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The eastern border of the Nile valley south of Cairo is distinguished by numerous
springs and associated surface water bodies, e.g. Ain El-Sira, Helwan, and Atfih.
Except the latter, all of them were disseminated in urban areas, and were hardly
detected by remote sensing data. Thus, studying the surface water of Atfih spring is
key to understanding the nature of the east Nile spring system. Change in this surface
water has been detected based on the integration between the spatiotemporal analysis
of the multi-spectral satellite images and the Modern-Era Retrospective Analysis for
Research and Applications (MERRA-2) rainfall data from 1987 to 2019, and the
field investigation. The normalized differential water index analysis reveals an
increase in the surface area of the Atfih water body by two to three times during the
years 2016-2017. The results clarified the relationship between the appearance of the
surface water of Atfih spring and rainfall amounts. Another factor controlling the
Atfih water body treated in this work is the geological structures. A field survey
aided by the processed satellite data revealed the presence of three fault populations:
WNW-ESE, E-W to ENE-WSW, and NNE-SSW. The E-W to ENE-oriented faults
are the main faults and have a right-lateral strike-slip sense of movement. This fault
pattern and Pliocene shale have a substantial impact on the appearance of the Atfih
water body. These faults act as a horizontal channel that allows lateral movement of
meteoric water through Eocene carbonate, and water recharge occurs at the highly
fractured strike-slip transfer zones.

1. Introduction

Egypt lies in a hyper-arid region, and faces
severe water scarcity [ 1], where the Nile is the main
source of Egyptian water. The construction of a
new dam on the Upper Nile and the continual
increase in population and agricultural activities
led to the consideration of springs as an alternative
supply of water.

Generally, many springs of different types
(thermal springs, sulfur springs, mineral springs,
and potable spring water) are distributed
throughout the Egyptian Desert. These springs
exist in Sinai, Western and Eastern Deserts. In
Greater Cairo several springs are flowing, such as
Ain Mousa, Ain El-Sira, Sulfuric Helwan springs,
Ain Helwan, and Ain Atfih [2].

Several authors studied the hydrogeological and
hydrogeochemical characteristics of the springs
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distributed along the east Greater Cairo district. [1],
[3]-[5] discussed the hydrogeology of the studied
area. [6] discussed hydrogeochemistry of surface
water and groundwater from fractured carbonate
aquifer. [5] discussed the thermal fluid of Helwan
springs by using isotope analysis. [7] studied
hydrogeology, hydrogeochemistry, and isotope of
the Quaternary aquifer in Atfih area.

Although [7]-[9] studied Atfih area and its
surrounding, most of these studies neglect the
springs that exist in Atfih area and their water
genesis. Atfih surface water spring lies southeast of
Atfih city and northeast of the Nile valley. This
spring water may be used for Atfih inhabitants’
utilizations for industrial or agricultural use such as
irrigational use by mixing this water with Nile
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water for land reclamation and sustainable
development of the area around Atfih city.

Springs are the surface discharge of water from
deep-seated groundwater aquifers. Fault damage
zones are characterized by intense fracture patterns
that allow movements of fluids along strike and dip
[10], [11]. The occurrence of springs is governed
primarily by the recharge characteristics of the
rocks, such as permeability and porosity of the soil,
lithology, structure features, and
hydrogeomorphology of the surface, as well as
precipitation [12]. Generally, water flow patterns
in groundwater aquifers are strongly affected by
faults (many authors mentioned that, e.g. [10],
[13]-[16]). The fault intersection zones, relay
ramps, accommodation zones in normal fault
zones, step-over zones along strike-slip fault
systems, and fault termination zones are the
common occurrence of the springs. Additionally,
the fault and fracture zones caused the
mineralization of the formation, acting as a
conductor or tunnel for these deposits [17].

From the last century till now, remote sensing has
been the most useful technique for monitoring the
change of features and applications that are applied
in various fields. Moreover, Landsat satellite
imagery series are utilized for change detection
studies due to accessibility and cost-effectiveness.
Detecting changes in land cover and land use,
monitoring climatic change, and the area of surface
water bodies, are considered examples of remote
sensing applications. Since 1989 there has been a
rapid increase in using change detection techniques
for many applications. For example [18]-
[23]applied a change detection method for
monitoring the change of land cover/land use with
the time change. [24]-[26] utilized the integration
between Geographic Information System (GIS),
remote sensing, and change detection techniques to
study the change in forest and vegetation. In
addition [27]-[32] used multi-satellite images,
change detection techniques, and GIS to detect the
temporal change of surface waterbodies area.
Several applications are used to delineate the
surface water bodies with the integration of remote
sensing data using single or multi-band techniques.
The normalized difference water index (NDWTI) is
one of the multiband techniques that is applied on
the Landsat satellite series to extract the surface
water bodies. Many researchers used this index
(NDWI) to delineate several surface water bodies
for various regions such as[27], [31]-[34]. Thus,
why this water body appears? And what are the
main factors controlling its appearance? The
present paper aims to calculate the surface area of
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this water body and to clarify the main factors
controlling its appearance. This will help
improving the water resources in urban areas to
reach sustainable cities.

2. Studied Area

The studied area lies 9.5 Km southeast of Atfih
city, 74 Km south of Cairo, and covers an area of
approximately 110 km® (Figurel). It is
characterized by a warm winter and hot, dry
summers. The annual average of precipitation is
15mm, humidity at 45%, and daily temperature is
29.7°C, respectively. The main geomorphologic
features that cover the studied area are: 1) alluvial
plain has an average elevation of about 40m (above
the sea level), 2) limestone plateau up to 200m
elevation to the east of the study area, 3) isolated
hills, and 4) sinkholes karst features. The low land
alluvial plain includes deposits of the drainages
such as wadi Atfihy and deposits of the Nile
floodplain. The drainage network of Wadi El
Atfihy and wadi Atfih-1 cut across the structural
plateau, terminating westward in the alluvial plain.
These drainage networks receive water from
occasional heavy rainfall during the winter [35].

3. Geological and Hydrogeological Setting

Several authors studied the geology of Atfih area,
among them [35]-[38], [40]-[42]. The exposed
lithostratigraphic rock units of the studied area are
Middle Eocene Mokattam group, Pliocene Kom
El-shelul formation, and Quaternary Wadi deposits
(Figure 2). The middle Eocene deposits are
exposed in the eastern side of the studied area. The
middle Eocene Mokattam group is represented in
the studied area by Beni Suef formation at the base
and Observatory Formation at the top which is
dominated by limestone, marl, and shale
sediments. Pliocene rock units are classified into
two formations Kom el-Shelul bed and
undifferentiated Pliocene bed. Kom el-Shelul
formation consists of limestone and sandstone rock
and crops out around Atfih water body. The
undifferentiated Pliocene deposits consist of
gravel, sand, and shale mapped in the northern part
of the studied area. Moreover, the northern part of
the Eastern Desert were investigated geologically,
structurally, hydrogeologically, and land use map
was created by using several data to illustrate the
surface water of Atfih spring’s position [43]. The
clay outcrop of Kom El-Shelul formation contains
deep marine Pliocene; placed in the north western
part of surface water of Atfih spring was
demonstrated using the seismic data along the Nile
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valley by [41], [44]. Structurally, the studied area
is affected by three main tectonic events including
Syrian arc system, Gulf of Suez rift, and
Mediterranean Sea system [45], [46]. These
tectonic events caused formation of main trend of
faults; dominant in the studied area are NW-SE, E-
W, and NE-SW directions. The Eastern Desert of
Egypt contains four main groundwater aquifers,
such as the Quaternary Aquifer, Karst Aquifer, the
Nubian Sandstone Aquifer System, and Basement
Aquifer [36]. The studied area contains two
aquifers, which are Quaternary and Karst Aquifers.
The Quaternary (Pliocene) Aquifer in the studied
area is composed of sandstone, limestone, gravel,
and intercalation of shale. This aquifer crops out of
surface water of Atfih spring. This aquifer overlies
the Karst Aquifer, which consists of-limestone,
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marl, marly sand, and sandy lime, with many
fractures widened due to the dissolution of
carbonate rocks. Aquitard layer shale and claystone
are intercalated within Karst Aquifer. Thus, the
presence of fractures and faults enhances the
movement of groundwater through aquifers. The
precipitation from seasonal rainfall is considered
the main source of recharge to Karst Aquifer. This
Karst Aquifer is exposed in the studied area on the
surface at some locations, and found in the sub-
surface in some other locations [37], [47]. In the
Atfih area, the Nubian Sandstone Aquifer System
is not exposed, and is poorly defined. The whole
succession of hydrogeologic units of the central
Eastern Desert, including the studied area is shown

in (Figure 3).
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Figure 1. Location map of studied area.
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The Quaternary Aquifer is recharged from the
underlying deeper aquifers through sub-surface
structure elements such as faults and fractures [48];
therefore, there is a hydrostatic connection between
the different aquifers. Furthermore, rainfall flows
westwards from the upstream of Wadi Atfih basin
and other wadis to the Nile Valley and recharges
the Quaternary Aquifer [49], [50]. The shallow
aquifers to the south of the studied area are
recharged from the Karst Aquifer, due to the
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presence of many fractures and faults that act as a
conduit of water from one aquifer to another.
Moreover, this Karst Aquifer is recharged by
infiltrated rainfall water from seasonal rainy
storms. Recently, a wastewater treatment station
was constructed to the north west of Atfih spring;
it has no effect on the surface water since; the slope
is regional from east to west and spring at higher
elevation to the east of the wastewater treatment
station.
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Figure 3. Hydrogeological stratigraphic sequence of the Eastern desert (modified after [76]).

4. Materials and Methods

Figure 4 shows the flow chart of the general
methodology of the present study. Multi-temporal
Landsat images, topographic maps, MERRA-2
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precipitation data, and high-resolution images are
prepared and analyzed to achieve the aims of the
present study. Firstly, the MERRA-2 rainfall data
was downloaded from NASA’s website to
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illustrate the relationship between the change in the
surface water of Atfih spring area and the amount
of precipitation. After that, Landsat satellite images
were downloaded from the United States
Geological Survey (USGS) Earth Explorer website
with various sensors TM, ETM+, and OLI covered
the studied region with path and raw (176, 40),
respectively. This data was downloaded during
specific years within the studied period from 1987
to 2019 to achieve the aim of extracting surface
waterbody of Atfih spring. Landsat satellite images
were utilized due to their advantages such as the
ease of downloading and acquiring this data, and
the availability of data during the stated study
period. In addition, the simplicity of the processed
raw data and its commercial cost. Preprocessing
procedures for the Landsat data were applied to all
downloaded multi-Landsat satellite scenes (Figure.
4). The main processing procedures include
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Normalized Difference Water Index (NDWI) and
band ratios. The band ratio technique was applied
in the studied region to construct the updated
geological map. The lineaments were extracted
manually to clarify the relationship between the
geological structure feature and the emergence of
surface water of Atfih spring. There are two
methods for creating lineament extraction such as
automatic and manual methods. The manual
lineament extraction method was applied in the
present study because the studied area contains
several artificial line features; therefore, the
lineament map was produced manually to be more
reliable. In the present study, the high-resolution
image with 0.5 m spatial resolution, field
investigation, and Arc GIS 10.5v software tools
were utilized to extract the lineaments in the
studied region.
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Figure 4. Flow chart of general methodology used in the present study.
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5. Results and Discussion
5.1. Statistical analyses of MERRA-2 rainfall
data

MERRA-2 is a new source of data that offers
long-term air and surface measurements around the
world[51]-[54]. It includes datasets in the period
from 1980 to the present. The present study utilized
monthly precipitation for the period from 1981 to
2019 of MERRA-2 project with a spatial resolution
of 0.5° x 0.5° obtained from the NASA’s website.
After data analyses, many years were dropped, and
the precipitation data of twenty years were selected
for further analysis and visualization. Table 1
shows the main descriptive statistics of this data.
The present study prepared and selected historical
rainfall data (1981 to 2019) of MERRA-2
precipitation (mm day') for analysis and
visualization. Before starting the analyses, data
reduction was performed. Only precipitation from
20 years was selected and years that received little

Month
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or no precipitation were neglected. ANACONDA
JUPITER NOTEBOOK for PYTHON code
implementation was utilized. Two main
visualization methods were selected to describe the
precipitation data: heatmap and boxplot. Figure 5;
shows the heatmap of the rainfall distribution. It
clearly defines the months that received a high
amount of precipitation. November is the rainy
month over the studied area, in which four main
storms were recorded. In November, the highest
amounts of precipitation were recorded in 2016,
2017, 1994, and 1984, reaching about 116, 48, 19,
and 18 (mm/day), respectively. Other high
precipitation was recorded sporadically in October,
December, January, and March occurred during
2016, 1987, and 1982, respectively. Figure 6
represents the boxplot of the precipitation data. It
shows the main rainfall storms in this study, and
the highest amount of precipitation amounts
116mm/day recorded in 2016.
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Figure 6. Box-plot of rainfall data shows the main storms.
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Table 1. Descriptive statistics of the final selected precipitation data.

Min Max Mean STDev Skewness Kurtosis
0 16.19 4.05 5.15 1.36 1.41
0 36.24 6.14 10.36 2.58 7.28
0 16.63 2.25 4.81 2.84 8.56
0 18.24 4.97 6.64 1.15 -0.17
0 43.53 5.42 12.38 3.11 10.12
0 19.84 2.71 5.69 2.89 8.9
0 3.76 1.14 1.34 1.21 0.12
0 9.12 2.28 3.09 1.26 0.51
0 4.14 0.5 1.18 3.13 10.13
0 8.39 1.95 2.92 1.43 0.77
0 4.02 0.92 1.28 1.54 1.82
0 9.49 1.68 3.05 1.91 3.09
0 5.69 1.56 2.05 1.17 0.2
0 7.86 0.97 2.19 3.31 11.23
0 2.49 0.43 0.72 2.39 6.3
0 8.19 1.4 2.38 2.44 6.53
0 6.94 2.03 2.33 0.98 0.17
0 116 16.77 33.96 2.67 7.55
0 48.59 4.81 13.83 3.42 11.78
0 0.81 0.19 0.26 1.55 1.89

5.2. Utilization of multi-temporal Landsat
images to map changes of surface water of Atfih
spring

Landsat multi-temporal images and geographic
information system (GIS) were utilized to assess
the change in the surface water of Atfih spring. The
selected images were chosen and downloaded from
USGS annually during the period (1987-2019)
after one or two months of the maximum rainstorm
occurred at each year (Table 2). The normalized
difference water index (NDWI) was applied to the
selected Landsat satellite data to extract the surface
water of Atfih spring. The NDWI considered as
type of ratio method that is described below:

Green— NIR
Green+ NIR

where NIR is a near-infrared band, and Green is
a green band image of the Landsat satellite scenes.
The NDWTI thresholds separated the Landsat
satellite image into the two classes water and land.
The output vector of NDWI equation that

NDWI =

represents the surface water of Atfih spring was
extracted annually through the study period, and
the area of the waterbody was calculated. The
selection of the date of Landsat data used for
evaluation depends on the number of rainfall
storms. Years that received rainfall amounts less
than 10 mm\day were neglected. Figures 7a, b, c,
d, e, and f show the subset of the Atfih area with
their polygons detecting the water body around
Atfih Spring. The results show that when the
quantity of extreme mean annual rainfall storms
increased, the area of the surface water of Atfih
spring enlarged. This direct relation between
rainfall storm amount and the surface water of
Atfih spring area change is clearly shown in
(Figure 7) and (Table 2). There is an event of
maximum mean annual precipitation storm that
occurred in the studied area during the desired
period in 2016, at which the area of Atfih
waterbody increased to be 3649.86 m’. This
relation between the amount of rainfall and the
formation of Atfih waterbody was clarified during
the years of 1987 and 2016 (Figure 8a).

Table 2. Results of surface water areas of Atfih spring and amount of rainfall.

Month of Spatial resolution Amount of Area of surface water

Month of a maximum onth o Landsat satellite patia’ resotutio precipitation of of Atfih spring by
Year . acquired of Green and near . . .

rainstorm A sensor . this month using NDWI index

satellite data infrared bands 2
(mm\day) (m?)

1987 March April Landsat 5 TM 30 m 43.53 1232.64
1994 Nov Dec Landsat 5 TM 30 m 19.84 1671.86
2004 Feb Mar Landsat7 ETM+ 30 m 13.76 2331.69
2011 Jan Mar Landsat7 ETM+ 30 m 11.62 2477.84
2016 Nov Dec Landsat 8 OLI 30 m 116.44 3649.86
2017 Nov Dec Landsat 8 OLIL 30 m 48.59 2515.41
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Figure 8. Change detection of Atfih waterbody surface area, (a) shows Atfih waterbody area during 1987 and
2016 years, and (b) illustrates the change of Atfih waterbody area during the selected years (1987, 1994, 2004,
2016, and 2017)

5.3. Factors controlling appearance of surface
water of Atfih spring

Several researchers demonstrated the effect of
lithology and structures for occurrence of springs
that appear to the surface such as [55]-[57]. Field
studies revealed that the lithology and geological
structures are the main factors controlling the
appearance of the surface water of Atfih spring.
For lithologic discrimination, Landsat 8 OLI data
was prepared and used.

5.3.1. Utilization of Landsat 8 OLI sensor for
lithologic  discrimination and  updating
geological map of Atfih area

In the current work, the Band Ratio technique
was applied on Landsat 8 OLI to create a
lithological map of the studied area. Although
many researchers studied the lithological
discrimination of the Eastern desert area by using
Landsat satellite data such as[58]-[67], the
lithologic discrimination using remote sensing data
in Atfih area has not been studied before by any
author. The band ratio technique was applied using
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Landsat 80LI sensor because it could remove the
effect of topography[68]. In the present study, the
following band ratios (6/7, 7/4, 6/4, Figure 9) were
effectively applied to discriminate the rock units
covered the studied area. This band ratio image is
distinct and competent for differentiating a range
of geological rock units in the studied area such as
the Quaternary deposit with dark green color, clay
layer of Pliocene deposit (bright green), Pliocene
deposit sandstone of Kom El-Shelul, and the
Eocene carbonate of Mokattam Fm. However, the
latter rock unit displays a multi-color in band ratio
image since these deposits consist of three
members: chalky limestone, marly limestone, and
sandy limestone. Furthermore, band ratio of 6/7 on
grayscale was used to discriminate the clay layer of
Pliocene sediments from its surrounding (Figure
10). The clay deposit of Pliocene sediments is
discriminated as darker color in (Figure 10) due to
its high reflectance in band 7 and low reflectance
and high absorption in band 6 [69]. The geologic
map of the studied region was created by utilizing
the integration between band ratio method and field
survey data (Figure 11A).



Saad et al. Journal of Mining & Environment (JME), Vol. 14, No. 1, 2023

31°18'0"E 31°19'0"E 31°20'0"E 31°21'0"E 31°22'0"E 31°23"0"E

z
>
[ag]
e 8
)
& |
(8]

29°22'0"N
29°23'0"N

29°22'0"N

29°21'0"N

g z
] ! S
5‘1 o s - . S
A 31°18'0"E 31°19'0"E 31°20'0"E 31°21'0"E 31°22'0"E 31°23'0"E ?3
Clay deposit o Kom El-Shelul fm
Pliocene age Sandstone pliocene age
: Carbonate middle-
] Sand and gravel deposit d
; i upper Eocene deposit

Quaternary age
Figure 9. False color band ratios image 6/7, 7/4, 6/4 in RGB.

31°17'0"E 31°18'0"E 31°19'0"E 31°20'0"E 31°21'0"E 31°22'0"E 31°23'0"E

z.
= Z
= £
o =
N o
g o
= S
3] =
&
Z.
= Z.
= =
= . =
a Clay deposit =
2 o
= $
« =
&
£ z
= =
= =
o —
= N
« =
o1

0 0.4250.85 5 2.55 3.4
Kilometers

31°17'0"E 31°18'0"E 31°19'0"E 31°20'0"E 31°21'0"E 31°22'0"E 31°23'0"E

Figure 10. Band 6/band 7 ratio image in grayscale that discriminate clay layer of Pliocene deposit.

88



Saad et al.

31°16'0"E 31°18'0"E 31°20'0"E

29°20'0"N

Kilometers

Journal of Mining & Environment (JME), Vol. 14, No. 1, 2023

31°22"0"E Geologic rock units

Quaternary

age
]
5
=

Zz
&
P

=

2
2
]

3

o

=

s
e

- Sandstone
- Green shale
B

- Sandy limestone
I:l Marly limestone
Ij Chalky limestone

Road
Structure features
i
=

29°22'0"N
Tertiary
age
Pliocene age

Eocene age
(middle -upper Eocene)

Right lateral sirike-slip fauli

29920'0"'N

—mm__ Normal fault

31°20'0"E

B - 7:

Infered fanlt
= === Uncertain fault

Figure 11. (A) Updated geological map of the studied area, (B) Satellite image illustrates the E-W right-lateral
strike-slip fault, which caused the occurrence of transfer zone at Eocene deposit, and (C) Google Earth image
shows the presence of faults at the Atfih spring location.

5.3.2. Structural setting and its role in
formation of surface water of Atfih spring

The studied area lies in a tectonically complex
setting; it has been affected by several tectonic
phases starting with the Early Cretaceous rift of the
Nile Valley basin [70]. Through the Late
Cretaceous- Middle Eocene strike-slip tectonics
(the age of fault in the current work) associated
with the oblique convergent between Africa and
Europe [71]-[74], and finally, the Oligo-Miocene
extension associated with the opening of the Red
Sea basin. The historical tectonic events mentioned
above led to the formation of a network of faults
and fractures with NW-SE, E-W to ENE-WSW,
and NE-SW orientations on the eastern side of the
surface water of Atfih spring (Figurel1A). The
NW and E-W oriented faults are extended for
several kilometres on the Karst Aquifer to the east
of the studied area, and greatly control the surface

&9

water flow and groundwater flow of the Karst
Aquifer. E-W and ENE are the most dominant
trends in the studied area, which are segmented
right-lateral ~ strike-slip ~ fault system that
encompasses several segments. Several small-
scale folds of NE orientation were mapped along
the deformation zone of the E-W fault segments
(Figure 11C). Two major contractional stepover
zone are developed as a linkage between the E-W
fault segments. At mesoscale, these contractional
step-over zones are marked by intensive fractured
patterns including E-W, ENE, NW, and N-S
orientations (Figure 12A). These highly fractured
step-over zones act a crucial role in hydraulic
connectivity along the studied area where they
provide a seepage zone through the impermeable
chalky limestone of the Middle Eocene. The
fractures and connected fractures that exist in the
field illustrated in (Figure 13).
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: B
H

actures that exist in the studied area. (B) Rose diagram
shows the direction of dominant fractures.

Figure 13. Field photographs showing (A) the main vertical fractures with directions. (B) the connected fractures
that filled with gypsum due to flow of groundwater in the studied area.
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Figure 14. A 3D conceptual model illustrates occurrence of Atfih waterbody by presence of the transfer zone

through faults that occurred in the Atfih studied area.

6. Conclusions

Population growth in Egypt has increased water
demand. Many studies emphasized finding new
unconventional water resources while conserving
existing surface water. Remote sensing is utilized
to extract surface water for human use. Surface
water of Atfih spring lies close to the Atfih city in
the Eastern Desert, Egypt. The present study
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demonstrated the change in this surface water and
calculated the area that changed within the studied
period (1987 — 2019) by using water indices such
as NDWI. In addition, illustrated the reasons that
caused the occurrence of this surface water. The
result of MERRA-2 proved that the highest amount
of precipitation was recorded in 2016, and the
greatest area of the surface water of Atfih spring in
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the same year. Therefore, the result of MERRA-2
rainfall data and the output of NDWI method
indicate a relation between the precipitation
amount and the change of surface water area of
Atfih spring. When the rainfall quantity increases
at Atfih upstream, the waterbody surface area
increase. The lineaments extraction of structural
features such as fractures and faults were applied
to achieve the goal of this study; the result of
extraction geologic structural features indicates
that the right-lateral strike-slip faults with E-W and
ENE trends that occurred in the studied area caused
the formation of transfer zone. Moreover, the band
ratio method was applied by using Landsat 8§ OLI
sensor to update the geological map of the study
area. The result of the band ratio method clarifies
that there are impervious layers such as shale and
clay at the top surface and on the eastern side of the
Nile Valley, which act as a barrier for the
movement of water toward the Nile Valley. Thus,
the groundwater in the Karst Aquifer recharged by
precipitation has upward seepage to the surface,
forming the surface water of Atfih spring.

A conceptual model for the occurrence of surface
water of Atfih spring has been constructed (Figure
14). The model shows that rainfall precipitates in
the upstream area of the Eocene carbonate plateau,
followed by the infiltration of meteoric water
downward through the fault network. This is to
recharge the groundwater, which flows from East
to West through the westward-tilted fractured
Karst Aquifer. The thick shale succession of the
Pliocene Kom El-Shelul formation, which
juxtaposes the fractured Karst aquifer act as a
lateral barrier and prevents debouching of the
groundwater into Nile valley. The contractional
step-over zones provide the vertical conduits for
upward water flow at the vertical interface between
the Pliocene shale and the Karst Aquifer. In
conclusion, the results of this study indicate that the
surface water of Atfih spring occurred according to
the factors of lineaments and the amount of
precipitation during the rainy season.
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