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The North-Western Sahara Aquifer System (NWSAS) is a complex multi-layered aquifer system with extraor-
dinary continental groundwater reserves. This largest aquifer in the world straddles three countries: Algeria, 
Libya, and Tunisia. It contains more than 50,000 billion cubic meters of water; of which 70% is in Algerian 
territory in the southeast of the country. This water is the result of accumulation over 1 million years. In the 
Wadi Mya basin (Algeria), this system is characterized by two overlaid aquifer systems: the complex termi-
nal (CT), a shallow aquifer housed in the Senonian-Eocene and Mio-Pliocene formations, and the continental 



Environmental Research, Engineering and Management 2023/79/1134

intercalary (CI), a deep aquifer hosted in the Albian, Aptian and Barremian formations. The main purpose of 
this study is to carry out a correlation between the geochemical composition of the water and the facies of 
the aquifer formation. The adopted approach will allow deciphering the hydro-chemical relationships between 
the different levels of the two aquifer systems in the Wadi Mya basin. To acquire the chemical composition of 
water, the study method goes through a targeted sampling and physicochemical analysis of water followed by 
a statistical analysis as well as correlation and geochemical modelling: the interpretation of specific diagrams 
(Piper), correlations between chemical elements in binary graphs, and principal component analysis (PCA). The 
performed geochemical modelling by examining the saturation index and chemical balance of water helps to 
better understand the origin of mineralization, elucidate the mixing of waters originating from different aquifers, 
as well as highlight the relationship between deep and shallow aquifers in the Wadi Mya Basin hydrodynamic 
conversion. The obtained results indicate that the overall mineralization occurring within the study area is 
dominated by sodium chloride and calcium chloride-sulfate facies. This can be explained by the dissolution 
of halite, gypsum, and anhydrite evaporitic rocks, intercalated in the aquifer matrix besides the effects of the 
extended stay of fossil waters with low recharging and cation exchange reactions resulting from water-rock 
interactions. The interference recorded between the geochemical signatures of the two aquifers favors the 
hypothesis of interconnection between aquifers through fractures. 

Through the implementation of such academic research, this invaluable source of life will stay sustainable for 
future generations.

Keywords: aquifer, mineralization, Wadi Mya, continental intercalary, complex terminal, interconnection.

Introduction 
The development of Algeria during the current century 
will have to be carried out in the south of the country 
(OSS, 2015). The human activities in this arid climate 
and desertic environment, have depended mainly on 
groundwater resources of the NWSAS (OSS, 2003). The 
largest irrigated crops have basically been dependent 
on the deep boreholes capturing the Complex 
Terminal aquifer (CT) and the Continental Intercalary 
(CI) (Hamed et al., 2014; Kallel et al., 2017; Hamad 
et al., 2018; Besser et al., 2019). This has clarified 
the knowledge on the hydrodynamic functioning of 
aquifers and their hydrogeological characteristics, as 
highlighted by previous study projects carried out by 
the United Nations (UNESCO, 1972). The present study 
aims to use the hydrogeochemical analysis to improve 
definitions of the NWSAS through a physicochemical-
based approach, with a particular emphasis on the 
relationship between hydro-chemical characteristics 
of water and the lithological nature of aquifers in the 
region of the lower valley of Wadi Mya.

To achieve this objective, the study is carried out based 
on the physicochemical analysis conducted in 2019 by 
the Algerian water authority of the City Ouargla, in the 
boreholes capturing the Senonian and Mio-Pliocene 
water tables belonging to the hydrogeological system 

of the CT and deep boreholes of the Albian belonging 
to the hydrogeological system of the CI.

The problem of groundwater chemistry has been ad-
dressed by innumerable research worldwide (Belke-
sier et al., 2018; Benmarce et al., 2021; Bouselsal and 
Saibi, 2022; Brahmi et al., 2021; Hamad et al., 2022, 
2022; Ncibi et al., 2021; Nekkoub et al., 2020).

General setting
The geology of the study area is established by a Pre-
cambrian basement formed of metamorphic and erup-
tive rocks, covered by sediments, thousands of meters 
thick with an age that extends from the Cambrian to the 
Quaternary. These formations build the Saharan plat-
form. Following the deformations suffered by the en-
tire Paleozoic sedimentary series during the Hercynian 
phase, it took on a pleated and sometimes peneplain 
appearance, thus forming a large asymmetrical sedi-
mentary basin, where the Ouargla basin is located and 
more exactly in the depression of Wadi Mya.

This depression is part of the Lower Sahara, known for 
its considerable aquifer reserves and also hydrocar-
bons (SONATRACH 2007).
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We observe that the sedimentary cover at the level 
of the depression is very thick in the North (6000 m) 
and becomes thinner and thinner going towards the 
South-West (400 m) (Aliev, 1972).

The top of the series is of Miocene age (0 to 400 m) 
surmounted by dunes and ergs of the Quaternary. The 
whole rests on Mesozoic formations with a thickness 
greater than 4000 m; the latter is in angular discord-
ance with Paleozoic formations following Hercynian 
erosion (Fig. 1) (Cornet, 1964). The faults affecting the 

Fig. 1. Situation and hypsometry of the studied area

Fig. 2. Lithostratigraphic section of the Ouargla basin

depression of Wadi Mya (Aliev, 1972; Fabre, 1976) are 
highlighted by seismic surveys. These faults intersect 
the series from the Cambrian to the Lower Senonian. 
They are oriented South-East-North-West and cross 
the region of Ouargla by the East; consequently, these 
faults are at the origin of a possible interconnection be-
tween the various superimposed aquifers (Edmunds et 
al., 2003; Guendouz et al., 2003). Locally, the geology is 
identified by a correlation between the lithostratigraph-
ic logs of boreholes up to 4250 m deep, which makes it 
possible to establish a geological section (Fig. 2).
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Table 1. Lithostratigraphic and hydrogeological units in the Ouargla region. (OSS, 2003)

Hydrogeological context
The Wadi Mya basin contains important aquifers be-
longing to two main hydrogeological systems that 
overlap from top to bottom: the CT and the CI (ANRH, 
2005; Cornet, 1964; UNESCO, 1972). The large water 
supply stored in these aquifers is ancient, inherited 
from past wet periods of the Holocene and Lower 
Pleistocene (Moulla et al., 2002).

The CT is hosted in the Senono-Eocene formations 
which are generally porous limestone with shell-like 
flints intercalated with marl and dolomite, at a depth 

of 120 to 200 m and with a thickness varying between 
100 and 200 m, surmounted by sands of Mio-Pliocene 
age located at a depth of 20 to 100 m and its total 
thickness varies between 50 and 100 m, with a mini-
mum of 20 m south of the city of Ouargla (Nadhira and 
Omar, 2019).

The CI water table is located at a greater depth of about 
1100 to 1400 m, materialized by sandstone formations 
with clayey cement of Albian age and dolomite of the 
Aptian as well as Barremian sands, with a total aver-
age thickness of 640 m. Besides, the CI water quality is 
better than that of CT (Nezli, 2009) Table 1. 
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Fig. 3. Location map of sampled water wells

Methodology
A water sampling campaign by direct pumping from 
the wells was carried out in the study area during the 
month of February 2019 on a total of 48 deep bore-
holes, 21 capturing the CT aquifer and 27 boreholes 
drawing from the CI aquifer. The location of the sam-
pled wells is shown in Fig. 3. Physical parameters in-
cluding electrical conductivity (EC), total dissolved sol-
ids (TDS) and hydrogen potential (pH) were measured 

on site using a Hanna model multiparameter. Sam-
ples for major ion analyses were filtered (0.45 mm, 
paper filter), collected in 1 L capacity polyethylene 
bottles and analyzed within 72 hours. The chemical 
analyses were carried out at the Water Quality Control 
Laboratory of Algerian water company of Ouargla-Al-
geria (ADE). To test the reliability of the results, the 
ion balance set itself on an error coefficient of less 
than ± 5% (BRGM, 1971), which confirms a relatively 
good ionic balance.
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Variables Units Minimum Maximum Mean Standard Deviation

pH - 6.80 8.48 7.71 0.46

CE μS/cm 1900.00 5430.00 2952.08 818.32

TDS mg/L 1451.00 3574.00 1986.35 499.55

Ca2+ meq/L 3.14 18.20 8.59 3.20

Mg2+ meq/L 6.01 29.71 10.78 4.37

Na+ meq/L 8.48 26.10 13.16 4.30

K+ meq/L 0.15 1.82 0.58 0.38

HCO3
- meq/L 0.16 4.05 2.33 0.93

Cl- meq/L 8.60 30.60 16.03 5.96

SO4
2- meq/L 7.91 33.83 14.70 4.68

Table 2. The physicochemical parameters of the 48 groundwater samples

Results and Discussion 

Chemical facies

Piper’s triangular diagram (Piper, 1944) shows the ef-
fect of lithologic facies on the nature of the water and 
allows the estimation of the percentage of chemical 
elements. The diagram (Fig. 4) shows that the dom-
inant anions in the water samples are chloride and 
sulfate while the dominant cations are sodium and 
calcium. Two types of water are present in the aqui-
fer system: Cl–SO4–Ca and Cl-Na. Gypsum, halite, and 
other minor salts occur in many geologic units and 
are the major contributors to salinity. The major ions 
of these minerals and their saturation states are used 
to explore mineralization processes.

Statistical analysis

The statistical analysis of physicochemical parame-
ters was performed using the statistical software 
XLstat, version 7.5.2, developed by Addinsoft. This 
method allows the determination of the relationships 
between the ionic constituents measured in CI and CT 
aquifers and the geological context (Esbensen, 2002). 
Groundwater properties are described by 9 variables 
(Figs. 5a and 5b) from 21 samples collected in the CT 
and 27 samples in the CI, namely ions concentration 
(Ca2+, Mg2+, Na+, K+, Cl-, SO4

-2, HCO3
-) measured in the 

laboratory as well as total mineralization (TDS), pH, 
and electrical conductivity (EC) measured in-situ.

For the CT aquifer, the main factorial plane (F1–F2) is 
found to be the most important with a total percent-
age of 78.19% of the total variance, which is relatively 
large and thus indicates a close dependence between 
variables. The F1 axis (58.64%) indicates that all var-
iables are positively correlated except pH, which rep-
resents the natural mineralization of the aquifer water 
acquired by the elements (Ca2+, Mg2+, Na+, K+, Cl-, HCO3

- 
and SO4

2-), as shown in Fig. 5a. The F2 axis (19.55%) 
shows an opposition of two groups: (i) the positive side 
of the axis (Mg2+, SO4

2-, HCO3
-, TDS and pH) constitu-

ting the pole of sulphates and bicarbonates, and (ii) 
the negative side of the axis (CE, Na+, Cl-, Ca2+ and K+) 
presenting the pole of halite and in perfect agreement 
with the measured conductivity (Dhaouadi et al., 2021). 

For the CI aquifer, the main factorial plane is mostly 
F1–F2 with 82.47% of the total variance (Fig. 5b), which 
is important because the concentrations of ions are in 
appropriate proportion. Indeed, F1 axis holds 57. 31% 
of the variance with a positive pole constituted by (CE, 
Ca2+, Mg2+, TDS, Na+, Cl-, SO4

2-) and another negative 
marked by (pH, K+, HCO3

2-), which represents the impact 
of the dissolution of evaporites on CI water chemistry. 
Meanwhile the F2 axis has 25.16% of variance with a 
positive pole regrouping all the elements except Cl- 
which is at the negative pole. 
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Fig. 4. Piper diagram of CT and CI groundwater samples
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Also, this axis is expressed by a strong positive charge 
on the pH, mainly associated with the precipitation 
of carbonates. The existence of remarkable positive 
correlations is also noted between (TDS, EC, Na+, 
Ca2+, Mg2+, Cl-, SO4

2-) group and (K+, pH, HCO3
-) group, 

reflecting a direct proportionality between these 
elements, while the pH correlates negatively with CE, 
Ca2+ and Cl.

Origin of mineralization and correlation of ions

The origin of Na+ and Cl- ions is attributed to the 
dissolution of halite (NaCl) (Olivier, 2005), as confirmed 
by the group of points that are aligned along Cl-=f[Na+] 
curve (Fig. 6a). These water samples are from both 
aquifers (CI and CT). This is confirmed by the positive 
correlation between chloride and sodium with a 
coefficient of determination (R2) equal to 0.94 for the 

CT and 0.56 for the CI. The correlation in the binary 
diagram (Fig. 6) also shows that both aquifers present 
a set of points mostly below the slope line = 1; in this 
case, there is an enrichment in chlorine, which is more 
important for CI waters. This enrichment in chlorine 
is related to other sources apart from the dissolution 
of halite, and in counterpart, there is a loss in sodium, 
probably related to an interaction of waters with the 
reservoir rock. This loss will be compensated by Mg2+ 
and Ca2+ (Vengosh A, 2003; Kloppmann et al., 2011).

The obtained results convey the hypothesis that these 
waters have the same origin because of the contact 
between the two aquifer systems. However, this 
contact is not total; in fact, it occurs in some places 
with a discontinuous trend which can be directly 
associated directly to fractures or faults affecting the 
layer separating the two aquifers.

Fig. 6. Binary diagram between chemical ions

(a) (b)

(c) (d)
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The correlation in the binary diagram of calcium and 
sulfate ions Ca2+= f[SO4

2-], as shown in Fig. 6b, shows 
that a good number of CI water table samples are 
on or near the slope = 1 line, implying that the origin 
of these waters is from the dissolution of gypsum. 
Besides, the rest of the CI waters are characterized 
by an enrichment in SO4

2- because all the points 
are below the gypsum dissolution line, with a 
characteristic ratio rCa2+/rSO4

2- lower than 1 (Fig. 6b). 

Further, it can be noted that sulfates are more 
dominant in the CT layer than in the IC layer. The 
calcium deficiency is attributed on the one hand to the 
precipitation of minerals in the form of calcite, dolomite, 
and aragonite (supersaturation of carbonates in the 
water) as confirmed by positive saturation indices, 
and on the other hand to the negative values of the 
base exchange index which characterizes part of the 
basin as defined by Schoeller (1962). The waters often 
exchange alkaline earth ions for alkaline ions, and it is 
the clays intercalated between the levels of the aquifer 
that release alkaline ions (Na+ and K+) and fix the 
alkaline earth ions (Ca2+ and Mg2+). It is seen that the 
waters of the two aquifers can be differentiated in two 
clouds with more or less separate points, confirming 
unlike origins of these waters, except that five points 
still suggest the hypothesis of exchanges between the 
aquifer systems. 

The variation of Na+, Mg2+ and K+ concentrations 
as a function of the Cl- anion concentration (Fig. 6c) 
reveals a positive linear correlation with a coefficient 
of determination close to 0.6 for both aquifers (CT 
and CI) and with a cloud of points lying above the 
dilution line of the salts. This confirms an enrichment 
in Na+, K+ and Mg2+ cations, and consequently an 
additional contribution arising from different origin. 
The interference in the cloud of points between the 
two aquifers (CT and CI) confirms the hydrodynamic 
exchanges of these waters.

Furthermore, from the curve illustrating the variation 
of (Ca2+ + Mg2+) concentration vs. (HCO3

- + SO4
2-) 

concentration (Fig. 6d), it is observed that the points 
are distributed on and on either side of the slope line 
1, highlighting the coexistence of two dissolution 
mechanisms. 

This is due to the complexity of the aquifer system 
of the two sheets, since the first is dominated by 
carbonate essentially dolomitic, whereas the second 

mode of dissolution occurs by evaporation (gypsum 
and anhydrite).

The chloro-alkaline indices (CAI) can be positive or 
negative depending on the exchange of sodium and 
potassium in the rock with magnesium and calcium in 
the water and vice versa. It is obtained by the following 
relation (Schoeller H. 1962): 

(1)

Where three cases can be classified as follow: (i) CAI 
< 0: Ca2+ and Mg2+ ions present in the water are ex-
changed for K+ and Na+ ions in the surrounding forma-
tions. (ii) CAI > 0: Na+ and K+ ions from the water are 
replaced by Mg2+ and Ca2+ ions from the surrounding 
formations. (iii) CAI = 0: there is an equilibrium be-
tween the chemical compositions of the water and the 
surrounding formations. 

Fig. 7 depicts the evolution of CAI. It is noted that all 
the studied samples show that two ion exchange 
mechanisms coexist in groundwater such as direct 
exchange and reverse exchange but with a domi-
nance of a positive CAI. 

Fig. 7. Chloro-alkaline index
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These exchanges are elucidated by the relationship 
[(Ca2++Mg2+)–(HCO3

-+SO4
2-)] as a function of (Na++K+–

Cl-) (Dassi, 2004; Garcia et al., 2001) and represented 
in Fig. 8b. This correlation highlights the reactions 
that can exist between clay minerals and water by 
subtracting ions from possible dissolutions of car-
bonate and evaporite minerals. In the absence of 
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exchange, all representative sample points should be 
placed near the origin (McLean et al., 2000), which 
is the case for most of CT waters. However, for CI 
waters, the correlation manifests an inverse pro-
portionality translated by a depletion in (Na++K+) 
accompanied by an increase in (Ca2++Mg2+), and the 
phenomenon is also confirmed by CAI values. Indeed, 
this is the chemical signature of the carbonate and 
clay formations constituting the CI added to the long 
water-rock contact.

The observed ion exchange processes also contribute 
to the increase in the values of the ratio rNa+/rCa2+ 
(Fig. 8a), which is always higher than 1 for both aq-
uifers with some exceptions for the CI. In addition, 
the values of the ratio rNa+/rMg2+ are higher than 1 
for almost all the waters of the CI aquifer, indicating 
the dominance of the halite matrix over the carbonate 
matrix. Meanwhile, the excess of Na+ besides the de-
ficiency of Ca2+ to the benefit of SO4

2- ions, leads to the 
appearance of sodium sulfate facies (Na-SO4).

From the above findings, it can be concluded that the 
waters of the two aquifers present a geochemical 
signature that is influenced by the evaporite matrix, 
notably halite, as well as by the long duration of the 
water-rock contact for CI waters with interferences. 
This confirms the communication between these two 
aquifer systems (Hamed et al., 2018). 

(a) (b)

Fig. 8. Correlation diagram: (a) Na- vs. Ca2+, (b) [(Ca2+ + Mg2+)–(HCO3
- + SO4

2-)] vs. (Na++ K+– Cl-)

In the diagram representing the weathering of dolo-
mite and gypsum (Fig. 9a), it should be mentioned 
that the dissolution of (Mg2++Ca2+) in groundwater is a 
major key to understanding the dolomite source rock 
under moderate TDS conditions.

If, however, the ratio of [(Mg2+)/(Ca2++Mg2+)] approach-
es 1, it is very likely that Ca2+ has been removed 
from the solution and this process is commonly re-
ferred to as dedolomitization. Hounslow (2018) sug-
gests the following cases upon the value of [(Mg2+)/
(Ca2++Mg2+)]: (i) = 0.5 reflects the dissolution of gyp-
sum; < 0.5 for limestone-dolomite alteration; > 0.5 
indicates the dissolution of dolomite alongside the 
precipitation of calcite.

From Fig. 9b, it is observed that in most CI waters 
samples, the values of the ratio are equal or lower 
than to 0.5, indicating the occurrence of two chemi-
cal processes within this reservoir including gypsum 
dissolution and/or limestone-dolomite alteration. 
Meanwhile, for most CT waters, this ratio is superior 
to 0.5, which means dissolution of dolomite and preci-
pitation of calcite. The note in this diagram (Fig. 9a) re-
veals the appearance of two distinct clouds of points, 
at the bottom of the line [(Mg2+)/(Ca2++Mg2+)] = 0.5 
representing the waters of the CT aquifer and at the 
top corresponding to the waters of the CI with a few 
points of CT waters. This implies an ascending supply 
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Fig. 9. (a) Diagram for dolomite weathering type, (b) diagram for gypsum weathering type
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of the CT aquifer by the waters of the CI, through local 
cracks and fractures.

Also, by applying the Hounslow equation, the gypsum 
type source rock can be deduced according to the ca-
tegories of the [(Ca2+)/(Ca2++SO4

2-)] ratio: = 0.5 for gyp-
sum dissolution; < 0.5 and pH < 5.5 for the oxidation of 
pyrite or ion exchange; < 0.5 and pH = neutral for the 
precipitation of calcite; > 0.5 for calcium sources other 
than carbonates and gypsum or silicates.

In Fig. 9b, two processes may occur, namely ion 
exchange or calcite precipitation. This rule applies 
to both aquifers (CI and CT) with some exceptions of 
gypsum dissolution for CI waters. However, the do-
minance of gypsum dissolution can be noted in both 
curves (Fig. 8b) and specifically for CI waters, and con-
sequently the possible occurrence of water-anhydrous 
formation interactions of the Neocomian constituting 
the bedrock of the CI water table in the study area.

Geochemical modelling

The saturation index (SI) expresses the degree of 
chemical equilibrium between water and mineral 
in the aquifer matrix, and is considered as a meas-
ure of the dissolution and/or precipitation process 
for water-rock interaction (Drever, 1997). Using the 

geochemical program PHREEQC (Plummer et al., 
1976) and the Aquachem software, the saturation 
index for anhydrite, aragonite, calcite, dolomite, gyp-
sum, and halite has been calculated using equation 
(2), and the results are given in Table 3.

SI Mean Max Min SD

Aragonite 0.1475 0.77 -0.62 0.40291755

Calcite 0.29083333 0.91 -0.47 0.40142742

Dolomite 0.80916667 2.11 -0.87 0.88234657

Anhydrite -1.05479167 -0.74 -1.44 0.16880039

Gypsum -0.83520833 -0.52 -1.22 0.16895158

Halite -5.46854167 -4.88 -5.86 0.25250228

Table 3. Saturation indexes of minerals in groundwater, with statisti-
cal summary using PHREEQC

The saturation Index (SI) of the selected mineral phase 
(degree of saturation, default value 0) is defined by the 
following equation:
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Fig. 10. Correlation of saturation indexes: a) halite vs. (Na++Cl-); b) gypsum vs. (Ca2++SO4
2-); c) dolomite vs. (Ca2++Mg2++HCO3

-); d) calcite vs. (Ca2++HCO3
-)

(2)

Where: IAP is the ion activity product for the given 
material and KT is the reaction constant at the given 
temperature. If SI > 0, the solution is supersaturated 
for the mineral phase. If SI < 0, the solution is below 
saturation of the specified mineral phase. If SI = 0, 
the solution is in equilibrium with the specified mi-
neral phase.

The results for all the analyzed groundwater samples 
(Table 2) show that the water is always undersaturated 
in anhydrite, gypsum, and halite; meanwhile, it 
presents an oversaturation in aragonite, calcite, and 
dolomite with some exceptions of undersaturation. 
The saturation index of mineral species indicates that 

only carbonates tend to precipitate mainly as dolomite. 
This is because of their low equilibrium constants 
leading to rapid precipitation of these minerals in the 
water. However, the evaporated minerals are always 
undersaturated, due to their high equilibrium constant 
values, which allows the evaporated elements to 
coexist at high concentrations in water.

Fig. 10a and 10b, illustrating the strong correlations 
between the saturation index of the waters for halite/
gypsum as a function of (Na++Cl-)/(Ca2++SO4

2-), 
support the hypothesis of the evaporites dissolution 
in the waters of the two aquifers (CT and CI). Thus, two 
distribution modes of the scatter plot in Fig. 10b can 
be highlighted: (i) individualizing the hydro-chemical 
signature of each type of aquifer, but with a slight 
saturation of the waters of the CI aquifer compared 

(a) (b)

(c) (d)
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to that of the CT waters, given the long stay of these 
waters in the reservoir; (ii) some interference of the 
CT in the CI waters relative to the same origin, thereby 
explaining the existence of a probable interconnection 
between these aquifers.

Meanwhile, the absence of clear correlations be-
tween the saturation indices of calcite as a function 
of (Ca2++HCO3

-) (Fig. 10d) and dolomite as a function 
of (Ca2++Mg2++HCO3

-) (Fig. 10c) confirms the hypoth-
esis of non-dissolution of these carbonate minerals, 
despite the few cases of undersaturation observed 
mainly for the CI waters.

Conclusion
This study showed that the waters of the aquifer sys-
tem in Ouargla are composed of sodium chloride and 
calcium sulfate chloride facies. The principal compo-
nent analysis proved the strong correlations between 
Na+ and Cl- for both aquifers, which is attributed to 
the dissolution of halite. Indeed, the evaporite ma-
trix, and more particularly the halite, gives the water 
a dominant sodium chloride facies, with a coefficient 
of determination R2 (Na++Cl-) = 0.94 for the CT waters 
and 0.56 for the CI waters. The coefficients of deter-
mination R2 (Ca2++SO4

2-) are found to be low with an 
enrichment in sulfates and a depletion in calcium for 

most of the samples. This process is elucidated by 
the basic exchanges with the clay matrix and the pre-
cipitation of carbonate minerals. Consequently, two 
mechanisms of ion exchange coexist, namely direct 
and reverse exchanges.

Moreover, the phenomenon of dedolomitization is 
present, caused by the irreversible dissolution of sul-
fates accompanied by the dissolution of dolomite and 
calcite precipitation. However, the good correlations 
between the saturation indices of the waters for halite 
and gypsum, as a function of (Na++Cl-) and (Ca2++SO4

2-) 
respectively, support the hypothesis of the dissolu-
tion of these evaporites in the waters of both aquifers 
(CT and CI). Besides, the absence of correlations be-
tween the saturation indices of calcite, as a function 
of (Ca2++HCO3

-) and dolomite as a function of (Ca2++ 
Mg2++HCO3

-), confirms the hypothesis of non-dissolu-
tion of these carbonate minerals despite the few cases 
of undersaturation observed mainly for the CI waters.

Generally, the waters of the aquifer system of the 
studied area belong to the same geochemical family, 
with the observation of interference between the two 
aquifers. This may indicate the presence of an inter-
connection between these waters, nonetheless this 
contact is not global but is found in some places. Such 
discontinuity in the interaction between the studied 
waters can be directly associated with the fractures or 
faults affecting the layer separating the two aquifers.
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