’s map of calcium, magnesium and sodium (November, 2016). 

 

 

Fig. 6. Concentration’s map of potassium (November, 2016). 

 

Fig. 7. Concentration’s map of chlorides and sulfates (November, 2016). 
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Fig.8. Concentration’s map of bicarbonates (November, 2016). 

 

The Piper diagram (Fig. 9) highlights three main 

types of chemical facies, namely calcium-sulfate, 

which accounts for 33.33 % of samples and appears 

according to the distribution map of facies (Fig. 10). 

 

At points (P2), (P3), (P5), (P7), (P9), (P11) and (F5), 

calcium-bicarbonate facies (28.57 % of samples), 

which characterizes waters of boreholes (F1), (F2), 

(F4) and those of wells (P10), (P13) and (P15). The 

carbonate and Triassic formations can be the origin of 

these facies (Baali et al., 2007). The calcium-chloride 

facies accounting for 23.80 % of samples is present 

inside the plain and characterizes waters of wells (P1), 

(P4), (P6) and those of borehole (F 3) located at the 

vicinity of Nini wadi and well (P12) close to Gareat Et-

Tarf, which can be explained by the influence of this 

latter and the presence of salt formations of Mio-Plio-

Quaternary age (Gouaidia et al, 2012). 

 
Fig. 9. Piper diagramme (period of low waters, November, 2016). 
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Fig.10. Projection of variables on the factor-plane (1x2). 
 
 

 
 

Fig.11A. Dendrogramme of hierarchic classification of chemical elements. 
 
 

 
 

Fig.11B. Dendrogramme of hierarchic classification of the water’s points of F’Kirina’s aquifer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.15. Projection of variables on the factor-plane (1x2) 
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Principal Component Analysis (PCA) 

The Analysis in Principal Components (ACP) is a tool 

for analysis of data which makes it possible to explain 

the structure of the correlations by using linear 

combinations of the original data. The (ACP) aims to 

present, in a graphical form the maximum of 

contained information in data table based on the 

principle of double projection on the factorial axes 

(Ramdani et Laifa, 2017). 

 

Correlation analysis 

The correlation matrix (Table 1) highlights many very 

significant correlations, especially between Ca2+ and 

Cl- (r= 0. 92), Ca2+ and Na+ (r= 0. 92), Ca2+ and SO42- 

(r= 0. 86), Na+ and Cl- (r= 0. 90), Na+ and SO4- - (r= 

0. 80), which can be due to the common origin of 

these elements (Sekiou et al., 2014) that is the 

leaching of carbonate or Triassic or salt formations of 

Mio-Plio-Quaternary. For Mg2+, K+ and HCO3-, there 

is no significant link between them and the other 

chemical elements.  

 

Table 1. Correlation matrix between chemical 

parameters  

  Ca2+ Mg2+ Na+ K+ HCO3- SO42- Cl- 

Ca2+ 1,00 
      

Mg2+ 0,66 1,00 
     

Na+ 0,92 0,61 1,00 
    K+ 0,46 0,44 0,55 1,00 

   
HCO3- 0,01 0,20 -0,02 0,05 1,00 

  
SO42- 0,86 0,55 0,80 0,38 -0,16 1,00 

 
Cl- 0,92 0,61 0,90 0,26 -0,08 0,72 1,00 

 

The projection of variables on the design F1-F2 (Fig. 

10) shows two poles, the factor 1 accounts for 61.66 % 

of variance; it is determined by the elements Ca2+, 

Mg2+, Na+, K+, Cl, SO42- linked to high mineralization, 

and the factor 2, which accounts for 16.24 % of 

variance; it is determined by the element HCO3- 

deriving especially from leaching of carbonate 

formations (Bodin, 2008).  

 

Ascendant Hierarchic Classification (AHC)  

The dendrogram of hierarchical classification of 

groundwater of the F'Kirina aquifer (Fig. 11A, B) 

highlights the existence of three groups. The first group 

represents the class of very high mineralization; it is 

formed by the point (P12) close to Gareat Et-Tarf, the 

second one represents the class of high mineralization, 

notably due to leaching of carbonate and Triassic 

formations; it is constituted of the points (P11), (P9), 

(P1), (P5) and (P15), and the third group is 

characterized by a low mineralization; it represents the 

rest of water points.  

 

Conclusion 

The application of graphical (mapping and Piper 

diagram) and multivariate statistical tools (PCA and 

AHC) on groundwater of the F'Kirina aquifer allowed 

us to determine the chemistry mechanisms of this 

water and those of mineralization acquisition, and also 

enabled us to classify them into several facies types, the 

distribution of which depends especially on lithology of 

the crossed terrains and on the phenomena of leaching 

and evaporation (Gouaidia, 2008).  

 

The Maestrichtian limestone of the plain edge gave 

rise to calcium-bicarbonate facies; the salt materials 

of Mio-Plio-Quaternary filling and clayey and marly 

levels gave rise to calcium-chloride and sodium-

chloride facies, and the Triassic deposits gave rise to 

calcium- sulfate and magnesium-sulfate facies.  
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