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Context

Brines in sedimentary basins are related to evaporites.

Evaporites: sediment deposited from natural waters that
have been concentrated as a result of evaporation
(Ingebritsen et al., 1998) in semi arid to arid area.

Their deposit is mined for salt which

Constitutes economically important minerals like: gypsum,
halite, natron, mirabilite and other.



The genesis of these deposits is controlled by many
aspects such us:

 Hydrological condition,

 The sedimentological framework,

 Chemistry and mineralogy of brine.



PurposesPurposes

• Modelling by PHREEQC using data base PITZER during
evaporation

• To understand the hydrological and hydrochemical
processes of the sebkha.
• Solute Mass balance is developed:

 To follow the concentration of brines through time
 To define the role of water outflow (evaporation)
and water inflow (rain).

To characterize the geochemical evolution of brine and salt
minerals



StudyStudy area: Sebkha of Oumarea: Sebkha of Oum
LekhialetteLekhialette



Fig.1: Map of the study zone: Sebkha Om Khialate
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Sebkha Oum ElSebkha Oum El KhialetteKhialette (South East of(South East of TunisiaTunisia) (Eco) (Ecorressource, 2007)

S= 52 KmS= 52 Km²²



Map of hydrographical network

P=104 mm/ year
ETP= 1100mm/ year

Surface runoff=
400 000 m3/year
600 000 m3/year



Gypsum, dolomite, quartzMestaoua evaporitic
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Gypsum, Quartz, calciteQuaternary encrusting

Quartz, gypsum, dolomite, illite and kaoliniteDune deposits

Mineralogy compositionFormations

Geological map of sabkha Oum El Khialette (Ecoressources, 2007)



ConceptualConceptual model of the sebkhamodel of the sebkha



Conceptual model of input and output
flows in hydrologically system

Qp QE

QS

Qin Qout

Qp: average rainfall, QS: surface runoff ( continental water inflow: river);
Qin: inflow; Qout: outflow to aquifers; QE: evaporation out-flow; P: precipitated
minerals.



Component of the water and solute budget
of the sabkha (S=52 km²)
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Where:
V: volume of the system (m3) : V= S*e*Ө (S: area of the study area=52 km²,
e: thickness= 6.71m, Ө: porosity=0.4).
Qp is average rainfall (L3/T), Qout is average outflow (L3/T), Qin is average inflow
(L3/T), and Qev is evaporation rate (L3/T)

Water mass balanceWater mass balance

SoluteSolute mass balancemass balance

PtCQCQCQCQVtC
dt

d
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Cp: is average solute concentration in the rain (M/L3), C: is average solute
concentration in outflow (M/L3), Cin: is average solute concentration in inflow
(M/L3), Cs: is average solute concentration in the runoff (M/L3), P: Mineral
precipitation



EEvv= 1100 mm/= 1100 mm/yearyear
P= 200mm/P= 200mm/yearyear

EEvv= 1106 mm/= 1106 mm/yearyear
P= 104mm/P= 104mm/yearyear
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Evolution of brines for various climatic conditions



Hypothesis

V= constant 0)(  outevpin QQQQ

pevoutin QQQQ 

Qp= β (P*S) et Qev =  (ET0*S)

Where S: surface of the study area, P: precipitation or rain, ET: evapotranspiration
Β: rate of infiltration
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Figure.Figure. Sensitivity testSensitivity test



Hydrochemical characteristics and brineHydrochemical characteristics and brine
evolution pathsevolution paths
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Table. Major Ion concentrations of inflow waters and basin center samples
brine in Sebkha Oum El khielette. All units are in mg/l



Fig. Dry residue for samples of sabkhaFig. Dry residue for samples of sabkha
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Fig. Piper plot of groundwater samples in central and at the margin of sebkha



Modelling:Modelling:

 PHRQPITZ was used to obtain aqueous speciation and
to calculate mineral saturation indices for water
samples.

 It permits to calculate geochemical reactions in brines
of low to high ionic strength and at different stages of
temperature.

 The evaporating steps were performed at different
steps of temperature of 25 °C to 0°C

To follow the mineral precipitation sequence in
sebkha of Oum El Khialate
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Conclusion

The geochemical composition of different samples in
sebkha of Oum EL Khielette:

A major water type Na-SO4-Cl in central of sebkha and Na-Mg-Cl-
SO4or Na-Mg-Ca for samples situated in the margin of the sebkha.

The simulation of the brine evaporation process was carried
out using PREEQC included data base Pitzer geochemical
equilibrium-reaction model.

The sequence of minerals precipitation’s is controlled mainly
by evaporation.

A hydrological analysis show the importance of evaporation
on brine evolution.



Also mineral-brine reactions are important during the
process of evaporation.

The mixing is another process to be considered after.



Perspectives

Based on a conceptual model:

 Genesis of brine through the paleoclimatic
condition

 Coupled modelling hydro-geochemical will be
proceed using GEODENS (code developed by
Bouhlila, 1999) or Hydrus 3D-PHREEQ PITZER.



Thanks for your intention


