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Investigating groundwater resources in Egypt is crucial, particularly 

in light of the water scarcity issues in this hyper-arid region and the 

ongoing climatic challenges. The replenishment of shallow aquifers by 

deep mega aquifers is significant because it supports the heavily 

utilized and easily accessible shallow aquifers. This replenishment 

occurs via vertical and sub-vertical faults. In this study aeromagnetic 

data were utilized to reveal subsurface deep-seated major faults and to 

infer their relation to major surface faults that were traced from the 

published geological maps of Egypt. The analysis and interpretation of 

the present data revealed that the main subsurface structural trend is 

extending NE-SW, while the main surface fault trend runs in an 

opposite position extending NW-SE. This discrepancy in the extension 

of surface and subsurface faults indicates lack of a vertical and/or 
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1. INTRODUCTION  

 
 

Geophysical investigations are crucial in groundwater evaluation, offering a spatially 

extensive, non-invasive approach to explore the subsurface geology and address the groundwater 

potentiality [1]. Among various geophysical techniques, magnetic methods are particularly of 

notable capacity to detect subsurface structures that can function as conduits or barriers to 

groundwater flow [2, 3]. 

Comprehending the hydrogeological connection between aquifers is essential for 

sustainable water resource management, especially in regions experiencing water scarcity. This 

connection involves the movement of water across aquifers, which is influenced by geological, 

hydrological, and anthropogenic factors [4, 5]. Understanding these interactions is crucial for 

effective groundwater management and for mitigating issues related to water availability and 

quality in affected areas [6]. 

Faults can either facilitate or obstruct the groundwater flow, depending on their specific 

characteristics. Thus, faults can serve as conduits or barriers to the groundwater movement and, 

consequently, can greatly affect the vertical connectivity between aquifers [7]. A thorough 

understanding of how faults influence vertical groundwater flow is essential for effective 

groundwater management, especially in regions with complex geological settings and multiple 

aquifer systems [7, 8]. The hydrogeological connectivity between aquifers can occur vertically 

and sub-vertically through faults and fractures, enabling water to bypass confining layers and 

move between aquifers [9]. In addition, a multi-component hydro-geochemical technique must 

be applied to investigate how deep thermal fluids rise into shallow aquifers; such phenomenon 

was studied in the Contursi region of Italy [10]. 

subvertical continuity. Consequently, no interconnection exists 

between the deep Nubian Sandstone Aquifer System (NSAS) and the 

shallow Carbonate Aquifer System (CAS), implying no upward 

feeding from the NSAS towards the CAS in the study area. This 

anticipation is confirmed from the stable isotopic analyses for some 

representing groundwater samples which were carried out and 

published in a literature. 
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Fig. 1: A) Location map showing the area between Sohag and Assiut Governorates, B) 

Geological map of the study area and its east-west surroundings, showing the exposed Pre-

Cambrian (basement) to Eocene rock units, after [11]. 
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The present study area extends from 30° to 33° E and from 26.5° to 27.5° N (figure 1A). 

This study aims to predict the connection status between the deep Nubian Sandstone Aquifer 

System (NSAS) and the shallow Carbonate Aquifer System (CAS) from Sohag to Assiut 

Governorates (the Western border), Upper Egypt. This investigation is accomplished through 

analyzing aeromagnetic data prepared by the Egyptian General Petroleum Corporation in 1989 

(scale 1:500,000). The major surface faults are traced from the geological map of Egypt (scale 

1:2,000,000) published by the Egypt Geological Survey and Minning Authority in 1981. The 

deep subsurface faults are correlated to the surface faults obtained from geological map to 

examine their continuity from the surface to the subsurface. 

2. SURFACE OUTCROPS IN THE STUDY AREA 

 

The dominant succession in the study area (figure 1B) is the early-late Lower Eocene marine 

sedimentary rocks. These sediments form huge thicknesses of various limestones, constituting 

the Thebes Group [12]. These rocks overlay Campanian-Maastrichtian shallow to deep marine 

sediments, which belong to the Quseir (base), Duwi and Dakhla formations. The Quseir 

Formation is composed predominantly of phosphorite beds interbedded with shales, marls, and 

some limestone while the Duwi Formation features extensive phosphorite deposits, along with 

shales, marls, and limestone. The Dakhla Formation consists mainly of dark shales, marls, and 

some limestone, indicating a deeper marine setting [13]. 

3. HYDROGEOLOGICAL SETTING 

3.1. The Nubian Sandstone Aquifer System (NSAS) 

The Nubian Sandstone Aquifer System (NSAS) is one of the world's largest and most 

important fossil aquifer systems. It extends across Egypt, Libya, Sudan, and Chad, and is 

considered a critical water resource aquifer, particularly in such arid regions where surface water 

is scarce. The NSAS consists predominantly of sandstone that date back to the Paleozoic and 

Mesozoic. In Egypt, the Nubian Sandstone is characterized by its high porosity and permeability 

[14]. The NSAS is a vast, multi-layered aquifer system, with individual sandstone layers, acting 

mostly as confined aquifers. Groundwater within this aquifer is typically ancient, having been 

recharged during wetter climatic periods thousands years ago. Its aquifer system reflects 
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significant variations in depth and thickness across different regions, influencing therefore the 

availability and quality of groundwater [15]. 

3.2. The Carbonate Aquifer System (CAS): 

This aquifer system is characterized by its extensive carbonate rock formations, which store 

significant amounts of groundwater. These carbonate rocks are highly porous and permeable, 

allowing substantial groundwater storage and flow. The aquifer system is predominantly 

unconfined to semi-confined, depending on the overlying sediments and geological structures. 

The groundwater flow is influenced by the regional hydraulic gradient, which generally flows 

from the Western Desert towards the Nile Valley [16]. The main rock units that constitute the 

CAS are the Eocene limestones, which form the primary aquifer unit, and the Miocene 

limestones that overlay the Eocene limestones, contributing also to the aquifer system. It is 

characterized by more heterogeneous lithologies, including limestones, dolostones, and 

occasional evaporites [17]. 

4. MATERIALS AND METHODS  

 

The reduced-to-pole aeromagnetic maps that cover the study area with an original scale 1: 

500,000 and represents part of the aeromagnetic survey of Egypt were used in this work. These 

maps were carried out for the Egyptian General Petroleum Corporation by Aero Service 

Division, Western Atlas International Incorporation, the United States Agency for International 

Development, released in 1989, with contour interval of 25 nT. The used sheet is reduced to pole 

because it is an important advantage to reduce the magnetic field to the north magnetic pole. The 

magnetic interpretation can be complicated by the fact that the magnetic anomalies, associating 

different geologic bodies, change their configuration as the inclination of the earth’s magnetic 

field changes [18]. The geological maps produced by Conoco Coral Corporation in 1987 in 

cooperation with the Egyptian General Petroleum Corporation were incorporated in the 

investigation to display the geological formations of the study area [11]. In order to trace the 

major surface faults in the study area, the geologic map of Egypt produced by the Egyptian 

Geological Survey and Minning Authority [19] is used. 

The processing software Geosoft Oasis Montaj v8.4 [20] was mainly applied to process the 

collected aeromagnetic data. The methodology applied for this research encompasses the 

processing and interpretation of the aeromagnetic data to identify and analyze significant 
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concealed subsurface faults. The resulting fault trends were correlated with major surface faults 

identified from geological maps. In the following section, a brief description of the filters and 

interpretation techniques, which applied to the reduced-to-pole aeromagnetic data, is given. 

5. PROCESSING OF THE AEROMAGNETIC DATA  

5.1. Upward continuation: 

The upward continuation filter refines magnetic data by revealing deeper features, 

throughout suppressing the influence of the shallow anomalies and highlighting the signals of the 

deeper sources within the Earth. This discrimination between shallow and deep features is crucial 

for successful subsurface exploration [22]. It is used to get rid of the surface noise imprinted on 

the data. This concept grants smooth processing operations and filtering that focus primarily on 

the deep subsurface features, not on the shallow ones. The mathematical expression in the 

wavenumber domain of this filter is expressed by equation (1) as follows: 

 ( )              ( ) 

Where, k is the wavenumber domain increment, used to depict a radially symmetrical 

variable and h is the distance in ground units, relative to the plane of observation to continue 

upward. 

5.2.  First Vertical derivative (FVD): 

It enhances the resolution of the shallow magnetic anomalies and assists in delineating the 

subsurface geological features more precisely. This is done by highlighting the edges and 

boundaries of magnetic sources; the first vertical derivative of a magnetic field measures the rate 

of change of the magnetic field with respect to the vertical direction [23]. The First Vertical 

Derivative (FVD) is given via formula (2) as follows: 

    
  

  
     ( ) 

Where T is the total magnetic field. 

5.3.  Butterworth high pass filter: 

This filter is intended to eliminate the low-frequency components of the signal, thereby 

highlighting higher-frequency anomalies linked to near-surface geological features. It offers a 

smooth and effective procedure to accentuate the higher-frequency elements while reducing 

undesirable low-frequency noise [24]. Equation (3) shows the mathematical formula of this filter. 
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Where, k is the wavenumber domain increment, kc is the inflection point of the 

wavenumber cutoff in cycles/ground unit and n is a positive integer value determining the degree 

of sharpness of the cutoff. 

5.4.  Analytic Signal (AS): 

The analytic signal is determined by taking the square root of the sum of the squares of the 

vertical derivative and the two horizontal derivatives of the total field. This technique is effective 

in identifying the edges of the magnetic source bodies [25]. Equation (4) displays the 

mathematical formula for the AS as follows: 
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Where (
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) are the first order derivatives of the magnetic field in the x, y and z 

directions, respectively. 

5.5.  Tilt Derivative (TDR): 

The tilt derivative filter is a valuable tool in the magnetic data processing and 

interpretation. It was designed to enhance the visibility of subsurface geological features. This 

filter is particularly effective in highlighting the subtle anomalies and enhancing the edges of the 

magnetic sources, making it a crucial technique in various geophysical applications. By dividing 

the first vertical derivative of the field by the total horizontal derivative of the field, in the X and 

Y directions, this tilt derivative filter can be calculated [26]. The mathematical formula for this 

filter is expressed in equation (5): 

    
   

   
     ( ) 

 where FVD is the first vertical derivative (Eq. 2) and THD is the total horizontal gradient 

of the magnetic field (Eq. 6): 
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6. RESULTS AND DISCUSSION 

 

6.1.  Reduced-to-pole (RTP) map: 

The RTP map (figure 2A) shows the occurrence of high magnetic anomalies in the 

northeastern and western parts of the study area, with average amplitudes from 17 to 122 km and 

magnitudes of 28 to 110 nT. The low magnetic anomalies exist close to the central parts and at 

the extreme eastern reaches, with average amplitudes of 50 to 65 km and magnitudes of -162 to -

74nT. The high magnetic anomalies indicate shallow depth to the basement rocks while the low 

magnetic anomalies manifest thick sedimentary cover (i.e. the depth to basement is deep). 

B 

A 

Fig. 2: A) RTP map of the study area, B) Upward continuation map. 
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6.2.  Upward continuation map: 

The upward continuation filter is applied to get rid of the high frequency anomalies that 

disturb the interpretation of the magnetic data and cause the ridging problem. The most suitable 

upward continuation distance here is 3000 m, because this distance is regarded to have 

eliminated the high-wavelength noise and, on the meantime, still preserves the original bodies 

without over-smoothing (Fig. 2B). This map shows the distribution of high bodies in the western 

parts and near the central zone with average amplitudes of 17 to 51 km and magnitude of 8 to 58 

nT., whereas the low bodies are distributed close to the central parts and at the eastern and 

western areas. The amplitude of these low bodies ranges from 10 to 40 km, with magnitudes of -

150 to -70 nT.  

6.3.  First vertical derivative (FVD): 

The FVD map (Fig. 3A) revealed faults throughout the study area, where the zero contour 

lines indicate structural boundaries between high and low magnetic anomalies and mark the 

edges between magnetic source bodies (Fig. 3B). These boundaries may be considered to be 

faults that are traced, analyzed and presented as rose diagram (Fig. 3C). From the diagram, the 

dominant fault trends are NE-SW followed by the NW-SE trend, however, the E-W trend in low 

order of predominant. 
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B 

C 

A 

Fig. 3: A) First vertical derivative map (FVD), B) Traced faults based on map 3A, C) Rose 

diagram of the analyzed major subsurface faults from the FVD filter. 
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6.4.  Butterworth high pass filter: 

 The output of the Butterworth high pass filter in figure 4A presents the subsurface in a 

smoother pattern compared to the FVD. The high bodies are intermittent throughout the map at 

the western, middle and eastern parts. These anomalies have amplitudes range from 16 for the 

smallest body to 90 km for the largest body. The magnitudes of these bodies measure 2 to 32 nT. 

The lowest bodies are in the western part of the map, with amplitudes from 12 for the smallest 

body to 40 km for the largest body. The magnitude for these bodies ranges from -16 to -39 nT. 

From this map it can be concluded that the main trend of the subsurface faults (Fig. 4B) is the 

NE-SW trend, and minor faults trends NW-SE and E-W (Fig. 4C). 
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B 

A 

Figure (4): A) Butterworth high pass filter map, B) Traced faults based on map 4A, C) Rose 

diagram of the analyzed major subsurface faults from the Butterworth high pass filter. 
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6.5.  Analytical Signal filter (AS): 

The main advantage of the AS filter is its capacity to identify concealed magnetic bodies 

and highlight their peripheries. Figure 5A presents the AS filter map, where high magnitudes 

signify bodies with strong magnetic properties. Mapping the edges of these magnetic bodies 

corresponds to the mapping of the concealed subsurface faults (Fig. 5B). Figure 5C shows the 

rose diagram with trends analyzed by the AS filter technique. We established that the main 

structural trend is the NE-SW; less dominantly the N-NE and NW-SW trends. 

 

 

 

 

 

 

 

 

 

 

C 

Fig. 4 continued 
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C
…

B 

A 

Fig. 5: A) Analytical Signal (AS) filter map, B) Traced faults based on map 5A, C), Rose 

diagram of the analyzed major subsurface faults from the AS filter. 
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6.6.  Tilt derivative filter (TDR): 

The peak values of the TDR filter (Fig. 6A) correspond to the significant subsurface faults 

(Fig. 6A) with contouring depicting the zero line, which marks the edges of the magnetic bodies 

(Fig. 6B). The trends of these faults are displayed in the rose diagram of figure 6C, where the 

main trend is NE-SW. 

A 

B 

C 

Fig. 6: A) Tilt Derivative filter map (TDR), B) Traced faults based on map 6A, C) Rose 

diagrams of the analyzed major subsurface faults from the TDR filter 
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6.7.  Surface faults: 

The main surface faults in the study area were traced from the geological map of Egypt 

(Fig. 7), published by the Egyptian Geological Survey and Mining Authority [19]. These faults 

were categorized and plotted on the rose diagram of figure 7B, where the predominant faults are 

extending in the NW-SE direction. 

In conclusion, the processing and interpretation of the aeromagnetic data reveal that the 

major subsurface fault trends frequently extend mainly in a NE-SW direction. In contrast, the 

surface faults are extending in a NW- SE direction. By correlating the subsurface and surface 

fault trends a great discrepancy is observed, indicating no continuity. Consequently, such non 

continuity suggests no hydrogeological connection between the aquifer systems in the study area. 

This conclusion implies that the shallow CAS in the study area does not receive substantial 

recharge from the NSAS. This hypothesis of the absence of a significant recharge from the 

NSAS is supported by the results of [27], through isotopic analyses of groundwater samples 

representing the two aquifer systems. In that work of [27], the highly isotopically depleted 

samples, that are clearly indicative of recharge from the NSAS, are found outside the present 

study area, namely in Wadi El Assiuty. After the construction of the Aswan High Dam, the water 

experiences longer resting times that boosts the enrichment of such isotopic signature because of 

the longer evaporation times than the past [28]. On the other hand, samples from the Eocene 

Aquifer are isotopically slightly depleted, implying no significant recharge from the NSAS 

towards the Eocene Aquifer; they are rather indicative of horizontal recharge from the Nile water 

before the construction of Aswan High Dam. 
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7. CONCLUSION 

 

From the above discussion, the following concluding remarks can be highlighted: 

1- The deep subsurface fault trends run mainly northeast-southwest (NE-SW), in contrast 

to the surface faults trend, which runs northwest-southeast (NW-SE). 

2- This demonstrated discontinuity between the subsurface and surface fault trends favors 

no possibility of a hydrogeological connectivity between the deep NSAS and SCAS, at 

least in the study area. 

B 

A 

Fig. 7: A) Map showing major surface faults after EGSMA (1981), B) Rose diagram of 

the analyzed major surface faults of map 7A. 
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3- Water recharging is therefore not expected from the deep NSAS groundwater aquifer to 

the shallow SCAS, in order to compensate for the heavy extraction rate of the latter. In this 

case any reclamation projects based on the groundwater of the SCAS as a source of water 

is risky. 

4- Additional research on the present area beyond this aeromagnetic study (e.g. 

geophysical, isotopical and borehole data) is recommended as supplementary information 

to address this important issue, which directs future planning of reclamation projects. 
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