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El-Bahariya Oasis is a natural topographic depression located in the heart of the 

Western Desert of Egypt. The Nubian sandstone aquifer represents the main water-

bearing horizon. The hydrochemical characteristics of this aquifer are studied based 

on the chemical analysis of 125 groundwater samples collected from different sites. 

The salinity of the groundwater is relatively low (TDS vary from 108 to 632 ppm), as 

well as the electric conductivity and total hardness. The recorded groundwater 

temperature values, from the Nubian sandstone aquifer range between 15 to 45°C. 

The variation in temperature may be due to structures or differences in drilling 

depths. 

The TDS, TH, major cations (Ca
2+

, Mg
2+

, Na
+
, and K

+
), and major anions ((HCO3)

-
, 

(SO4)
2-

, and Cl
-
) show general increasing from south to north. The hypothetical salt 

combinations in the studied area revealed the presence of different salts arranged in 

terms of their order predominance as NaCl, Ca(HCO3)2, MgSO4, Mg(HCO3)2, KCl, 

Na2SO4, NaHCO3, MgCl2 and CaSO4 where their average equivalent percentage are 

31 %, 20 %, 14 %, 11 %, 10 %, 7%, 3 %, 2 % and 2 %, respectively. 

Water types are classified into chloride, sulphate, and bicarbonate which reflect that 

all collected groundwater samples lie in the range of normal chloride water, normal 

sulfate water, and under carbonate water classes, respectively. The Hydrochemical 

classification reflects a high concentration of sodium, chloride and bicarbonate ions, 

indicating that the dominant salts are sodium chloride, and sodium bicarbonate. Most 

of the samples having sodium-chloride surplus facies. Hydrochemical Parameters are 

used for identification of groundwater bodies, based on and confirmed by 

hydrogeochemical indicators such as ionic ratios. These ratios are helpful in detecting 

the previous hydrochemical processes affecting water quality such as mixing, leaching 

and ion exchange and could be used for comparison with other sources or reservoirs. 

 

Keywords: Hydrochemistry - Nubian sandstone aquifer - El-Bahariya oasis 

- Western Desert. 
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INTRODUCTION 

El-Bahariya Oasis is a natural topographic depression located in the 

Western Desert of Egypt. It is located between latitudes 27° 48΄ and 28° 30΄ 

N and between longitudes 28° 35΄ and 29° 10΄ E, about 370 km southwest 

of Cairo and about 190 km west of Samalut town at the Nile Valley. It 

covers an approximate area of 1800 km
2
. The depression of the Oasis is oval 

in shape. It is entirely surrounded by escarpments, where its major long axis 

trending NE-SW direction, with a narrow blunt pointed extension at each end. 

The groundwater quality in the study area is characterized by the 

concentration of its major constitutes which obtained from the results of 

chemical analysis of the collected groundwater samples. The physical 

properties such as the total hardness (TH), the hydrogen ion concentration 

(pH) and the electrical conductivity (EC) play important role in the 

groundwater quality. 

The groundwater types will be classified to chloride, sulphate, and 

bicarbonate. The studies of different hydrochemical facies as well as the 

groundwater genesis and types are very important in El-Bahariya Oasis area, 

where it represents the main water supply in the area. 

Geologyical Setting 

A brief description of the stratigraphic section in El-Bahariya Oasis 

(Fig. 1 and table 1) starting from base to top according to the subsurface 

succession (Moustafa, et al., 2003) is as follows: 

1- Pre-Cambrian Basement Rocks; they are composed of dense, grey 

metamorphosed andesite, matrix made of fine grained altered feldspar, 

chlorite and magnetite. 

2- Cambrian Rock; they are sedimentary section of 458 m thick rests upon 

the metamorphosed igneous basement and composed of intercalated 

siltstone, sandstone, and clay. 

3- Cretaceous Rocks; a section of 660 m lies on top of the Cambrian 

deposits of undifferentiated sandstones, sands and clays intercalated 

with each other. They are divided into four formations from base to top 

starting by El-Bahariya Formation (Lower Cenomanian); El-Heiz 

Formation (Upper Cenomanian); El-Hefhuf Formation (Campanian-

Turonian); and Khoman Formation (Maastrichtian) (Fig. 2).  

4- Paleocene Rock; they are represented by Tarawan Chalk (Lower 

Paleocene) and Esna Shale (Upper Paleocene-Lower Eocene). 
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5- Eocene Rocks or the Eocene limestone rocks; they form the eroded 

plateau surface surrounding El-Bahariya depression and some of the 

isolated hills within it. The Eocene strata rest unconformably on the 

Upper Cretaceous rocks. It consists of Farafra Formation; Naqb 

Formation (Lower Middle Eocene); Qazzun Formation (Upper Middle 

Eocene); and El-Hamra Formation (Middle-Upper Eocene). 

6- Tertiary Rocks; they are represented by volcanic rocks and Qatrani 

Formation. 

7- Quaternary deposits (Surface deposits); they vary and are represented by 

aeolian sands; sabkhas, salt deposits, and playa deposits. 

Table 1: Composite stratigraphic section of El-Bahariya Oasis (Compiled from 

Said 1962). 

Age Rock Unit 
Thick. 

(m.) 
Lithology 

Early Miocene 
Basalt flows and 

sills 
20 Olivine basalt 

Oligocene 
Radwan 

Formation 
40 

Dark brown ferruginous grits and 

sandstones 

Unconformity 

Middle & Late 

Eocene 

El-Hamra 

Formation 
63 

Limestone with clastic intercalations 

forming reef like structures with inward 

dips of 10-40° 

Middle Eocene Qazzun Formation 32 
White limestone with ball like 

concretions of hard dolomitic limestone 

Unconformity 

Middle Eocene 

Naqb Formation 

(= Ghorabi iron 

ore Member) 

68 Pink limestone forming isolated hills 

Unconformity 

Early 

Maastrichtian 
Khoman Chalk 25 

Chalk and limestone beds with hard 

dolomitic limestone band at the top 

Campanian 
El-Hefhuf 

Formation 
120 

Dolostone and sandstone with sandy 

clay intercalations 

Unconformity 

Late 

Cenomanian 
El-Heiz Formation 30 

Clastics with carbonate interbeds and a 

dolostone member at the top 

Cenomanian 
El-Bahariya 

Formation 
170+ Variegated, cross-bedded sandstone 
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Fig. 1: Stratigraphic section of El-Bahariya-1 Exploratory Well (BOX-1) (checking after 

Devon Energy Egypt Companies after Moustafa et al., 2003)). 

Hydrogeological Setting 

The Nubian Sandstone represents the main water-bearing horizon in 

the studied area. It consists of continental elastic sediments, mainly 

sandstone alternating with shale and clays. The groundwater system in the 

studied area is hydraulically connected to the surrounding and the underlying 

aquifers through good pathways or channels that permit upward leakage. 
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Accordingly, the Nubian sandstone aquifer in El-Bahariya Oasis is described as 

a multilayered artesian aquifer that behaves as one hydrogeologic system. 

The groundwater bearing horizons in the investigated area follow 

two aquifer systems. These are, from top to bottom (Khalifa, 2006): 

a) The Post-Nubian sandstone aquifer system, which occurs north of latitude 

26° in the Western Desert (CEDARE, 2001). It is composed of marine 

sediments; mainly consist of clay, marl and limestone overlain by 

continental clastic sediments. 

 

Fig. 2: Geological map of El-Bahariya Oasis (after El-Akkad and Issawi, 1963). 
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b) The Nubian sandstone aquifer system represents the main water-hearing 

horizon in the studied area (Fig. 3). It consists of three units namely 

Cenomanian water-bearing horizon (0-705 m), Pre-Cenomanian water-

bearing horizon (705-1355 m), and Cambrian water-bearing horizon 

(1366-1823 m) (Himida, 1964 and Diab, 1972)  
 

 

Fig. 3: Tentative geological cross section E-F in the studied area based on well logs 

correlations (Sawires, 2010). 

 



Evaluation of Hydrogeochemical Parameters of The Groundwater in El-bahariya….   7 

 

Table 2: Hydrologic data of water wells penetrating the Nubian sandstone 

aquifer in El-Bahariya Oasis during the year 2009 (Hamdan and 

Sawires, 2011). 

No. Well Name Locality 

Total drilled Depth  

from ground surface 

(m) 

Piezometric 

Surface (msl) 

1 Dedela 

El-Qasr 

806 123 

2 Barakat 834 125 

3 Al Maftela 1056 120 

4 Ain El-Seir 1063 112 

5 Embash 250 122 

6 Madi 345 127 

7 Ain Hamra 
Mandisha 

770 108 

8 Alghaba Alqeblia 391 105 

9 Al Magaria 
El-Zabu 

1054 95 

10 Ain El-Qasr 1065 90 

11 Qassa 1 
El-Qasaa 

780 95 

12 Qassa 2 1102 120 

13 Ain Gedid 
El-Harra 

974 121 

14 Ain Abu El-Ez 780 126 

15 El-Qarra 

El-Heiz 

 

1147 148 

16 El-Sheikh 1152 149 

17 Sayed Ahmed 347 141 

18 Ain Gomaa 371 143 

19 Abohoil Elghfer El-Bawiti 145 100 

 

METHOD OF STUDY 

The present study is based on the physical and chemical analysis of 

125 water samples (Fig. 2) collected by REGWA Company during the 

period from May 2003 to May 2008 from different localities along the 

studied area. The water samples were collected from wells only after 

sufficient time of pumping to insure that the sample represents the original 

groundwater source. The suspended matters are separated by filtration. 

Groundwater temperature, Electric Conductivity (E.C), and the Hydrogen 

Ion Concentration (pH) were measured in the field after collection directly.  
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The collected water samples were subjected to various chemical analyses 

including the determination of the total dissolved solids (TDS), pH, EC and 

the concentration of Ca
++

, Mg
++

, Na
+
, K

+
 cation and HCO3

-
, SO4

--
, and Cl

-
 

anions. Different methods and instrument were used in chemical analyses of 

the water samples as Flame photometry, Spectrophotometry, and Volumetric 

(titrimetric) analysis. 

RESULTS AND DISCUSSION 

Physical properties of the groundwater 

Groundwater temperature is the result of various heating processes. 

It is recognized as one of the most important factors in the field of 

groundwater-quality control. It influences almost every physical process and 

property of water that takes place, most chemical reactions, and above all 

the biologic organisms existing in the aquatic community.  

The recorded groundwater temperature values, from Nubian 

sandstone aquifer in the study area, range between 15°C (Well sample no. 

71 Fig. 4) to 45°C (Well sample no. 48 Fig. 4) (Table 3). The variation in 

temperature may be due to differences in drilling depths (Table 2) where the 

total depth varies from 145 to 1152m.  

Geochemical composition of the groundwater 

Total Dissolved Solids (TDS)  

The TDS values of groundwater in the Nubian Sandstone aquifer in 

the studied area (Table 3) range from 108 ppm (Well no. 112) to 632 ppm 

(Well no. 107). All the groundwater samples are fresh water (Davis & 

Dewiest, 1966; Hem, 1970). 

The TDS distribution contour map of the studied area (Fig. 5) shows 

general increases toward the northern part of the oasis and decreases toward 

the southern part; this may be due to: 

1) the change in lithology and structural pattern in water-bearing formations 

(clay content between saturation zones increase in that locations by 

absorbing some elements leading to increase water salinity).  

2) the slow movement of groundwater and the long distance from the 

southern to the northern parts. 

3)  due long residence time of groundwater. 
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Fig. 4: Location map of the drilled wells along the study area. 

 

The Water Hardness 

The total hardness-values vary from 51 ppm at well sample no. 119 

to 230 ppm at well sample no. 102. According to the TH classification, 82 

% of the groundwater samples are in the range of slightly hard water class, 

14% are moderately hard water, 2% are very hard water, and 2% are soft 

water. The predominance class is the slightly hard water. 
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The distribution contour map (Fig. 6) indicates that the northern part 

of the study area is characterized by high total hardness relatively compared 

with the southern part. This is related to the presence of high calcium and 

magnesium concentrations along the northern fringes from leaching 

processes of carbonate and sulphate minerals (calcite, dolomite, gypsum and 

anhydrite).  

Major cations concentration and distribution 

Calcium concentrations range between 4 ppm (Well sample no. 13) 

and 35 ppm (Well sample no. 102). From the hydrochemical profile (Fig. 8) 

it is evident that there is an increase toward the northeastern direction 

especially in El-Harra, El-Qasaa, and El-Gedida iron mines localities. This 

is comformable with the TDS map. 

Magnesium concentrations vary from 0.81 ppm (Well sample no. 

112) to 34.71 ppm (Well sample no. 102). The magnesium ions as detected 

from the hydrochemical profile (Fig. 8) is conformable with the previous 

TDS map and with the regional flow direction of groundwater in the Nubian 

Sandstone aquifer system (Fig.7). 

The high concentration of Ca and Mg ions in the groundwater may 

be related to leaching processes of carbonate minerals (calcite and dolomite) 

and sulphate (gypsum and anhydrite), which has high effect in the 

geochemistry of the groundwater in its flow path.  

Sodium concentrations in the studied area range between 9.91 ppm 

(Well no. 36) and 145 ppm (Well no. 107), also potassium concentrations 

vary from 8 ppm (Well no. 21) to 35 ppm (Well no. 118). 

The total concentrations of sodium and potassium in the studied area 

are variable from place to another; ranging between 23.5 ppm (Well no. 21) 

to 180 ppm (Well no. 107). The distribution of the sodium and potassium 

ions (Fig. 8) show a general increase toward the northeastern part of the 

studied area, and it is also conformable with the TDS map as well as the 

general flow direction of groundwater in the Nubian sandstone aquifer 

system. 

The high sodium and potassium concentration is possibly related to 

leaching processes of highly soluble halite deposits such as halite (NaCl) 

and sylvite (KCl), or related to the presence of alkali metal group, where the 

Na and K retained by adsorption on mineral surface, especially, by minerals 

with high cation exchange capacities such as clays. 
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Major anions concentration and distribution 

 Bicarbonate (HCO3)
- 
in the groundwater vary from 17.5 ppm (Well sample 

no. 36) to 170.8 ppm (Well sample no. 107). The high concentration of the 

bicarbonate ions (Fig. 9) may be related to leaching processes carbonate 

minerals as calcite and dolomite either from the water-bearing formation 

and/or the Limestone. 

 In general, the sulfate ions concentrations range between 6 ppm (Well 

sample no. 5) and 190 ppm (Well sample no. 108). The distribution of the 

sulfate ions (Fig. 9) show general comformable direction with the previous 

distribution of major ions, with the TDS, and the general flow direction of 

groundwater. Also, the sulfate content shows increase in El-Harra and El-

Qasr areas rather than the other. 

 
Fig 5: TDS distribution contour map in the studied area. 
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Fig. 6: Total hardness contour map in the studied area. 
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Fig. 7: Potentiometric head contour map of the Nubian sandstone aquifer of El-Bahariya 

Oasis in 2009 (Hamdan and Sawires 2011). 

  The distribution of the chloride ions Fig (9) shows a general increase 

toward the northeastern direction with chloride concentrations ranged 

between 28.72 ppm (Well sample No. 55) and 131.65 ppm (Well sample 

No. 102). 

  The high sulphate may be related to leaching processes of highly soluble 

sulphate-bearing minerals (gypsum Ca SO4.2(H2O) and anhydrite Ca 

SO4), while the high chloride is possibly related to leaching of soluble 

chloride minerals. 
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Table 3: Chemical analysis of the groundwater samples in the study area. 

parameters 
No. of 

samples 

Range 
average 

from to 

Physical 

parameters 

T 
0
C 125 15.0 45.0 29.8 

TDS 125 122.0 712.06 232.3 

pH 125 6.05 8.7 7.90 

Cations 

Ca 125 4.0 35.0 13.82 

Mg 125 0.81 34.7 11.38 

Na 125 9.91 145.0 35.72 

K 125 8.0 35.0 13.43 

Anions 

HCO3 125 17.5 170.8 71.70 

SO4 125 6.0 190.0 36.0 

Cl 125 28.7 131.7 53.2 
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Fig, 8: Hydrochemical profile (SW-NE) for the major cations along the study area  
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Fig, 9: Hydrochemical profile (SW-NE) for the major anions along the study area 
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Hypothetical salt combination 

The most widely used method for representation of chemical analysis 

of water samples is the hypothetical salts assemblages. Hypothetically, the ions 

of strong acids (Cl
-
 and SO4

2-
 are generally combined with alkalis (Na

+
 and K

+
) 

and the rest of radicals combine with alkaline earths (Ca
2+

 and Mg
2+

). If the 

later are in surplus in water, they will combine with weak acids (HCO3). The 

most hypothetical salt combination of the groundwater samples revealed the 

presence of many groups of most salt assemblages as shown in table (4). 

Table 4: Hypothetical salt assemblages of the groundwater samples 

Group Salt assemblages Sample no. 

1 NaCl > MgSO4 > CaHCO3 

14, 27, 29, 30, 34, 38, 39, 42, 102, 129, 131, 

138, 140, 141, 142, 143, 146, 148, 149, 150, 

153, 154, 155, 156, 160, 163, 167, 168. 

2 NaCl > CaHCO3> MgSO4 

7, 8, 11, 15, 16, 17, 18, 32, 35, 37, 40, 46, 

91, 95, 133, 134, 135, 136, 137, 144, 145, 

147, 157, 161, 162, 164, 169. 

3 NaCl > MgHCO3 > CaHCO3 2, 3, 4, 5, 6, 44, 54, 81, 93, 116, 121, 125. 

4 NaCl > CaHCO3 > MgHCO3 9, 12, 20, 31, 45, 48, 89. 

5 MgHCO3 > NaCl > CaHCO3 61, 63, 65, 72, 83, 92, 113. 

6 MgSO4 > NaCl > CaHCO3 21, 26, 28, 108. 

7 NaCl > NaHCO3 > Na2SO4 120, 122, 123. 

8 NaCl > Na2SO4 > MgHCO3 71, 117, 126. 

9 MgHCO3 > Na2SO4 > NaCl 74, 75, 78. 

The hypothetical salt combinations in the studied area revealed the 

presence of different salts arranged in terms of their predominant as NaCl, 

Ca(HCO3)2, MgSO4, Mg(HCO3)2, KCl, Na2SO4, NaHCO3, MgCl and 

CaSO4 where their average equivalent percentage are 31 %, 20 %, 14 %, 11 

%, 10 %, 7%, 3 %, 2 % and 2 % respectively. 

Hydrochemical Classification 

Groundwater types 

Water types can be classified (Schoeller, 1956) to chloride, sulphate, 

and bicarbonate (Table 5) as follow:  

 According to chloride, it shows that all water samples lie in the range of 

normal chloride water class (less than 15 epm).  

 All samples are classified as normal sulfate water (less than 8.0 epm) 

according to their sulphate concentration. 



16                        Ali M. Hamdan, Awad A.A. Omran, and Rashad F. Sawires 

 

 According to the bicarbonate content, 87% of water samples lie in the 

range under carbonate water class (less than 2.0 epm), while 13% lie in 

normal carbonate water type (from 2.0 to 7.0 epm). 

Table 5: Classification of water (Schoeller, 1956). 

Water type Cl
-
concentration (epm) 

Super chloride water 

Marine chloride water 

Strong chloride water 

Medium chloride water 

Oligochloride water 

Normal chloride water 

more than 700 

700 – 420 

420 – 140 

140 – 40 

40 – 15 

less than 15 

Water type SO4
2-

 concentration (epm) 

Super sulfate water 

Sulfate water 

Oligosulfate water 

Normal sulfate water 

More than 58 

58 – 24 

24 – 6.0 

less than 6.0 

Water type (HCO3
-
) concentration (epm) 

Super carbonate water 

Normal carbonate water 

Under carbonate water 

More than 7.0 

7.0 – 2.0 

less than 2.0 

Semi-logarithmic Diagram of Schoeller (1962) 

The Schoeller semi-logarithmic diagram created using UN. GWW 

software program. The chemical analysis of the groundwater samples, from 

the studied area, plotted in equivalent per million (Fig. 10). According to 

this diagram, it reflects a high concentration of sodium, chloride and 

bicarbonate ions, indicating that the dominant salts are sodium chloride, and 

sodium bicarbonate. 

The following general patterns were recognized: 

 In El-Bawiti, El-Ris, and Tablamoun areas, Ca 
2+

>Mg
2+

<Na
+
<Cl

-
>SO4

2-

<HCO3. 

 In El-Gedida iron mines and El-Harra areas, Ca
2+

>Mg
2+

<Na
+
<Cl

-
<SO4

2-

>HCO3. 

 In El-Heiz and Khamaan areas, Ca
2+

>Mg
2+

<Na
+
>Cl

-
<SO4

2-
<HCO3. 

 In El-Qasaa and El-Zabu areas, Ca
2+

<Mg
2+

<Na
+
>Cl

-
>SO4

2-
<HCO3 

 In El-Qasr area, Ca
2+

>Mg
2+

<Na
+
<Cl

-
>SO4

2-
>HCO3 and 

 In Mandisha area, Ca
2+

>Mg
2+

<Na
+
>Cl

-
>SO4

2-
<HCO3 
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Hydrochemical facies and groundwater genesis 

Trilinear Diagram of Piper (1944) 

The trilinear diagram adopted by Piper (1944) using UN. GWW 

software program. It is used for classification of the hydrochemical facies of 

the groundwater. The results were plotted on Piper diagram (Fig. 11). It 

illustrates that: 

 Most of groundwater samples are located within middle sub-area, which 

are characterized by no one cation-anion pair > 50%. That area shown to 

be more influenced by meteoric replenishment in the past time. 

 The other groundwater samples lie in the middle right sub-area, indicating 

that groundwater may be affected by ions leaching process and it is 

dominated by alkalis and weak acids. 

 The left triangle indicates that sodium and potassium ions represent the 

main dominating cations, while the right triangle indicates that chloride 

and carbonate ions are the main dominating anions.  

 Most of the samples having sodium-chloride facies.  

Hydrochemical Parameters 

They are commonly used for identification of groundwater bodies. It 

is based on and confirmed by hydrogeochemical indicators such as ionic 

ratios. These ratios are helpful in detecting the previous hydrochemical 

processes affecting water quality such as mixing, leaching and ion 

exchange. These ratios are useful in comparing water from different sources 

or reservoirs. The use of such ratios is important to distinguish between 

groundwater having paleosalinity characteristics from those mineralized 

resulting by evaporation processes. The important ionic ratios are 

highlighted in the following paragraphs: 

a. Na + K / Cl 

This parameter gives an indication about the water origin (marine or 

fresh water). In sea water, it ranges between 0.85 and 0.87, while in the 

fresh meteoric water it is more than unity (Ovchinnikov, 1955). The 

calculations of rNa+rK/rCl ratio reveal that it ranges between 0.8317and 

2.0234. Some of the groundwater samples reflect the meteoric origin (more 

than unity) and the other are affected by leaching of evaporates. This may 

be attributed to cation exchange and mixing with relics of evaporates 

enriched in chloride ions. 
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Fig. 10: Schoeller semi logarthmic presentation for the groundwater samples. 

b. Ca / Mg 

It is important for tracing the sea water contamination. This ratio 

usually indicates great relationships between the residing of water and the 

marine host rocks (Ca/Mg is about 0.2) or meteoric water mixing (Ca/Mg is 

about 1.07). Higher values possibly indicate a source of Ca as anhydrite 

dissolution, meteoric water mixing or CO2-CaCO3 interaction. However, the 

Ca/Mg ratio decreases as the total salinity increases and is highly influenced 

by the activity of Base Exchange processes.  

The values of rCa/rMg ratio in the study area are always less than 

one with few exceptions are higher than that of sea water (ranging between 

0.20 and 7.28); thus indicating meteoric water mixing. In general, relative 

high TDS values and low Ca/Mg ratio characterize the northeastern part of 

the studied area. 

c. SO4 / Cl 

The values of rSO4/rCl ratio are always less than one in most of the 

collected groundwater samples from the studied area. The low values of this 

parameter indicates the predominance of chloride ions (Ovchinnikov, 1955) 
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is probably due either to the leaching of some marine salts from the fluvio-

marine sediments which dominate the water-bearing formation or to mixing 

with deep-seated salt water that leaks upward along fractures. 

 

Fig. 11: Piper trilinear diagram for classification the groundwater samples. 

 
CONCLUSIONS 

The salinity of the groundwater is relatively low (TDS vary from 

108 to 632 ppm), as well as the electric conductivity and total hardness, 

while the recorded groundwater temperature values range between 15 to 

45°C. The variations in temperature are due to differences in drilling depths. 

The major cations and anions generally increase from southeast to 

northeast direction (especially in El-Harra, El-Qasaa, and El-Gedida iron 

mines localities) as detected from the hydrochemical profiles. This is 

comformable with the TDS map. 

The high sodium and potassium concentration is possibly related to 

leaching processes of highly soluble halite deposits and related to the 

presence of alkali metal group, where the Na and K retained by adsorption 

on mineral surface, especially, by minerals with high cation exchange 

capacities such as clays. The high concentrations of other anions or cations 

are related to the leaching processes of highly soluble deposits. 
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The hypothetical salt combinations in the studied area revealed the 

presence of different salts arranged in terms of their predominant anions as 

NaCl, Ca(HCO3)2, MgSO4, Mg(HCO3)2, KCl, Na2SO4, NaHCO3, MgCl and 

CaSO4 where their average equivalent percentage are 31 %, 20 %, 14 %, 11 

%, 10 %, 7%, 3 %, 2 % and 2 % respectively. 

Water types are classified to chloride, sulphate, and bicarbonate and 

reflect that all collected groundwater samples lie in the range of normal 

chloride water class, normal sulfate water class, and under carbonate water 

class. 

The Hydrochemical Classification on Schoeller semi-logarithmic 

diagram and Piper trilinear diagram, indicates high concentration of sodium, 

chloride and bicarbonate ions, i.e. the dominant salts are sodium chloride, 

and sodium bicarbonate. Most of the samples having sodium-chloride 

surplus facies. They are influenced by the meteoric replenishment in the 

past time, and affected by ions leaching process. 

The hydrochemical Parameters are used for identification of 

groundwater bodies and confirmed by hydrogeochemical indicators such as 

ionic ratios. These ratios are helpful in detecting the previous hydrochemical 

processes affecting water quality such as mixing, leaching and ion exchange 

and are useful in comparing water from different sources or reservoirs. 
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 البحرية، هنطقة الىاحات تقيين الباراهترات الهيذروكيويائية للوياه الجىفية علً

 هصر الغربية، الصحراء

 

 رشاد ساويرس** –عىض عبذ الخالق عوراى**  –علً دمحم علً حوذاى* 

 جاهعة جنىب الىادي –كلية العلىم بأسىاى  –* قسن الجيىلىجيا 
 أسيىط جاهعة –كلية العلىم  –** قسن الجيىلىجيا 

 

 األراضت  اسمصتح  بًشتةواا  األخيتة  األوَت  فت  بانغتا ً اهمًايتا ً اندونت  تهتمى

 نمفتاة  بهتا انًُزرات  وغيتة األراضت ًانصتاةاو   يتٍ يمعتدة  يُتاق  فت  األفقت  وانمىسع

تقيتيىً اهت  انضتى  اناانيت  اندراست  تهقت  نتاا انُيتم  بتىاة  انضتي  بانشتة   انستكاَ  انمكتد 

 وهت  انغةبيت  يصتة صتاةا  يُتاق  بإحتد  انجىفيت  انًيتاِ  ًنخزاَتا انكيًياصيت انخصتاص 

  انباة  . انىاحا  يُطق 

 أيتانٍ فت  أبتار يتٍ يتخخىة  جىفيت  يياِ ايُ 525ًنعدةً انكيًياصي  انخصاص  ةراس  تًتً-

 االفمةاضتي  واأليتح  األ ىَيت  وانهيًُت  انكهيت  انًهىحت  ندراست  بًُطقت ًاندراست  يخمهفت 

ً :يا ه  انُماصجًوأوضات تفسية تى وقد انكيًياصي  وانمقسيًا  وانًعايح 

قبيعت .ً حتةار  تتدر  َميج  بخَها وًوتىصف45ًوًو55ًًبيًٍ تمةاو  انًياِ حةار  ةرج ً-

 يتا تمتةاو  حيت  يهىحمهتا ةرجت  باَخفتا  انباة ت  انىاحتا  بًُطقت  انجىفيت  انًيتاِ وتمًيز

ً .ااب  يياِ أَها اه  وتصُف انًدروس   انعيُا ف  نمة/يههيجةاو 632إن 501ًًبيٍ

 خةاص  أيا .انجىفي  بانًياِ شيىاا ً األنثة ه  وانبيكةبىَا  وانكهىر دا  انصىة ىو أ ىَا ً-

 وانبيكةبىَتا  وانبىتاستيىو وانصتىة ىو وانًاغُستيىو انكانستيىو األ تىَ ًنعُاصتة انمىز تع

 األجتزا  َاحيت  األ ىَتا  تهت  تةنيتز فت  قفيفت  ز تاة  بيُتت قتد وانكبة متا ًوانكهىر تدا 

 و ًكتٍ واناتار ًوانبتى ط ًويُد شت . انقصتة قتة  فت  خاصت  اندراست  يُطقت  فت  انشتًاني 

 رقابت  بتدوٌ االبتار وحفتة انجتىف  انختزاٌ يتٍ انستا  يعتدال  بز تاة  انز تاة  تهت  تفستية

 انًيتاِ اٌستة  بإتجتاِ يةتبطت  انز تاة  هتاِ أ ضتا ً األيتانٍ. تهت  فت  انةقعت ًانزراايت  وز تاة 

 إنت  انغةبت  انجُتىب  االتجتاِ يتٍ اندراست  انُتىب ًبًُطقت  انةيهت  اناجتة ختزاٌ ف  انجىفي 

ً.انشةق  انشًان 

 انًيتاِ فت ً (Hypothetical salt combinations)انااصبت  االفمةاضتي  األيتح  باستا ً-

 بيكةبىَتا وًانصىة ىو انصىة ىوًونبة ما  نهىر دا  أيح  سياة ًأتضح بانًُطق  انجىفي 

ً.انًاغُسيىو انًاغُسيىوًونهىر د

 Piper)ًاهت  انماانيتم َماصج تىقيع تى اندراس  بًُطق  انجىفي  انًياِ وأصم ساُ  ونًعةف ً-

diagramً)(ً وًاهتتSchoeller semi-logarithmic diagramً)ً باستتا ً وأ ضتتا

 انًيتاِ ايُتا  أٌ (ًأتضتحHydrochemical Parametersانهيدرونيًياصيت ً) انًعتايح 

ًأيطتار ييتاِ  كتىٌ يتا غانبتا ً(Mixed Originً)ًيختمه  أصتم ةا  بانًُطقت  انجىفيت 

 انخه ًواألنسد  واًهيا  األ ىَ  وانمباةل واإلةاب  انغسيم يٍ َىايمها انًياِ هاِ وتكمس 

 واالَهيتدر ت وانكبة متا  وانكةبىَتا  وانطتيٍ انطفتال اهت  يةورهتا أثُتا  واالخمتزال

ًياة ًانخزاٌ. ف  انًىجىة


