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Abstract : In order to determine the factors and the mechanisms which control the chemistry and the salinity of the waters of Sidi
Boughaba Lake, the waters of the lake environment and those taken from a well near the lake, we subjected these waters to a hydro-
chemical control at a trimestrial sampling rate. The analyzes revealed a basic pH between 8.38 and 9.03, an electrical conductivity in the
range of 12.40 to 17.41 mS/cm and high Sodium and Chloride contents up to the respective values of 3698 mg/L and 6625 mg/L for the
waters of the lake on the one hand, and a neutral pH and a low mineralization for those of the wells, on the other hand. The results’ projec-
tion on the Piper Diagram revealed the presence of a hydrochloric-sodium facies for the lacustrine waters and a mixed facies for those of
the wells. The comparison between the chloride content with the rest of the main elements and the increasing levels of Sodium and Chlo-
rides mentioned above shows that the hydrochemistry of the lake’s water is due to the effect of marine spray, evaporation’s cycles, while
the Ca2+ - Mg2+ exchange is due to the water-carbonate interaction, and Na+ - Ca2+ or Na+ - Mg2+ exchange is due to the basic exchanges,
and the sulphates’ reduction. The calculation of saturation indices revealed that Sidi Boughaba Lake waters are under-saturated with
evaporite minerals (halite, gypsum and anhydrite) and supersaturated with carbonate minerals (calcite, aragonite and dolomite).

Index Terms: Hydro-chemistry, Kenitra, Marine intrusion, Morocco, Sidi Boughaba Lake.
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1  INTRODUCTION:

he lakes of the endorheic basins are frequently affected by
salinization, especially in arid zones. Two types of config-
urations which could lead to salinization of these types of

environment have been distinguished. The first one occurs
when the water’s volume lost by evaporation is greater than
the fresh waters volume entering the lake. The other configu-
ration is manifested through the case of salt water supply.
These flows may have a natural origin, as in the case of the
salinization of the Lake of Tiberias [1],[2]. On the other hand,
the salinization of Salton Sea Lake by irrigation water illus-
trates the example of an anthropic origin of the salinity [3].
Other processes are involved in the phenomenon of both lakes
and wetlands’ salinization:
- The modification in the incoming flows’ composition [4];
-The accumulation of marine aerosols on an exposed continent
[5],[6];
- The mixture with residual seawater [7],[8];
- The rise of hydrothermal fluids [9].
 In  this  work,  we  are  trying  to  determine  the  origin  of  the
strong mineralization of the Ramsar site "Lake Sidi Boughaba"
located in Kénitra.

2 MATERIALS AND METHODS OF STUDY
2.1 Description of the study area:
The lake of Sidi Boughaba is located on the Northwest Atlan-
tic coast of Morocco (N 34 ° 24 ', W 06 ° 67'), with 10 km south
of Kénitra and 1 km from the coast (Figure 1). It is bounded to
the north by Sebou river estuary, to the south by the Marabout
of Sidi Boughaba, to the east by a consolidated dune system
and to the west by another motive. It is oriented NNE-SSW
and extends over 5.5 km in length and 100-350 m in width
[10].
The banks of the lake are covered by dense vegetation which
is composed of Juniperus phoenicea, Olea europea, Pistacia
lentiscus, Myrthus communis and Populus alba [10]. The lake
has been classified as a Ramsar site since 1980 thanks to the
importance of its avifauna, which has attracted the attention of
many researchers [11],[12],[13]. Its fauna is also characterized
by its diversity and richness [14],[15],[16].The surface water
level  of  the  lake  environment  depends  on  the  precipitation
and groundwater flowing towards the ocean in a north-
westerly direction [17]. The aquifer’s mineralization is esti-
mated to be about 600 mg/L [18],[19],[20], which becomes
more important under the effect of evaporation [21]. The la-
custrine waters are characterized by a salinity of about 3 to 27
g/L [22], an alkaline pH, a temperature between 15 and 34 ° C
and a high content of dissolved oxygen mostly above satura-
tion [23],[22].
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2.2 Sampling, preservation and analysis of samples
23 out of 25 lake water samples were taken from 06 stations in
this study (S1, S2, S3, S4, S5 and S6) during 4 sampling cam-
paigns, as well as 2 samples of well water (EP) were also taken
from a well in the vicinity of the studied site. The temperature,
pH, and electrical conductivity were measured "in situ" by the
use of a Thermometer incorporated in the 3110SET 2, WTW
pH meter, a 3110SET 2, WTW and A Cond Conductimeter
Cond 3110SET 1, WTW. The Na, Mg, Ca, Na Cations were
measured by VARIAN Atomic Absorption Spectrophotometer
and the anions were measured by ion chromatography Dionex
ICS 2000 version at the National Institute of Hygiene. The
samples were filtered through a 0.45 μm filter, and those for
the cation assay were acidified with the nitric acid in order to
avoid adsorption and precipitation of the chemical elements
and  were  stored  in  (+4  °  C).  They  were  analyzed  as  soon  as
they arrived in the laboratory [24].
3 RESULTS AND DISCUSSION
3.1 Chemistry of the waters of the lake and those of the
underground water table
The lake water is characterized by a temperature ranging from

19.46 to 21.55, the basic pH oscillates between 8.38 and 9.03,
the high chloride and sodium contents and an electrical con-
ductivity are between 12.40 and 17.41 mS/cm which can be
attributed generally to marine intrusion [25] and major ele-
ment concentrations with marked variation over the study
period, with the following values: Chlorides (5007-6625
mg/L), Sodium (2526-3698mg/L), Calcium (47-163mg/L),
Potassium (39-58mg/L), Sulfates (140-1091mg/L), Magnesium
(271-485mg/L), Bicarbonates Strong salinity and high levels of
chlorides and sodium reflect typical values of those found in
seawater [26],[25],[5],[6] as well as their concentration by the

high number of evaporation cycles that the lake has experi-
enced since its generation [27],[6]. The latter dates from about
4570 ± 110 BC [28] or from a marine intrusion
[29],[30],[25],[31],[32]. On the other hand, wells’ water has a
low electrical conductivity of the order of 1.4 mS/cm and low
levels of Chlorides (185 mg/L), Sodium (129 mg/L), Bicar-
bonates (329 mg/L) Sulfates (75 mg/L), Magnesium
(22mg/L), Calcium (143mg/L) and Potassium (10mg/L). The
low mineralization and the low levels of chlorides and sodium
in groundwater are not the result of marine intrusion.

3.2 Hydrochemical Facies
For the interpretation of water chemistry, we used the Piper
diagram, which is composed of two triangles representing the
cationic and the anionic facies and a lozenge synthesizing the

TABLE 1
THE HYDRO-CHEMICAL PARAMETERS (AVERAGE AND STANDARD DEVIATIONS) OF THE LAKE WATER AND THE UNDERGROUND

WATER TABLE.

Fig 1: Descriptive Map of the Sidi Boughaba Lake Wetland

Fig 2: Chemical facies of the waters of Sidi Boughaba Lake and that of

the underground water table.
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global facies [33]. The lake and wells water analyzes on this
diagram shows some superposition and clustering which are
due to the low variability of the concentrations from one
measurement station to another. Only the point representing
the water table significantly deviates from it. It follows that the
lacustrine waters are chloride-sodic while that of wells present
a mixed facies (Figure 2).

3.3 Hydro-chemical results
To better understand the process of mineralization of the lake
waters, we have represented the major elements according to
the chlorides. The latter is a conserved element which does not
participate in rock water interactions. It characterizes the
origin of the salinity of the waters and constitutes a tracer of
mixture [34],[25].
Figure  3  shows  the  relation  between  the  chlorides  and  the
major elements (SO42-, Ca2+, Mg2+, Na+ and  K+) of the six sta-
tions and the well water. The arrangement of the different

points with respect to the freshwater-salt water mixing line
may be of great utility in identifying the other phenomena
which are appended to the mixing process. The water taken
from the various stations generally shows an enrichment of
HCO3- and a depletion of Ca2+, Mg2+, Na+, K+ and SO42-.
The relationship between Na+ and Cl- (Fig. 3a) shows that the
representative points of the group V with a few representative
points of group I and group III are on the mixing line indicat-
ing the presence of the freshwater-salt water mixing process
without the reactions of ionic exchanges [35],[36]. The repre-
sentative points of group IV are below the line of the mixture
freshwater-salt water indicating sodium depletion
[35],[36],[37],[38]. The Na+ deficit is explained by the phenom-
enon of  reverse ion exchange between water and aquifer  and
resulting in Na+ adsorption and Ca2+ release
[35],[36],[38],[39],[25],[32]. Some representative points of
group  III  are  above  the  line  indicating  sodium  enrichment
which can be explained by the first type of ion exchange
[40],[39].
The correlation diagram between Mg2+ and Cl- (Fig.3b) shows
that the points are often below the freshwater-salt water mix-
ing line. This could be explained by the depletion of Mg2+, by
the phenomenon of water - rock interaction as dolomitization
[35].
The diagram Ca2+ -Cl- (Fig. 3c) shows that virtually all of the
points  lie  below  the  line  of  soft-salt  mixing  except  for  two
points in group III. Calcium depletion can be explained by the
precipitation of calcium carbonates, which is due to evapora-
tion and photosynthetic activity, since calcite is the first min-
eral that is beginning to precipitate [41] and enrichment is
explained by cation exchange [40]. The reduction of sulphates
facilitates, under anaerobic conditions, the formation of bicar-
bonates, which precipitates calcium carbonates and removes
carbonates from the solution [42].
Figure SO42- and Cl- (Fig.3e) shows that the majority of points
are below the freshwater-salt water mixing line with the ex-
ception of a few points, which could be explained by a reduc-
tion in Sulfates [42] and verifying the marine origin of waters
[43].
The graph HCO3- and  Cl- (Fig.3f) shows that the majority of
points are above the freshwater-salt water mixing line. This
enrichment  in  bicarbonates  is  due  to  the  reduction  of  sul-
phates [42], Bicarbonates, Calcium and Magnesium. They are
controlled by the precipitation of calcite which is itself induced
by photosynthesis [44].
The relationship between K+ and  Cl- (Fig. 3d) points out that
the  majority  of  points  are  below  the  mixing  line  except  for  a
few points approximating this line showing that the most
probable origin is rather marine [35],[25].

3.4 Geo-chemical modulation
To understand the geochemistry of sidi boughaba lake, a sim-
ulation  using  the  PHREEQC  code  [45]  was  performed.  This
code makes it possible to calculate the mass balance of the
aqueous solution of sidi Boughaba Lake. This simulation made
it possible to calculate the saturation indices (SI) and to ap-
proach the speciation of the minerals. This made it possible to
evaluate the saturation state of the water which controls the

Fig 3 : Correlations between the Chlorides with the following major ele-
ments (a) Sodium (b) Magnesium (c) Calcium (d) Potassium (e) Sulphates
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chemistry  and  the  state  of  equilibrium  with  the  solid  phases
[46].
Generally, the water-rock equilibrium is reached when IS = 0.
If IS> 0, water is supersaturated, precipitation of minerals is
necessary  to  achieve  equilibrium;  if  IS  <0,  water  is  under-
saturated, dissolution of minerals is necessary to achieve equi-
librium [47], so these minerals control the chemistry of these
waters.
The significant results of all lake water samples and that of the
underlying water table (Table 2) show that the lake waters are
saturated with calcite, dolomite and aragonite, unsaturated
with respect to gypsum and anhydrite.
The calculation of the mineral saturation index in water indi-
cates that only carbonate minerals tend to precipitate mainly
as calcite, aragonite and dolomite.

4  Conclusion:
The waters of Sidi Boughaba Lake are characterized by a basic
pH, and a strong variation of the mineralization which in-
creases from the center towards the two extremes north and
south especially during the summer. The conductivity is gen-
erally high oscillating between 12.40 and 17.41 mS/cm. The
most heavily loaded areas are the northern and southern ends
where the depth of the water table is low.
The projection of the results on the Piper Diagram showed
that the lacustrine waters present a chloride-sodium facies,
while the well waters present a mixed facies.
The use of correlation diagrams between chlorides and other
major elements led us to suggest that high conductivity values
and  chlorides  are  probably  due  to  the  exposure  to  marine
spray from its neighboring location to the sea and the repeti-
tion of a high number of evaporation cycles as well as oxida-
tion-reduction and dissolution-precipitation reactions which
modify the hydrochemistry of the waters. The most notable
processes are sulfate reduction, Ca-Mg dissolution-
precipitation and Na-Ca and Na-Mg basic exchange.

On the other hand, well water is characterized by a neutral
pH, a low mineralization expressed by an electrical conductiv-
ity of the order of 1407 μS/cm, low chloride and sodium con-
tents. This rejects the hypothesis of Salinization of lacustrine
waters by a marine intrusion into the underlying water table
supplying the lake.
This  study  shows  that  the  waters  of  the  lake  are  under-
saturated with evaporite minerals (halite, gypsum and anhy-
drite) and supersaturated with carbonate minerals (calcite,
aragonite and dolomite).
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