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ABSTRACT

Wadi El Assuity is one of the longest wadis in the Eastern Desert of Egypt. The main target of
the present study is delineating the groundwater aquifer and defining the suitable sites for
drilling. The interpretation of magnetic data refers to the basement rocks in the research area
located between 1800 and over 4500 m below the ground surface, the main trends of subsur-
face structures area N-S, NE-SW, and NW-SE. The geoelectric data interpretation indicates that
the aquifer’s depth ranges from 6 to 18.4 m, and thickness ranges from 150 to 250 m, with

resistivity values of 4-30 Ohm.m.

1. Introduction

The decrease in water resources is a big problem for
Egypt, especially now. Most desert areas in Egypt are
suffering from scarcity of surface water, especially Wadi
El-Assiuty; it represents the main promising desert area
for future development; for this reason, groundwater
exploration is very important to locate the sites of
groundwater aquifer of low depths and high thickness
with good water quality. The entrance to Wadi El-
Assuity, Egypt’s most significant wadji, is located east of
Assiut City (Figure 1). Wadi El-Assuity spans an area of
roughly 127 m?, 186 km long and 10 km wide. The area
under study is represented topographically by low land
and variation in elevation from 52 to 182m, and it is
surrounded by a carbonate plateau with an elevation of
455 m above sea level. Numerous geologists have con-
ducted numerous research on the study region in the
fields of geology, geophysics, and hydrogeology, includ-
ing Mohamed et al. (2021); El Miligy (2003); Abdo et al.
(2021); Farrag et al. (2018) Mohamed (2013) and Youssef
and Mansour (1977). They concluded that they estimate
the depth of the upper surface of the aquifer in the study
area. The present study aims to delineate the depth of the
upper and lower surface of the aquifer, the thickness of
the aquifer, water quality through hydrochemical analy-
sis, structural elements that control the distribution of
water flow in the aquifer, and the depth of basement
rocks in the area under study. The geophysical tools can
be used for subsurface structures, engineering geology,
groundwater exploration, and ore mineral exploration
(Sultan and Santos 2008; Mohamed et al. 2012; Deep
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et al. 2021; Elbarbary et al. 2021; Nazih et al. 2022; Araffa
et al. 2022; Azmy et al. 2023). The eastern watershed
area’s recharge to the Quaternary aquifer is 5.6 x 106 m>
per vear, and the flow to the outlet of Wadi El-Assuity is
6x 106 m’ per year, or about 7% of the total annual
precipitation calculated a 25.7 x 106 m’/year upward
leakage from the aquifers beneath the Nubian
Sandstone. As a result, the Quaternary aquifer system
receives a total of around 33.7 x 106 m’/year, which is
only enough to irrigate 2185 ha based on the water need
of 2509 m3/year (Yan et al. 2004; Yousef 2008).

2. Geological setting

Wadi El-Assuity is mainly covered by many recent
sediments such as Wadi filing, sub-recent alluvium
cover, Neonile and Prenile sediments Paleonile-
Protonile sediments overlaying Lower Eocene lime-
stone bedrock, many fault elements of NE-SW, NW-
SE and N-S trends dissect the area under study
(Figure 1). The sharp escarps of limestone bound
Wadi El-Assiuty at the northern, southern, and eastern
parts, but the western part was bounded by the Nile
floodplain. According to Mansour and Philobbos
(1983); and Said (1990), the subsurface sequences are
represented by Holocene sediments (Figure 1), includ-
ing two formations; the first is Recent wadi deposits
comprising sand & gravel and fanglomerate.
The second formation, known as the Arkin
Formation, is composed of a 20-metre-thick silty clay
layer that serves as the conventional agricultural clay
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layer in the Nile Valley in the Assuit region. The
Abbasia, Dandara, and Dandara formations, where the
Abbasia Formation is composed of gravels and sand,
comprise Middle and Upper Pleistocene deposits. Sand
intercalated with silt makes up the Dandara Formation.
Sand and gravel with clay intercalation make up the
Qena Formation. The Middle and Upper Pleistocene
sediments are regarded as the primary Quaternary aqui-
fer in the Assuit region because they unconformably
overlie the formerly silt clay layer. Issawia, Armant, and
Idfu formations are made of lower Pleistocene rock
(Figure 1). The sand and clay strata of the Issawia
Formation are topped by breccia. Conglomerate layers,
clay, and sand form the Armant Formation. In Wadi El-
Assuity, both the Armant and Issawia formations are
seen (Figure 1). Gravel is found in the clayey matrix of
the Idfu Formation. Deposits from the Pliocene period
are made up primarily of clay facies. Carbonate rocks
with chert bands make up the rocks of the Lower and
Middle Eocene periods. The plateau that surrounded
the Nile Valley on both sides is built up with these rocks
(Figure 1(b,c)). The area under investigation is part of
the Nile Valley. It is located on Egypt’s stable shelf,
where the primary fault systems are NW-SE, NE-SW,
and N-S, according to the structural framework of the
area (Youssef 1968; El Shemi et al. 1999). The area
under study can be hydrogeological divided into
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Quaternary (Wadi deposits aquifer, Prenile aquifer,
Protonile aquifer), and Eocene Aquifer systems, as indi-
cated in the Table 1, according to Yousef (2008). The
hydrogeological environment of the examined area may
be affected by NW active fault networks, which are
transporting more freshwater from the deep aquifer
(Nubian sandstone) to the shallower aquifer.
Freshwater samples with low salinities were primarily
found near NW fault plains. The water level ranges
from 50 to 60 m, as shown in Table 2.

3. Data and methodology

In the study region, aeromagnetic and geoelectric repre-
sented by Vertical Electrical Sounding (VES) techniques
are used to locate structural features and define the
depth of magnetic sources (crystalline rocks). To deter-
mine the depth of the aquifer, 29 VES points with AB/2
ranging from 1.5 to 500 m were conducted to evaluate
these targets. The data was collected in 2017.

3.1. Aeromagnetic data acquisition

The Western Digital Company (1983), Ramadan and
Sultan (2004), and others have all supplied aeromag-
netic data as part of their surveys of Egypt. The
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Figure 1. Location map of the study area, b: Geologic map with main fault systems of the study area (after said 1981 and Yousef
2008), c: composite stratigraphic cross section of the study area (after said 1981 and 1990).
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Aeromagnetic survey was conducted along a series of
parallel flight lines with tie lines spaced out at 10-km
intervals and orientated in a northeast-southwest direc-
tion. Using twin-engine Cessna-404 Titan-type aircraft,
the total magnetic intensity was measured at 92-metre
intervals with a nominal sensor altitude of 120-metre
terrain clearance using a Varian V-85 proton precession
magnetometer (sensitivity=0.1 nano Tesla “nT”)
installed in a tail stinger arrangement as its principal
sensor element (Aero-Service 1985). These data are
represented by a total magnetic intensity map after
being corrected by Western Digital Company for
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diurnal fluctuation and International Geomagnetic
Reference Field (IGRF) (Figure 2a). The numbers on
this map represent magnetic anomalies between 41,610
and 41,920 nT. The measured magnetic data is repre-
sented as the total magnetic intensity data (TMI), as
shown in Figure 2a, after applying different corrections
such as diurnal variation and IGRF. To overcome the
distortion in anomalous characteristics, TMI is reduced
to the (RTP) as in Figure 2(b). The reduction to the pole
is applied using magnetic parameters like inclination
(39°), declination (2°), and magnetic field strength
(41715 nT) by Oasis Montaj (2015). The RTP map
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Figure 2. The total magnetic intensity map, b: the reduced to magnetic Pole map (RTP).
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(Figure 2(b)) shows a northwestward shift in the loca-
tions of the inherited magnetic anomalies as a result of
the removal of the magnetic field’s inclination at this
location. The RTP map displays a variety of magnetic
anomalies between 41,578 and 41,974 nT. While the
northeastern portion of the region has mild magnetic
anomalies, the northwestern and southwestern portions
show strong magnetic anomalies.

3.2. Geoelectrical data

3.2.1. Geoelectrical data acquisitions

The geoelectrical data is adjusted using the twenty-
nine Vertical Electrical Soundings (VES) of AB/2 on
the Schlumberger array, which range from 1.5 to 500
m. (Figure 3(a)), in areas where six geoelectric cross-
sections could be built. Each cross-section includes
several VESs in addition to the existing water wells.
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Figure 3. Location map of the VES stations, b: comparison between Well(4) and VES No. 14.



4. Results and discussion
4.1. Results of magnetic data

4.1.1. Euler deconvolution

The main use of the Euler deconvolution potential field
interpretation technique is finding the depths of mag-
netic and gravitational anomalies. Euler’s homogeneity
equation serves as the foundation for the Euler deconvo-
lution method. The location of the potential source for
the degree of homogeneity N can be viewed as
a structural index (Thompson 1982). Euler’s deconvolu-
tion is a common name for this inversion technique.
A RTP map was subjected to the Euler approach for
various structure indexes (SI), with SI=0, 1, and 2 cor-
responding to contact/step, sill/dyke, and cylinder/pipe,
respectively (Oasis Montaj 2015). The research area was
subjected to the Euler deconvolution approach with SI =
0 (Figure 4(a)), which produced a variety of solutions
that pointed to numerous structures, including contact,
and step structures. For the interpreted structural linea-
ments, rose diagrams (Figure 4(c)) were made to help
identify the main structural tendencies in the future of
the research topic (Figure 4(b)). The results show that the
principal trends of the research region are N-S, NNE-
SSW, N E-SW, and NW-SE (Figure 4(c)).

4.1.2. 2-D magnetic modeling

The 2-D magnetic modelling is applied on nine profiles,
four of them in the south-north direction of the length
of 31km, and the other five profiles in the direction
west-east of the length of 37km for RTP data. The
2-D magnetic modelling is applied using a geosoft pack-
age (Oasis Montaj 2015), using the average magnetic
susceptibility of 0.000750 CGS units (Araffa et al. 2015).
The results of 2-D magnetic modelling refer to the
depth of basement rocks ranging from 1680 to 4950
m. Consequently, the thickness of the sedimentary
deposits decreases in the northwest (Figure 5).

4.2. Results of geoelectrical data (VES)

The target of interpretation of geoelectrical data is the
determining true resistivity and thickness of each geo-
electric unit, to achieve this goal two techniques of
quantitative interpretation of VES data are used, the
first one is a manual interpretation process that relies
on generalised Cagniard graphs and two layers of
master curves to match the shown field curves
(Koefoed 1960; Orellana and Mooney 1966).
The second technique is the analytical technique
which uses the model manual technique as an initial
model through the IPI2ZWIN software (Bobachev et al.
2008). The results of interpretation for geoelectrical
data indicate that the subsurface consists of three
strata, with resistivity values ranging from 3.5 to
39,000 Ohm m (due to the gravel and sand boulders)
and thicknesses varying from 2 to 150 m, according to
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the findings of the analysis of the VESes data. VES
No. 14 and Borehole No. 5 were measured side by side
for correlation (Figure 3(b)). The lateral and vertical
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distribution of the subsurface resistivity is shown in
the geoelectric cross-sections (Ismail 2003). Six thor-
ough geoelectric cross-sections were built utilising the
findings from the modelling of VES stations, which
were calibrated using all drilled borehole data and
geological information (Figure 3(a)). Figure 6 repre-
sents the geoelectric cross-sections along profiles A, B,
C, D, E, and F were built to look into the lithological
distribution succession. The geological-geoelectrical
study reveals that the subsurface is made up of three
distinct geoelectrical units. The first unit is a surface
layer that exhibits extremely high resistivity values,

which correspond to dry sand and gravel boulders.
These values range from 465 Ohm.m to 39,000 Ohm.
m, with a thickness range of 2-17 m. A second unit is
a middle unit with low resistivity values ranging from
3.5 to 37 Ohm.m and variable thicknesses between
151 and 260 m. Sand, clayey sand, and intercalated
sandy clay make up this unit. All drilling data show
that the second unit is saturated with groundwater,
and this unit contains groundwater of various sali-
nities. The third geoelectric unit exhibits high resis-
tivity values matching Eocene limestone, ranging
from 123 Ohm.m to 776 Ohm.m.
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4.2.1. lIsoresistivity and isopach maps of the aquifer
The isoresistivity map for the second geoelectric unit,
which represents the aquifer in the studied area,
reveals an increase in resistivity at VES no.18 and 19
in the northwest due to an increase in sand content
and a decrease in resistivity in the middle and north-
east due to an increase in clay content (Figure 7(a)).
According to the water-bearing layer’s isopach map,
the thickness of the aquifer grows downstream of
Wadi El-Assiuty and diminishes upstream in an east-
erly direction (Figure 7(b)).

5. Hydrogeological and hydrochemistry data

The Quaternary aquifer, which has a thickness of roughly
200 metres and is quite productive, is made up of graded
sand and gravel with thin interbeds of clay. It takes up
a large portion of the Nile Valley and is protected by an
aquitard of Holocene silty clay. Various writers, including
Wade et al. (2012), examined the hydrochemistry of
groundwater (2013). This aquifer has somewhat
restricted groundwater (Said 1990). The objective of the
current study’s hydrochemical examination is to identify
the physical characteristics and relative abundances of
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Figure 6b. Geoelectric cross-sections along profiles D-D°, E-E’
and F-F.

groundwater’s main ions. The place of the investigated
wells is depicted in (Figure 3(a)). Fourteen wells were
drilled to different depths varying from 140 to 202 m. The
groundwater samples were analysed for physical proper-
ties such as specific electric conductivity (EC), pH mea-
surements, and chemical properties, including the
concentrations of major ions (potassium, sodium, mag-
nesium, calcium, chloride, sulphate, and bicarbonate).
The chemical analyses were carried out in the General
Company for Research and Groundwater (RGWA)
laboratories in 2017 according to the standard methods.
The water table data from drilled borehole are used to
construct water table map (Figure 8(a)). The water table
map refers to the water level at elevation ranged from 50
to 60 m, the water flow direction is from southwest to
northeast direction.

5.1 Physical parameters of groundwater

5.1.1. The pH measurement

Using a laboratory pH metre, Model WITW-Multilane
pH Germany, with an accuracy of 1%, which gives direct
results of the pH values, the pH values of the various
tested substances were assessed. Pure water has a pH of 7
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at 25 degree Celsius, but when exposed to atmospheric
carbon dioxide, this equilibrium results in a pH of
roughly 5.2 (Forstner and Wittman 1983). It is based on
how temperature and air gases interact with pH. The pH
ranges from 7.5 to 8.6 (Figure 8(b)). The groundwater in
the research region is mild to moderately alkaline, as
evidenced by the minimum value of 7.5 discovered in
well No. 7 in the centre of the area and the maximum
value of 8.60 found in wells No. 12 in the northwestern
part and No. 10 in the southern half.

5.1.2. Total dissolved salts (TDS)

The average salinity of the groundwater in the study area
is 3646.5 mg/l, with salinities ranging from 819 mg/l to
6474 mg/l. At well No. 13, which is situated towards the
region’s downstream, in the western portion of the
research area, the minimum salinity of 819 mg/l was
observed. The groundwater salinity (TDS) (Figure 8(c))
shows how the relatively low salinity along the NW fault
zone restricts water flow and is suggestive of the rapid rate
of recharge from the Nubian Sandstone aquifer’s deep-
seated dynamic fault. Due to the relatively low rates of
recharge from the eastern watershed area, which is
renowned for its marine-nature rocks, the salinity rises
as one moves east (limestone and marl). The research
area’s groundwater has an average salinity of 3646.5 mg/1
and a salinity range of 819 mg/l to 6474 mg/l. In well
No. 13 to the west of the analysed area, which is situated
downstream of the research area, the minimum salinity
of 819 mg/l is observed. The groundwater salinity map
(Figure 8c) demonstrates that the rapid rate of recharging
from the Nubian Sandstone aquifer through a deep-
seated dynamic fault is the cause of the relatively low
salinity along the NW-SE fault plain. The salinity
increases eastward due to the relatively slow rate of
recharge from the eastern watershed area, which is
known for its marine-nature rocks (limestone, marl).

5.2. Distribution of Major elements

5.2.1. Major cations

5.2.1.1. Potassium (K'). Humans require potas-
sium, which is rarely or never present in drinking
water in quantities that would be dangerous for
healthy people. Despite not being water soluble,
potassium reacts with water in the following ways: 2K
+2h,0 =2KOH + h,, where (g) Potassium and water
react quickly and vigorously to produce hydrogen gas
and a colourless basic potassium hydroxide solution.
The groundwater in the study area has a potassium
level that ranges from 3 to 144.1 mg/l on average. The
investigated area’s well number 3 on its northern side
recorded the highest value, while well number 7 in its
centre recorded the least amount of substance
(Figure 9a).



176 (&) S.A ARAFFAETAL.

5.2.1.2. Sodium (Na®). The majority of sodium salts
are extremely soluble in water and leach into ground-
water and surface waters from the terrestrial environ-
ment. We may infer from the chemical analysis results
that the content of sodium in groundwater is significantly
higher in the eastern ward direction than the recom-
mended value. The sodium concentration ranges from
126 to 1950 mg/1 (Figure 9b), with an average of 1038 mg/
1. Well number 13 is located on the western side of the
research area with lowest salinity, while well number 4 is
positioned on the northeastern side, with the highest
value being recorded there. While the groundwater of
the northeastern side of the studied area is distinguished
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Figure 9. Assembled cations contour maps.

by a relatively high content of sodium ions (Na+), which
varied between 500 and 1950 mg/l with an average of
1225 mg/l, the concentration is less than 500 mg/l.

5.2.1.3. Magnesium (Mg"*). The magnesium level in
the current study ranges from 24 to 220 mg/l, with an
average of 122 mg/l (Figure 9c). The tested area’s well
number 12 had the lowest concentration (24 mg/1), whereas
well number 3 on the northeastern side had the highest (220
mg/1). Due to the pollution of groundwater by a modest rate
of recharge from the eastern watershed area, which is dis-
tinguished by rocks of a marine origin, the magnesium
content rises towards the east from 80 to 220 mg/I.
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5.2.2.4. Calcium (Ca*?). The calcium ion concentra-
tion in the current study ranges from 23.97 to 625 mg/
1, with an average of 324.5 mg/l; well number 13 on the
western edge of the analysed area had the lowest value
(23.97 mg/l). While there is a general increase in cal-
cium concentration eastward, the highest value (625
mg/1) was discovered in well number 3 on the north-
eastern side of the analysed area (Figure 9d).

5.2.2. Major Anions

5.2.2.1. Chloride (CI"). Chloride is the most preva-
lent major anion in natural water since it is only found
in nature in combination with other elements, primar-
ily sodium in the form of common salt (NaCl). The
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average chloride concentration in the study region is
1687.5 mg/l, with a range of 175mg/l to 3200 mg/l.
The well with the lowest value, number 13, was
found on the western side of the study area, and the
well with the highest content, number 4, was found on
the northeastern side of the study area (Figure 10a).

5.2.2.2. Sulfate (80,72 Sulphate is a naturally
occurring substance that can be found in various
minerals, such as gypsum and barite (BaSO,)
(CaSOy). Sulphate ions may drain from top surface
soil sediments in such arid areas, raising the concen-
tration of these ions in groundwater. Gypsum and
anhydrite are the most common sulphate sources in
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groundwater. At normal temperatures, gypsum easily
disintegrates in water. With a range of 70.3 to 1954
mg/l, the research area’s average sulphate content is
1012.15 mg/1 (Figure 10b). The centre of the region’s
well No. 9 showed the lowest value (70.3 mg/l). The
highest concentration (1954 mg/l) was found in well
number 3 in the northeastern portion of the study
region.

5.2.2.3. Carbonates (CO3) and bicarbonates
(HCO;3)". The carbonates and bicarbonates (HCO3)
in the water are what cause the hardness and alkali-
nity. The pH level is influenced by the relative con-
centrations of carbonates, bicarbonates, and carbonic
acid in water. Calcite (CaCOj) is the primary form of
carbonates found in soil. In the study region, bicarbo-
nate concentrations ranged from 76 to 1360 mg/1, with
an average of 718 mg/l. Well, No. 7 in the centre of
Wadi El Assiuty recorded the lowest value (76 mg/l),
and Well No. 3, which is located to the north of the
study region, recorded the highest value (1360 mg/l)
(Figure 10c).

5.3. Water type

Piper’s classification (Piper 1953) is widely recog-
nised as a valuable tool for interpreting water analy-
sis, aiding in the classification of water and the
identification of hydrochemical facies within mixed
water samples. This classification method relies on
the proportional equivalence of cations and anions,
focusing on their relative ratios rather than their

absolute amounts. The resulting Piper diagram illus-
trates these relative ratios by projecting information
from two triangles onto a diamond-shaped plot. One
line is drawn through the point on the cation trian-
gle, while another is drawn through the anion trian-
gle. The intersection of these lines determines the
point’s location on the Piper diagram’s diamond-
shaped portion, enabling the identification of water
types. Additionally, the Piper diagram facilitates the
categorisation of waters into hydrogeochemical
facies. For instance, if a water plot appears near the
centre of one of the triangles’ edges, it may indicate
a non-standard water type, such as magnesium-
calcium sulphate water. Using this classification
method, groundwater in wells 1, 3, 5, 10, 11, 13,
and 14 are classified as Sodium Sulphate water
type, while groundwater in wells 2, 4, 6, 7, 8, 9, and
12 are classified as Sodium Chloride water type,
according to the Piper diagram. The significance of
Piper’s classification approach is emphasised, along
with how it may be used to identify different types of
water and how to apply Piper’s Diamond plot stan-
dard classification (Piper 1953), (Figure 11).

5.4. Priority map for future drilling

The priority map (Figure 12) refers to the western part
of the area that is suitable for future drilling which is
represented as zone A. where the western part has
a low salinity of high-quality water for drinking, agri-
cultural, and industrial purposes.

— Cl —=

Figure 11. Determination of hydrogeochemical facies using piper diagram.
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Figure 12. Priority map for future drilling.

6. Discussion

The area under investigation is situated in the wes-
ternmost portion of the Eastern Desert. Therefore, the
authors used a variety of geophysical techniques to
identify the structural components that cut through
the sedimentary layer and they suggested locations for
future boreholes. The magnetic approach was
employed to measure the thickness of the sedimentary
layer in the research region in order to first determine
the depth of the basement complex. The geologic map
shows that the research area is divided by several faults
that are part of the major NE-SW and NW-SE trends.
These trends also have subsurface extensions, which
are referenced in the analysis of magnetic data. The
information from boreholes shows that the study area
is covered by a groundwater aquifer with a range of
salinities. Additionally, the interpretation of geoelec-
trical data is in line with the parameters of the ground-
water aquifer, including its thickness, water level, and
water quality, through the values of resistivity.
Geoelectrical data interpretation shows that the sub-
surface is composed of three layers, including sand
and gravel, sandy clay, and limestone. This order is
by the geologic environment of the research region.
The interpretation of VES No. 14’s results demon-
strates strong agreement with the drill data for
Business Well (4). The results of the data from the
boreholes show that the resistivity values for the
water-bearing zone are consistent with the total

amount of dissolved salts (aquifer). The western part
of the study area is the best site for future drilling
which is characterised by the high thickness of the
aquifer and high resistivity (more fresh water less
salinity) as shown in Figure 7c

7. Conclusion

These are some of the inferences that can be taken from
an interpretation of the geophysical data: Between 1800
and over 4500 m is the depth at which the basement
rock can be found. The investigation is focused mostly
in the east-west, north-northeast-southwest, northeast-
southwest, and northwest-southeast directions. In the
area that is the subject of this research, the stratum
containing water is an aquifer made up of sandy clay,
sand, and clayey sand. The drilling of water wells
revealed that this area is rich in a variety of groundwater
sources to a very high concentration. The geoelectric
data interpretation indicates that the aquifer’s depth
ranges from 6 to 18.4m, and thickness ranges from
150 to 250 m with resistivity values of 4-30 Ohm.m.
In the area under study, the potassium content of the
groundwater ranges from a minimum of 3 mg/l to
a maximum of 144.1 mg/l on average. The sodium
concentration ranges anywhere from 126 to 1950 mg/1
throughout the mixture. The magnesium concentration
rose from 24 to 220 mg/1 throughout the experiment.
The chloride concentration in the area that was
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investigated varied from 175mg/l to 3200 mg/l, with
1687.5 mg/l serving as the mean value. Sulphate con-
centrations in the region under study range from 70.3 to
1954 mg/l, with a mean value of 1012.15mg/l and
a standard deviation of 102.15 mg/l. The Piper diagram
indicates that the groundwater in wells 1, 3, 5, 10, 11, 13,
and 14 are classified as Sodium Sulfate water type, while
groundwater in wells 2, 4, 6,7, 8,9, and 12 are classified
as Sodium Chloride water type. In a broad sense, the
thickness of the aquifer grows thinner moving upstream
in an easterly direction towards Wadi El-Assuity, and
increases as one moves downstream. The best site for
future drilling is the western part of the study area.
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