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Fig. S1. Represents the Semi-Variogram Model for the established piezometric map. 
Gridding rules are mentioned in the text. Fig. 5. d represents Cross-validation, highlighting 
the values (in red), reference line and best fit (gray and blue, respectively). Cross-validation 
parameters (Mean, RMSE are also shown) 

 



 

Fig. S2. (conventional Langelier Ludwig diagram of the Occidental basin (c) and the 
Oriental basin (d). Units are expressed in méq/L. Samples from every locality were plotted 
to show the geographic variation in water types. 

 

 

 



Table S1. Summary of the data compilation and methods used for this study 

 

Reference Area covered 
On-field 

parameters 

Major 

ions 
Analytical methods 

Ion-balance 

(e%) 

Isotopes of 

δ18O and 

δ2H 

Analytical 

methods 

 

Edmunds et al. 

(2003) 

Atlas Mounts, 

and partially 

the Oriental 

basin 

EC, HCO3
− 

and pH (n=47) 

49 

ICP-OES and ICP-MS ± 6% 

47 CO2 

equilibration 

via gas source 

mass 

spectrometry 

 

Samples Samples 

 

Moulla et al. 

(2012) 

Atlas Mounts, 

Tademait and 

the Occidental 

Basin 

T°C, EC, 

HCO3
− and pH 

(n=78) 

82 

Ion chromatography ± 6% 

111 Isotope ratio 

mass 

spectrometry 

 

Samples Samples 

 

Darling et al. 

(2018) 

Locality of 

Krechba 

(Tademait, 

Algeria) 

T°C, EC, 

HCO3
− and pH 

(n=5) 

5 Samples 
Ion chromatography and 

ICP-MS 

e > 5% 

average = 

13.45 % 

5 Samples 

Isotope ratio 

mass 

spectrometry 
 

Petersen et al. 

(2018) 

Part from the 

Oriental basin 

(Tunisia) 

T°C (n=29) / / / 29 Samples 

Laser 

spectrometry 

measurement 

 

Hakimi et al. 

(2021) 

Transition 

area between 

the Oriental 

and 

Occidental 

Basins 

T°C, EC and 

laboratory 

measurements 

of pH (n=58) 

58 

Samples 
Ion chromatography ± 2% 20 Samples 

Laser Cavity 

Ring-down 

spectrometer 

 

Cherchali et 

al. (2021) 

Tidikelt region 

(Algeria) 

T°C, EC, and 

pH (n=29) 

29 

Samples 
Ion chromatography ± 5% 20 Samples 

CO2 

equilibration 

via gas source 

mass 

spectrometry 

 

Abdelali et al. 

(2020) 

Part from the 

Oriental Basin 

(Algeria) 

pH, EC and 

T°C (n=16) 
16 samples 

spectrophotometry, 

± 5% 16 samples 

CO2 

equilibration 

via gas source 

mass 

spectrometry 

 
Titration  
 

 

This study 

Transition 

area between 

the Oriental 

and 

Occidental 

Basins 

pH, EC and 

T°C (n=10) 
10 samples 

spectrophotometry, 

± 5% 10 samples 

CO2 

equilibration 

via gas source 

mass 

spectrometry 

 

Titration  

  
 



         
Note to Table 

1:         
EC: Electrical Conductivity; T°C: temperature; pH: potential of hydrogen; Major ions are represented by Na+, K+, Ca2+, Mg2+, Cl-, SO4

2- and HCO3
−; ICP-MS: Inductively coupled plasma mass spectrometry; ICP-OES:  inductively coupled plasma optical emission 

spectrometry. 

 

Table S2. Variation matrix (array) for the occidental basin (7 variables excluding NO3−). The 
lower triangle provides the variation element (tij) for all variable pairs - the smaller the 
variation element, the greater the proportionality between the two variables. The upper 
triangle contains a transformation of each variation element, which provides an 
approximate index of proportionality for each variable pair. Those proportionality indices 
indicating very strong relationships (<0.5) are highlighted in bold text. 

 

 Variance ln(Xi/Xj)   

Xi\Xj Ca Mg Na K HCO_3 Cl SO_4 

clr  
 

variances 

Ca  0.22 0.398 0.7775 0.4162 0.4363 0.1397 0.1066  

Mg -0.79  0.4093 0.8264 0.4949 0.384 0.1871 0.1257  

Na 0.3758 1.1658  0.6684 0.9084 0.1397 0.3137 0.1708  

K -2.2195 -1.4295 -2.5953  0.9113 0.7601 0.9722 0.4677  

HCO_3 0.161 0.951 -0.2148 2.3805  1.0614 0.707 0.4082  

Cl 0.7956 1.5855 0.4197 3.0151 0.6345  0.36 0.2143  

SO_4 1.0824 1.8723 0.7066 3.3019 0.9214 0.2868 
 

0.1483  

 Mean ln(Xi/Xj) 1.6417 
Total 

Variance 

 

 

Table S3. Variation matrix (array) for the oriental basin (7 variables excluding NO3−). The 
lower triangle provides the variation element (tij) for all variable pairs - the smaller the 
variation element, the greater the proportionality between the two variables. The upper 
triangle (blue) contains a transformation of each variation element, which provides an 
approximate index of proportionality for each variable pair. Those proportionality indices 
indicating very strong relationships (<0.5) are highlighted in bold text. 

 

 

 



 Variance ln(Xi/Xj)  

Xi\Xj Ca Mg Na K HCO_3 Cl SO_4 

clr  

variances 

Ca  0.2719 0.2712 0.6944 0.3073 0.2983 0.096 0.0782 

Mg -0.8483  0.4401 1.0002 0.2847 0.363 0.2348 0.1719 

Na 0.2939 1.1422  0.6943 0.6203 0.0959 0.1869 0.131 

K -2.4546 -1.6062 -2.7485  1.1023 0.7158 0.719 0.5049 

HCO_3 -0.099 0.7493 -0.3929 2.3556  0.664 0.4087 0.2851 

Cl 0.745 1.5933 0.4511 3.1995 0.844  0.2705 0.1452 

SO_4 1.2277 2.076 0.9338 3.6823 1.3267 0.4827  0.075 

 

Table S4. Correlation matrix for the Oriental basin (Pearson (n)): 

Variables Ca Mg Na K Cl SO_4 HCO_3 

Ca 1 0.4070 0.7237 0.6064 0.6979 0.8389 -0.0833 

Mg 0.4070 1 0.3976 0.0712 0.5063 0.4150 -0.0212 

Na 0.7237 0.3976 1 0.5073 0.9720 0.5187 -0.2217 

K 0.6064 0.0712 0.5073 1 0.4709 0.5353 -0.2517 

Cl 0.6979 0.5063 0.9720 0.4709 1 0.4370 -0.2296 

SO_4 0.8389 0.4150 0.5187 0.5353 0.4370 1 -0.1160 

HCO_3 -0.0833 -0.0212 -0.2217 -0.2517 -0.2296 -0.1160 1 

Values in bold are different from 0 with a significance level alpha=0.05  
 

 

Ca

Mg

Na

K

Cl
SO_4

HCO_3

-1

-0.75

-0.5

-0.25

0

0.25

0.5

0.75

1

-1 -0.75 -0.5 -0.25 0 0.25 0.5 0.75 1

F2
 (1

5.
51

 %
)

F1 (54.90 %)

Variables (axes F1 and F2: 70.42 %)



Fig. S3. PCA analysis shows the statistical description of the whole set of Data of the 
Oriental basin. The projection of variables was performed on F1 and F2 yielding maximum 
variance (F1 and F2 display 54.90 % and 15.51 % respectively). 

 

Table S5. Correlation matrix for the occidental basin (Pearson (n)): 

Variables Ca Mg Na K Cl SO_4 HCO_3 

Ca 1 0.8138 0.7675 0.4496 0.7795 0.9177 0.1452 

Mg 0.8138 1 0.7511 0.4021 0.8088 0.8107 0.1190 

Na 0.7675 0.7511 1 0.6813 0.9673 0.6586 0.0151 

K 0.4496 0.4021 0.6813 1 0.6400 0.3221 0.0949 

Cl 0.7795 0.8088 0.9673 0.6400 1 0.6416 0.0336 

SO_4 0.9177 0.8107 0.6586 0.3221 0.6416 1 0.1138 

HCO_3 0.1452 0.1190 0.0151 0.0949 0.0336 0.1138 1 

Values in bold are different from 0 with a significance level alpha=0.05 
 

 

 

Fig. S4. PCA analysis shows the statistical description of the whole set of Data of the 
Occidental basin. The projection of variables was performed on F1 and F2 yielding 
maximum variance (F1 and F2 display 64.82% and 14.57% respectively). 
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